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TO 

THE    SECOND    VOLUME 


In  the  Preface  to  the  First  volume  the  Editors  explained  the  intention 
of  the  work  which  they  had  undertaken  at  the  request  of  the  Publishers, 
and  indicated  the  subject-matter  which  would  be  discussed  in  its  pages. 
In  presenting  the  Second  volume  they  desire  to  repeat  that  it  has  been 
thought  well  to  allow  to  each  author  freedom  of  expression  of  his  own 
views,  even  when  these  are  not  in  complete  harmony  with  those  of 
other  contributors,  or  of  the  Editors  themselves.  The  Second  volume 
contains  some  matter  of  the  greatest  interest  and  importance  to  the 
student  and  practitioner  of  preventive  medicine,  but  necessarily  of  a 
more  speculative  and  controversial  character  than  much  that  is  con- 
tained in  the  First  volume.  The  monographs  on  the  '  Pathology  and 
Etiology  of  Infectious  Disease,'  on  the  '  Natural  History  of  Infectious 
Disease,'  and  on  the  '  Disposal  of  the  Dead '  afford  instances  of  these 
observations,  which  will  be  apparent  to  the  reader.  It  would  have 
been  improper  to  exclude  such  matter,  and  unfair  to  the  authors  to 
have  attempted  to  reconcile  all  the  statements  and  views  advanced. 
The  names  of  the  contributors  are  sufficient  guarantee  of  the  value  of 
their  opinions,  and  that  nothing  is  printed  in  these  volumes  which  is 
not  accepted  by  at  least  a  large  number  of  competent  authorities. 

As  in  the  First  volume,  it  has  not  been  thought  well  to  prevent  some 
amount  of  repetition  where  this  has  been  considered  necessary  to  pre- 
serve the  completeness  of  any  article.  Thus  in  the  monograph  on  the 
'  Duties  of  the  Medical  Officer  of  Health  '  it  has  been  advisable  to  make 
frequent  reference  to  the  statutory  powers  under  which  this  officer  pro- 
ceeds ;  but  a  fuller  discussion  of  the  Law  relating  to  the  Public  Health 
will  be  found  in  the  Third  volume. 
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INTEODUCTION 

TiFew  branches  of  medical  science  can  be  said  to  have  received,  within  the 
last  twenty-five  years,  greater  attention,  and  to  have  developed  more  largely 
within  a  comparatively  short  period,  than  the  knowledge  of  the  nature  of 
infectious  diseases.  Not  only  have  many  disorders,  belonging  to  this  class 
and  for  a  long  time  suspected  as  belonging  to  this  group,  become  well  under- 
stood in  their  nature,  their  mode  of  origin  and  spread,  but  others,  not 
previously  suspected  to  be  communicable  diseases  at  all,  have  been  shown  to 
appertain  to  this  class.  To  quote  for  each  of  these  one  instance  :  typhoid 
fever,  though  for  a  long  time  assumed  to  be  a  communicable  disorder  spread- 
ing from  the  sick  to  the  healthy  by  the  evacuations,  had  not,  prior  to  the 
researches  of  Budd,  Snow,  Simon,  Buchanan  and  others,  been  proved  to  be  of 
this  character,  and  though  some  authorities,  like  Murchison,  pleaded  for  the 
possibility  of  a  spontaneous  origin,  the  weight  of  evidence  was  in  favour  of 
its  being  a  specific  disease,  which,  hke  all  specific  diseases,  can  only  arise  from 
a  previous  specific  disorder  of  the  same  kind.  By  the  researches  of  more 
modern  investigators,  notably  Buchanan,  Ballard,  and  Thorne  Thorne,  its 
mode  of  spread  has  become  well  understood,  and  by  their  investigations  its 
nature — viz.  that  of  a  specific  communicable  disease — been  definitely  settled. 
As  examples  of  diseases  not  previously  suspected  to  belong  to  this  group  but 
now  known  to  be  so,  we  may  quote  tetanus,  and  epidemic  or  croupous  pneu- 
monia. Of  both  these  diseases  recent  research  has  shown  that  they  are  of 
an  infectious  character,  that  ia  both  there  exists  a  specific  virus  which, 
iinding  entrance  into  a  healthy  individual,  is  capable  of  setting  up  the  disorder. 
These  examples  we  could  easily  multiply.  Nay  more,  we  could  show,  on  the 
■one  hand,  that  as  regards  a  number  of  disorders  for  whose  specific  nature 
there  existed  until  quite  recently  very  slender  evidence,  there  are  now  definite 
and  exact  experimental  grounds  for  asserting  their  specific  nature,  e.g. 
anthrax,  tuberculosis,  septicaemia,  and  erysipelas ;  on  the  other  hand,  by 
ascertaining  the  exact  nature  of  some  of  these  disorders,  others  formerly  not 
distinguished  from  them  have  been  shown  to  have  a  separate  existence  and 
to  be  different  from  them  in  their  pathology,  symptoms,  course,  and  causation. 
Thus,  for  instance,  malignant  anthrax  has  been  shown  to  be  a  perfectly 
separate  disorder  from  symptomatic  anthrax  ;  woolsorters'  disease  (malignant 
pustule)  to  be  a  separate  disease  from  some  forms  of  ragsorters'  disease  ;  tuber- 
culosis to  be  different  from  other  chronic  lung  diseases,  to  which  it  bears  a 
distant  pathological  semblance. 

These  results  have  been  achieved  by  the  isolation  and  study  of  the  essence 
of  these  diseases — the  contagium,  which  was  shown  to  be  a  living  microphyte,^ 
contagium  vivum,  differing  as  regards  morphology  and  biology  in  the  different 
diseases  to  which  it  gives  rise.  It  is  no  doubt  an  interesting  study  to  trace 
the  history  and  the  development  of  the  theory  of  the  contagium  vivu^n ;  but 
.at  the  present  day  such  a  study  is  chiefly  of  an  historical  interest,  and  not  an 

'  fjLiKpSs,  small,  (pvrSv,  plant. 
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integral  part  of  the  present  work.  It  is  interesting  to  go  back  to  the  time 
when  the  basis  of  a  discussion  as  to  whether  infectious  diseases  can  arise 
de  novo  was  evidence  such  as  the  existence  of  epidemics  arising  from  a  case 
imported  from  outside  (small-pox,  the  plague,  cholera,  &c.) ;  or  evidence 
that  the  isolation  of  the  patient,  and  destruction  of  matter  derived  from  such 
a  patient,  puts  a  stop  to,  or  prevents  the  spread  of  that  disorder  ;  or  when  the 
similarity  of  the  specific  nature  and  spread  of  infectious  diseases  to  the 
specific  nature  of  fermentations,  such  as  those  specially  studied  and.  revealed 
by  the  earlier  labours  of  M,  Pasteur,  was  insisted  on.  At  present  the  evidence 
that  infectious  diseases  owe  their  origin  to  specific  well-characterised  micro- 
organisms, which,  having  entered,  in  however  small  a  number,  a  susceptible 
human  or  animal  body,  multiply  therein,  and  set  up  the  whole  chain  of  symp- 
toms characterising  the  particular  disease ;  and  further,  that  the  diseased 
tissues  of  such  an  infected  individual  harbour  the  specific  microbes,  so  that 
a  minute  particle  of  such  tissue  is  again  capable  of  starting  the  disorder  in  a 
new  body ; — all  this  is  no  longer  a  matter  of  assumption  and  indirect 
evidence,  but  one  of  exact  science.  Just  as  a  chemist  is  enabled  to  detect 
and  to  demonstrate  with  tolerable  exactness  the  existence  in  special  cases  of 
a  chemical  poison — e.g.  arsenic,  phosphorus,  strychnine,  &c. — the  material 
that  has  caused  disease  and  death,  so  nowadays  can  the  pathologist  by 
microscopical,  cultural,  and  animal  experiments  demonstrate  the  specific 
materies  morbi ;  more  than  that,  in  cases  where  the  physician,  or  surgeon 
and  sanitarian,  is  unable  by  the  clinical  and  other  aspects  of  a  case  to  give  an 
opinion,  the  pathologist  can  by  his  methods  state  with  exactness  the  nature 
of  the  disease  in  question.  In  illustration  of  this  we  may  mention  the  case 
of  tuberculosis,  of  anthrax,  of  cholera,  and  of  hydrophobia.  Numerous  cases 
occur  in  the  human  subject  where  from  a  clinical  point  of  view  the  physician 
does  not  feel  justified  in  pronouncing  whether  or  not  the  case  is  one  of  tuber- 
culosis ;  the  pathologist,  by  demonstrating  the  presence  or  absence  of  the 
tubercle  bacilli,  is  enabled  to  settle  the  point  without  difficulty.  The  same 
holds  good  in  certain  surgical  cases,  where  the  diagnosis  of  tuberculosis  of  the 
skin  or  bones  is  only  possible  after  the  demonstration  of  the  tubercle  baciUi. 
In  certain  diseases  affecting  sheep  and  cattle,  and  wool  and  hide  sorters, 
the  exact  and  reliable  diagnosis  of  malignant  anthrax  is  furnished  by  the 
demonstration  of  the  bacillus  anthracis  by  the  microscope,  by  culture,  and  by 
experiment  on  animals.  In  suspected  cases  of  cholera,  when  the  clinical 
aspect  is  not  sufficiently  characteristic,  the  demonstration  of  the  choleraic 
comma  bacilli  in  the  evacuations,  or  in  the  contents  of  the  intestines,  furnishes 
an  important  piece  of  evidence.  In  cases  of  suspected  rabies,  the  experi- 
mental method  discovered  by  M.  Pasteur — viz.  that  the  spinal  marrow  of 
such  an  animal  inoculated  under  the  dura  mater  of  a  rabbit  produces  hydro- 
phobia— furnishes  positive  proof.  The  differential  diagnosis  between  tuber- 
culosis and  actinomycosis  in  cattle,  possible  by  the  microscopic  test,  furnishes 
another  not  less  important  illustration.  The  study  of  micro-organisms  con- 
nected with  specific  diseases — i.e.  the  contagia,  then*  nature,  habits,  and 
mode  of  growth,  outside  and  within  an  infected  individual,  the  manner  in 
which  they  leave  and  in  which  they  enter  the  human  and  animal  organism, 
the  nature  of  the  changes  which  they  induce  in  the  material  in  which  they 
grow  and  multiply,  be  that  material  the  human  or  animal  organism,  or 
organic  matter  outside  these — all  this  is  now  well  understood. 

The  micro-organisms  or  microbes  ^  that  interest  us  belong  to  three  distinct 
groups  :  (1)  bacteria,  (2)  fungi,  (3)  monadinre.     The  first  are  those  which  as 

'  Microbe  {ixiKp6s,  small,  fiios,  life)  is  the  term  also  generally  applied  to  these  micro- 
scopic organisms. 
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regards  infectious  diseases  hold  the  most  prominent  place,  owing  to  their 
general  and  very  wide  distribution,  and  because  most  of  the  infectious  dis- 
orders hitherto  analysed  owe  their  origin  to  one  or  another  species  of  these 
microphytes ;  the  second  or  fungi  have,  so  far  as  research  has  hitherto  gone, 
a  more  limited  distribution  as  disease-producers  ;  and  the  third  group,  or 
monadinse  and  allied  organisms,  belonging  to  the  animal  kingdom,  are  at 
present  only  imperfectly  investigated,  although,  as  will  be  shown,  they 
produce  some  well-marked  disorders  in  man  and  animals. 


Section  A. 
CHAPTEE  I 

CSABACTEBS   OF  BAGTEBIA 

Bacteria  are  microscopic  organisms  which  contain  no  chlorophyll,  which 
possess  an  investment  of  cellulose,  and  are  therefore  considered  to  belong  to 
the  vegetable  kingdom,  which  multiply  by  simple  division  or  fission,  and 
are  therefore  called,  after  Naegeli,  Schizomycetes  (o-xi^w,  divide,  and  /xvktjs, 
fungus).  Though  they  are  considered  as  single-celled  plants,  their  action 
is  not  quite  in  harmony  with  that  generally  attributed  to  plants,  since,  speak- 
ing in  a  general  way,  they  do  not  possess  in  any  conspicuous  degree,  like 
vegetable  cells,  the  power  of  building  up  complex  organic  substances  from 
simple  inorganic  material ;  but,  on  the  contrary,  on  the  plan  of  animal  cells, 
they  have  in  an  eminent  degree  the  character  of  destroying  or  breaking  down 
higher  or  complex  organic  molecules  into  those  of  simpler  combinations. 
'This  is  true  in  a  general  way,  although,  just  as  is  the  case  with  animal  cells, 
■exceptions  are  not  wanting,  i.e.  instances  when  by  synthetic  processes  the 
reverse  takes  place. 

General  Morphology 

We  will  first  consider  the  general  morphological  characters  of  bacteria. 
Bacteria  are  single  cells  of  extremely  minute  size,  0"1  to  1/a  '  or  more,  con- 
sisting of  a  protoplasmic  body — mycoprotein  of  Nencki,  and  an  investing 
sheath  of  cellulose.  The  protoplasm  while  active  and  Uving  is  homogeneous, 
when  dead  often  appears  granular  ;  it  has  great  affinity  for  neutral  and  basic 
aniline  dyes,  and  in  this  respect  compares  with  the  substance  of  nuclei  in 
vegetable  and  animal  cells.  There  is  no  evidence  of  the  presence  in  their 
protoplasm  of  any  differentiation  comparable  to  the  nucleus  in  the  animal  or 
vegetable  cell,  although  in  some  individual  cases  such  a  structure  has  been 
mentioned,  but  this,  owing  to  the  methods  of  complex  staining  used  for  its 
demonstration,  is  not  free  from  objection ;  in  the  fresh  state,  and  after  the 
usual  methods  of  staining,  no  differentiation  of  a  nucleus  can  be  recognised  in 
the  active  and  living  cells  constituting  the  elements  of  any  bacterial  species. 
The  protoplasm  does,  however,  show  in  certain  conditions  and  in  certain  species 
differentiation  of  denser  and  less  dense  parts,  causing  a  segregation  of  the 
protoplasm  into  granules  or  particles ;  this  occurs  iix  conditions  generally  taken 
as  indicating  degeneration,  but  in  several  instances,  to  be  mentioned  later,  is 
a  character  belonging  to  the  life  of  the  bacteria.  Similarly,  the  appearance 
of  fluid  droplets  in  the  protoplasm — vacuoles — can  be  noticed  in  certain 
'  1  jn  =  one  micromillimetre  =  one  twenty-five  thousandth  of  an  inch. 
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conditions.  In  some  organisms  granules  of  a  special  chemical  nature  have- 
been  noticed  in  the  protoplasm  (Colin).  The  process  of  vacuolation  is  con- 
stantly noticed  in  conditions  of  fairly  rapid  multiplication  ;  the  bacterial 
element  elongates  more  or  less,  generally  in  the  middle  of  its  protoplasm  a 
vacuole  appears,  and  hereby  the  protoplasm  segregates  into  two  polar  masses. 
Such  forms  are  very  numerously  met  with  in  all  species  of  bacilli,  and  under 
the  most  varied  conditions  of  growth  and  multiplication  ;  often  these  vacuoles 
have  been,  and  still  are,  occasionally  mistaken  for  spores  {see  below).  The- 
cellulose  sheath  invests  closely  the  protoplasm  ;  when  the  cells  degenerate 
the  protoplasm  breaks  down  and  disappears,  and  the  sheath  remains 
empty ;  during  this  process  the  sheath  as  a  whole  swells  up  into  a  jelly,, 
faintly  granular,  and  gradually  loses  altogether  its  outlines.  In  many 
species  of  bacteria  during  rapid  multiplication  the  sheath  gives  rise  to  a 
gelatinous  secretion  surrounding  the  individuals,  in  fact  forming  a  kind  of 
general  matrix — hyaline,  viscous,  and  more  or  less  faintly  granular — for  the 
new  brood,  and  by  this  matrix  a  larger  or  smaller  number  of  the  new  individuals- 
remain  aggregated  together  :  it  is  not  quite  clear  whether  this  matrix  is 
derived  from  a  gelatinous  metamorphosis  of  the  old  sheaths,  or  whether  it  is 
a  secretion  or  new  formation  by  the  new  elements.  When,  in  an  individual, 
the  protoplasm  divides  into  two  masses,  each  of  the  new  offsprings  forms 
its  own  investment,  so  that  the  old  sheath,  swelling  up  into  a  gelatinous 
mass,  persists  as  a  sort  of  binding  matrix  ;  in  all  those  species  in  which,  after 
continued  division,  new  elements  remain  aggregated  together  as  groups, 
(zooglaea,  staphylococcus),  the  gelatinous  matrix  has  this  origin  (Cohn).  In 
other  cases  the  bacteria  become  invested  outside  the  sheath  by  a  gelatinous 
secretion,  which  as  a  narrower  or  broader  hyaline-looking  zone  invests  the  ele- 
ments like  a  capsule,  e.g.  ascococcus  Billrothi,  bacillus  cyanogenus,  bacillus 
pneumonia  of  Friedlander,  and  other  capsulated  cocci  and  bacilli  of  the  same 
tribe.  In  these  instances  of  '  capsulated '  bacteria  the  capsules  are  probably 
special  secretions  and  not  the  old  swollen-up  sheaths,  since  these  capsules 
are  wanting  under  certain  different  conditions  of  soil,  while  they  are  present 
and  well  marked  in  other  conditions,  the  rapidity  of  multiphcation  having  no 
influence  whatever  on  the  presence  or  absence  of  these  capsules.  These 
hyaline  capsules  around  the  sheath  must  not  be  confounded  with  the  swollen- 
up  gelatinous  sheath  of  bacteria  in  certain  phases  of  their  life,  notably  in  the 
degenerative  phases. 

The  affinity  of  the  protoplasm  towards  certain  aniline  dyes  is  greater 
than  that  of  the  sheath,  and  that  of  the  latter  greater  than  of  the  matrix 
and  capsules  above  mentioned,  so  that  on  staining  with  an  aniline  dye,  the 
protoplasm  takes  up  the  dye  quicker  and  more  intensely  than  the  sheath 
or  the  matrix  ;  and  on  withdrawing  the  dye,  by  washing  in  alcohol,  or  water, 
acids,  or  alkalies  or  other  special  methods  {see  below),  the  protoplasm  retains 
it  longest,  the  capsules  and  matrix  least.  For  this  reason  it  will  be  found 
that  by  either  of  these  ways  it  is  possible  to  bring  out  these  three  different 
structures  as  different  tints  of  the  same  dye,  and  further,  that,  owing  to  the 
rapidity  with  which  the  matrix  and  capsules  can  be  deprived  of  the  dye,  a 
second  dye  can  be  applied,  to  be  taken  up  by  them  while  the  protoplasm  and 
sheath  have  still  retained  the  first  dye.  By  these  means  various  double,  and 
even  treble,  stainings  can  be  effected  by  successive  applications  of  different 
dyes.  Acids  and  alkalies,  chloroform,  and  alcohol,  though  affecting  the- 
fresh  protoplasm,  have  no  visible  effect  on  the  sheath,  and  bacteria  acted  upon 
by  these  reagents  remain,  therefore,  unaltered  both  as  to  shape  and  aspect ;  and 
these  chemical  reactions  are  often  resorted  to  for  the  sake  of  differentiating 
bacteria — notably  the  spherical  species — from  similar  forms  of  organic  matter- 
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not  of  bacterial  nature.  This  is  particularly  important  in  the  examination 
of  animal  tissues  in  the  fresh  state,  in  which  tissue  granules  and  rod-like 
forms,  fat  granules,  &c.,  may  easily  give  semblance  to  the  presence  of  bacteria, 
but  the  test  of  acids  and  alkalies  soon  brings  clearness  into  the  matter. 
Other  tests  to  be  presently  described,  such  as  staining  and  cultivation,  are  of 
importance,  and  add  certainty  to  the  diagnosis. 

Size  of  Bacteeia 

The  different  species  of  bacteria  differ  one  from  another  very  considerably 
in  size.  Although  all  are  of  microscopical  size,  yet,  comparing  the  different 
families  and  the  different  species  in  one  family,  sufficient  differences  will  be 
detected  to  enable  us  to  consider  them  as  characteristic.  The  smallest 
bacteria  are  some  of  those  species  which,  owing  to  their  spherical  form,  are 
called  cocci  or  micrococci.^  But  also  amongst  the  micrococci  some  are  of 
considerable  diameter,  1  /jl  or  even  more  ;  in  the  majority  the  individuals  are 
considerably  less,  0*5,  0*4,  and  even  as  small  as  0"1  fx.  But,  as  will  be 
presently  mentioned  of  other  species,  so  also  amongst  the  cocci  of  the  same 
species,  there  occur  the  greatest  differences  in  size  under  various  conditions 
and  in  the  various  phases  of  growth.  In  an  active  state  of  growth,  differ- 
ences amounting  to  two  and  three  and  more  times  in  size  are  noticed  amongst 
the  individuals  of  the  same  species  in  almost  all  media,  sometimes  less  in 
fluid  than  in  sohd  media  ;  for  though  the  great  majority  of  the  individuals 
have  the  same  size,  there  are  always  some  that  are  much  larger.  The  writer 
has  specimens  of  various  species  of  micrococci,  notably  those  capable  of 
forming  chains  or  chaplets  when  growing  in  fluid  media  (streptococci),  in 
which  some  of  the  cocci  are  several  times  the  diameter  of  the  smallest 
individuals  (see  fig.  1).  These  large  cocci  can  be  shown  to  divide  into 
medium- sized  cocci,  and  these  again  into  the  small  normal  individuals. 

Those  forms  of  bacteria  which,  owing  to  their  being  more  or  less  rod- 
shaped,  are  known  by  the  name  of  bacilli  show  a  diameter  greater  in  length 
than  in  thickness.  And  in  the  size  of  both  the  thickness  and  length,  different 
species  vary  very  considerably.  But  it  is  chiefly  the  diameter  in  thickness 
which  is  for  diagnostic  purposes  of  greater  importance  than  that  in  length. 
It  must  be  understood  that  where  in  a  given  species,  growing  in  a  particular 
medium,  the  great  majority  of  the  individuals  possess  a  certain  length,  this 
will  be  taken  as  the  typical  length,  and  is  quite  sufficient  to  serve  for  diagnostic 
purposes  ;  but  in  all  species  of  bacilh,  according  to  the  phase  of  growth  of 
the  individuals,  the  length  of  the  rods  is  subject  to  very  great  variations.  In 
characterising  the  length  of  these  individuals,  it  is  therefore  necessary  to- 
give  the  length  of  the  shortest  and  the  longest  individuals.  But  whatever 
the  length  of  the  different  individuals,  their  thickness  is  almost  uniform,  and 
therefore  this  would  be  of  greater  importance  than  the  length.  As  a  matter 
of  fact,  in  not  a  few  species  of  bacteria,  with  which  we  shall  become  acquainted 
in  the  course  of  this  work,  the  individuals  often  vary  between  slight  ovals  of 
0*5  ju,  in  length,  and  long  cylinders  of  5  /a  or  more,  and  it  would  therefore  not 
be  quite  correct  to  say  that  the  average  length  of  the  cylindrical  cells  is  about 
3  to  4  /A,  though  there  may  be  in  a  particular  species  numerous  individuals  of 
that  length ;  but  notwithstanding  these  gross  differences  in  the  length  of 
the  cells,  the  thickness  is  uniform,  though  a  few  noteworthy  exceptions  are 
also  here  noticeable,  as  will  be  mentioned  later  on. 

'  The  name  '  micrococci '  was  first  applied  by  Hallier  to  the  granules  contained  in  some 
of  his  '  spores,'  which  gi-anules  becoming  free  after  bursting  of  the  '  spores  '  germinate  into 
various  forms  of  microphytes.     HSkkos  means  a  kernel. 
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Another  important  point,  apart  from  the  variations  due  to  phase  of  growth, 
is  the  influence  on  size  of  the  medium  in  which  the  bacteria  are  growing. 
This  is  in  many  instances  considerable.  One  of  the  best  cases  is  that  of  the 
bacihus  anthracis,  though  many  other  species  (micrococci  and  bacilli)  behave 
in  a  similar  manner.  Bacilli  of  anthrax  taken  from  the  blood  of  an  animal  dead 
from  virulent  anthrax  are  a  little  more  than  half  the  thickness  of  the  bacilli 
grown  in  neutral  broth  or  neutral  gelatine  ;  the  majority  of  the  rods  of  the 
former  are  in  suitably  prepared  specimens  made  up  of  short,  almost  cubical 
cells,  while  of  the  latter  the  majority  of  the  rods  are  distinctly  cylindrical. 
But  also  the  bacilli  of  anthrax  derived  from  different  species  of  animals  dead 
of  anthrax  show  differences  in  thickness  and  length.  The  same  can  be  said  of 
other  bacilli  (bacillus  of  typhoid  fever,  of  swine  fever,  of  tubercle,  cholera, 
and  others),  both  as  regards  length  and  thickness  when  growing  in  different 
media. 

From  all  these  considerations  it  follows  that  by  naming  a  certain  size  as 
characteristic  of  the  individuals  of  a  species  it  is  necessary  to  name  also  the 
source  from,  or  the  medium  in  which,  they  have  been  growing,  and  the  phase 
of  growth  or  length  of  time  they  have  been  growing,  and,  further,  in  the  case  of 
bacilli,  to  give  the  length  of  the  shortest  as  well  as  thelongest  single  individuals, 
or  when  the  great  majority  are  of  a  uniform  size  to  state  this  as  the  typical 
length. 

Shape  of  Bacteeia 

The  first  scientific  classification  of  bacteria  based  on  difference  in  shape 
was  given  by  F.  Cohn,  and  has  been  and  still  is,  regarded  as  the  most 
practical  one,  although  within  recent  years  it  has  undergone  some  not 
unimportant  modifications.  Cohn  divided  bacteria  according  to  shape 
into  :  [a]  spherical  or  micrococci ;  [b)  oval  or  bacterium  proper,  length  only 
twice  the  thickness ;  (c)  cylindrical  or  bacilli,  length  more  than  twice  the 
thickness  ;  {d)  curved  or  vibrio,  and  (e)  spiral  or  spirilla,  to  which  may  be 
added  the  folded  and  long  spirals  or  spirochetse.  Eecent  research  has  shown 
that  the  second  division — i.e.  the  oval  species  of  bacterium  proper — cannot 
stand  as  a  separate  species  or  rather  group  of  species,  since  more  accurate 
observation  has  shown  that  also  amongst  these  some  of  the  individuals 
attain  the  cylindrical  shape.  This  group  is  therefore  merged  into  the 
bacilli.  Likewise,  it  has  been  shown  that  group  {d)  cannot  be  separated 
from  group  (e),  since  the  individuals  of  the  species  of  group  (d)  in  continued 
growth  attain  the  shape  of  spirals,  and  vice  versd,  that  some  of  the  spi- 
rillar forms  are  made  up  of  individuals  comparable  to  those  of  group  [d). 
And  lastly,  the  spirochet^e  cannot  stand  as  a  separate  group  and  must  be 
merged  with  those  of  the  spirilla.  So  that  at  present,  according  to  shape, 
only  three  groups  can  be  correctly  distinguished,  viz.  (1)  cocci  ;  (2)  bacilli ; 
and  (3)  spirilla  ;  the  first  comprises  those  species  in  which  no  matter  what 
the  phase  or  the  medium  is,  the  individuals  are  spherical  or  nearly  spherical ; 
to  the  second  group  belong  all  those  species  in  which  the  individuals  may 
attain  the  rod  or  cylindrical  shape  ;  and  in  the  third  the  individuals  are 
curved  and  may  form  spirals. 

1.  The  Cocci. — A  species  in  which  the  individuals  are  never  cylindrical 
or  rod-shaped  cells,  but  are  always  more  or  less  spherical,  is  called  a 
micrococcus.  But  there  are  considerable  differences  amongst  these  and  also 
amongst  the  individuals  of  the  same  species  ;  for  in  almost  all  these  species 
there  are  phases  of  growth,  in  which  the  majority  of  individuals  are  not 
exactly  spherical,  but  are  either  crescentic  or  dumb-bell-shaped — diplococci.^ 

*  SnrAovs,  double. 
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IBoth  these  represent  a  phase  in  the  division  of  the  individuals ;  and  here 
again  the  daughter  cells  may  be  in  immediate  contact  or  may  be  already 
well  separated  one  from  another,  according  to  whether  they  are  in  the  act  of 
dividing  or  already  divided  ;  in  the  latter  case,  as  much  matrix  will  be  found 
separating  the  new  offsprings  as  in  those  that  have  completely  divided :  in 
"this  last  case  the  individuals  have  the  same  spherical  shape.  In  fig.  2, 
numerous  dumb-bell  forms  are  shown,  in  which  the  cocci  are  spherical ; 
in  fig.  1,  dumb-bells  are  seen  in  which  the  cocci  are  crescentic  ;  and  in 
fig.  5,  single  cocci  are  shown,  all  of  uniform  spherical  form. 

'  Careful  examination  has  proved  that  some  species  which  in  former  years 
were  considered  as  belonging  to  the  group  of  micrococci  are  really  bacilli, 
since  under  certain  conditions  of  growth  and,  in  certain  phases,  there  are 
oval  and  even  cylindrical  individuals  to  be  found  amongst  them,  e.g.  the 
pink  organism,  formerly  spoken  of  as  Micrococcus  prodigiosus,  has  been 
shown  to  be  really  a  bacillus  ;  the  organism,  held  by  Friedlander  and  others 
to  be  one  of  the  organism  of  croupous  pneumonia,  and  called  the  pneumo- 
coccus,  is  really  a  bacillus,  called  now  the  bacillus  of  Friedlander,  and 
many  other  species  which  at  first  sight  appear  in  certain  preparations  to 
be  cocci,  and  cocci  only,  but  under  other  conditions  of  growth  are  shown 
to  be  bacilli ;  e.g.  the  organism  which  is  shown  in  fig.  8  and  which  is  the 
organism  of  grouse  disease.  This  microbe  appears  in  the  grouse  as  cocci 
and  diplococci,  many  spherical,  some  also  oval,  few  rod-shaped  ;  but  nume- 
rous cylindrical  forms  exist  in  certain  artificial  cultures  (broth)  and  in  guinea- 
pigs  and  mice,  inoculated  with  them. 

A  special  form  of  cocci"  is  represented  by  sarcina.  Under  this  name  are 
understood  those  species  of  micrococci  which,  owing  to  a  rapid  and 
repeated  subdivision  of  the  cocci  in  vertical  lines,  form  groups  of  four  cocci 
and  multiples  thereof.     "When  a  coccus  divides  into  a  dumb-bell  or  diplo- 

■  coccus,  and  each  of  these  again  divides  in  a  direction  vertical  to  the  previous 
one,  a  group  of  4  cocci  is  formed — Micrococcus  tetragonus  (fig.  4).  In  these 
groups  each  two  cocci  are  crescentic  with  one  more  or  less  straightened  side, 
or  they  are  even  ^square  cut ;  by  further  division  of  each  coccus,  the  group 
increases  from  4  to  8,  16,  32,  and  more;  but  in  these  the  cocci  are  always 
more  or  less  subgrouped  in  fours — Sarcina  kctea  (fig.  3).  Now,  some  species 
of  cocci  show  under  certain  conditions  of  growth  this  tetragonal  arrangement 
or  grouping  in  fours  in  a  conspicuous  manner,  others  show  it  only  im- 
perfectly ;  but  even  those  that  show  it  conspicuously  under  certain  conditions 
show  it  less  or  in  a  not  at  all  pronounced  degree  under  other  conditions  of 
growth. 

When  owing  to  repeated  division  the  cocci  remain  aggregated  in  larger 

■  or  smaller  groups,  which  themselves  gradually  extend  as  reproduction 
proceeds,  and  are  connected  by  streaks  of  cocci  in  a  more  or  less  irregular 
fashion,  such  cocci  are  called  staphylococci  (staphylis,  a  bunch  of  grapes),  to 
distinguish  them  from  a.  species  of  cocci  which,  after  division,  remain 
joined  in  a  linear  series.  By  this  latter  method  of  division  chaplets  or 
chains  of  cocci  are  formed  which,  according  to  the  number  of  subdivisions, 
are  shorter  or  longer ;  such  a  chain-forming  coccus  is  called  streptococcus 
{streptos,  bent,  twisted),  because  generally  these  chains,  particularly  when 
long,  are  more  or  less  wavy  and  twisted.  In  these  chains  the  cocci  are  often 
arranged  as  dumb-bells,  this  indicating  the  actual  phase  of  division  or  one 
immediately  after  ;  in  others,  the  cocci  are  of  equal  distance,  indicating  the 
phase  before  division  of  the  individual  cocci  has  commenced.  Always, 
however,  one  meets  with  individual  cocci  in  chains  which  are  consider- 
ably larger  than  the  rest ;  these  are  found  either  in  the  chain  or,  more 
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commonly,  at  one  end;  in  the  latter  case  they  are  sometimes  club-  or  pear- 
shaped.  Whether  these  larger  cells  represent  a  particularly  active  element- 
or  one  that  has  undergone  involution,  is  not  easily  to  be  made  out.  From 
what  will  be  stated  below  of  similar  forms  of  bacilli,  the  writer  is  inclined  to^ 
think  that  they  are  not  involution  forms,  but  indicate  an  altogether  different 
phase,  \az.  atavism  or  a  reversion  to  an  antecedent  form  in  the  history  of 
the  evolution  of  the  cocci. 

2.  The  Bacilli. — All  bacilli  are  rod-shaped  or  cylindrical  cells,  which 
differ  one  from  another  in  the  length  and  thickness  of  the  cells.  In  the 
same  species,  as  mentioned  above,  there  occur  the  greatest  differences  as 
regards  the  length  of  the  rods.  While  in  a  good  many  species,  to  be  here- 
after more  minutely  described,  even  the  shortest  or  youngest  elements  are- 
distinctly  cylindrical,  there  are  numerous  species  in  which  the  youngest 
elements  do  not  differ  from  spherical  or  crescentic  cocci ;  these  are  then 
chiefly  arranged  as  diplococci  and  represent  a  rapid  mode  of  division  of 
young  elements  ;  but  there  are  present  already  in  early  stages  elements  which 
are  distinctly  cylindrical,  and,  as  growth  proceeds,  these  cylindrical  elements 
increase  in  number  and  in  length.  We  could  name  here  a  long  series  of  species 
of  pathogenic  bacilli,  which,  when  taken  from  the  blood  of  an  animal,  or 
growing  on  gelatine  or  agar  mixture,  show  in  the  earlier  stages  the  majority 
of  the  elements  as  oval  rods  ;  some,  like  dumb-bells,  constricted  in  the 
middle;  but  in  broth  cultures  there  are  also  noticeable  numerous  cylindrical 
elements  in  the  early  stages.  After  a  few  days'  growth  on  sohd  media 
(gelatine,  agar)  numerous  cyhndrical  elements  are  met  with.  Thus,  the 
microbes  known  as  connected  with,  and  causing  rabbits'  and  pigeons'  septi- 
cemia of  Davaine  and  Koch,  the  organism  of  swine  fever  and  of  Wildseuche, 
of  infectious  fowl  enteritis,  of  guinea-pigs'  septicemia,  of  fowl  cholera,  of 
the  Middlesbrough  (human)  pneumonia,  of  grouse  disease,  the  bacillus  of 
Friedlander  and  several  species  allied  to  this,  the  bacillus  pyocyaneus, 
the  bacillus  of  veal  and  pork  pie,  and  others  when  taken  from  the  blood  or 
tissues,  or  from  early  cultures  on  solid  media  (gelatine  or  agar  mixture) — all 
these  are  like  diplococci  or  slightly  oval  organisms  ;  when  examined,  after 
a  few  days'  growth  on  these  media,  they  are  ia  numerous  individuals  cyhn- 
drical, some  four  or  five  times  longer  than  they  are  thick. 

All  these  species  taken  from  early  cultures  on  gelatine  or  agar 
mixture,  or  from  the  blood  and  tissues,  would  in  former  years  have  been 
regarded  as  belonging  to  Cohn's  group  of  bacteria  proper.  But  also  in 
species,  about  whose  bacillary  nature  there  never  was  any  question, 
some  indi\iduals  occur  in  all  cultivations  which  do  not  differ  from  cocci 
and  diplococci,  being  spherical  or  sHghtly  oval  cells,  singly,  or  more 
commonly  as  dumb-bells  ;  such  is  the  case  with  the  tubercle  bacillus,  with 
the  bacillus  of  diphtheria,  and  with  a  variety  of  species  of  non-pathogenic 
bacilli.  But  here  the  question  whether  or  not  they  are  bacilli  is  at  once 
answered  by  the  occurrence  in  the  same  preparations  of  numerous,  or  even 
the  majority  of,  cyhndrical  elements. 

Now,  the  opinion  has  been  repeatedly  expressed  by  various  observers 
(Naegeli,  Lankester,  Zopf,  and  others)  that  there  exists  no  well-marked 
boundary  between  the  different  forms  separated  by  Cohn  as  micrococci,  as 
bacilli,  and  as  spirilla,  on  account  of  the  transitional  forms  between  each  of 
the  two  groups.  As  we  have  shown  above,  numerous  species  of  bacilli 
exist,  in  each  of  which  cocci,  cylindrical  forms  and  intermediate  forms,  do 
occur  ;  but  does  this  justify  us  in  saying  that  between  the  species  of  micrococci 
and  those  of  bacilli,  intermediate  species  occur,  and  that  tliere  is  no  definite 
boundary  between  them  ?    Clearly  not.    In  those  species  that  are  micrococci,. 
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tlie  elements,  -ander  every  condition  of  growth  that  has  been  tried,  always 
appear  as  cocci,  either  singly  or  as  diplococci,  as  staphylococci  or  as 
streptococci,  as  the  case  may  be,  and  never  as  cylindrical  rods  :  these  are 
clearly  and  decidedly  species  of  micrococci.  In  some  of  the  species  of 
bacilli,  on  the  other  hand,  the  youngest  forms  may  not  be  larger  than  a 
spherical  or  cubical  mass  of  protoplasm,  may  therefore  not  differ  morpho- 
logically from  a  coccus,  but  have  the  power  to  elongate  into  rod-  or  cylin- 
drical-shaped cells  ;  in  other  species,  again,  even  the  youngest  elements  are 
as  a  rule,  cylindrical,  although  also  here  amongst  these  well-pronounced 
bacillary  forms  under  certain  conditions  some  elements  appear  almost 
spherical  or  cubical,  e.g.  bacillus  anthracis,  bacillus  of  tubercle,  bacillus  of 
diphtheria,  as  will  be  shown  later  on  ;  and  the  same  holds  good  also  for  some 
of  the  species  which  are  spirilla,  for,  as  we  shall  presently  show,  the  youngest 
forms  also  of  these  appear  as  mere  spherical  or  oval  masses  of  protoplasm, 
capable  of  elongating  into  more  or  less  curved  rods  and  cylinders,  and 
these  by  continued  growth  elongate  into  wavy  or  spirally  twisted  chains 
or  threads.  But  because  in  a  certain  state  they  are  like  cocci,  we  shall  not 
put  them  down  as  micrococci,  and  because  between  the  cocci  forms  and 
the  spirillar  forms  intermediate  shapes  occur,  we  shall  not  consider  them  as 
indicating  a  change  of  species,  as  if  micrococci  were  to  change  into  spirilla  ; 
but  since  in  their  adult  phase  they  grow  into  spirilla,  we  shall  call  such 
species  spirilla. 

An  organism  has  been  minutely  described  by  Zopf  as  Gladothrix  dichotoma: 
in  this  organism  there  is  no  doubt  that  cocci,  straight  rods,  isolated  and  in 
chains,  and  shorter  or  longer  spirilla  do  occur,  but  it  is  not  at  all  permissible 
to  consider  this  as  evidence  that  between  the  three  groups  of  bacteria,  viz. 
micrococci,  bacilli,  and  spirilla,  there  is  no  definite  boundary  line.  The 
cocci-form  of  the  Gladothrix  dichotoma  when  sown  on  the  different  media 
will  again  give  rise  to  Gladothrix  dichotoma,  and  will  never  become  or 
grow  as  micrococci ;  and  if  the  bacillary  forms  of  this  microbe  are  watched 
in  their  growth,  it  will  be  seen  that  some  of  them  again  give  rise  to  spirilla. 
This  same  phenomenon  can  be  easily  ascertained  in  some  of  the  typical 
spirillar  species,  e.g.  the  spirillum  of  Finkler,  of  Koch,  the  spirillum  of 
noma.  In  all  cultures,  after  a  few  days'  growth,  forms  show  themselves  which 
do  not  differ  from  cylindrical  bacilli,  in  which  a  curve  of  the  rods  is  very 
slightly  or  not  at  all  indicated ;  they  appear  as  single  rods,  as  dumb-bell 
rods,  or  as  slightly  wavy  chains  or  threads,  yet  on  further  growth  they  are 
capable  of  becoming  curved  and  assuming  the  spirillar  form. 

We  conclude  then  that  if  a  certain  species  under  all  conditions  of  growth 
is  and  remains  spherical  or  nearly  so,  we  have  to  deal  with  a  species  of 
micrococcus  ;  if,  on  the  other  hand,  a  certain  microbe  grows  into  cylindrical 
elements  more  or  less  straight,  it  is  a  species  of  bacillus ;  and  lastly,  if 
it  grows  into  curved  rods  and  more  or  less  spirillar  forms,  it  is  a  species  of 
spirillum. 

Many  species  of  bacillus  form  chains  by  linear  arrangement,  that  is,  the 
offsprings  of  one  element  after  division  remain  attached  one  to  another  end 
to  end  ;  these  chains  may  be  composed  of  few  or  many  rods,  according  to  the 
number  of  subdivisions  that  have  taken  place  ;  and  in  this  way  short  or  long 
threads  may  be  formed.  These  are  spoken  of  as  leptothrix.  Some  species 
of  bacillus  have  this  power  of  growing  out  into  threads  in  a  very  high 
degree ;  these  species  are  very  numerous,  and  their  type  is  represented  by 
the  bacillus  subtilis  of  hay  infusion,  and  by  the  bacillus  anthracis.  The 
threads  are  either  more  or  less  straight  or  wavy  and  often  like  coils,  the 
individual  threads  being  more  or  less  twisted  one  round  another.     When 
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viewed  in  the  fresh  state  they  appear  smooth  and  uniform,  but  after  staining, 
they,  hke  the  shorter  and  shortest  chains,  are  seen  to  be  really  only  linear 
series  of  rods  or  cyhnders.  In  such  chains  the  individual  cells  are  more  or 
less  of  uniform  length  and  thickness  ;  but  there  are  not  wanting  such  chains 
and  threads,  in  which  successive  or  distinct  elements  differ  considerably  in 
length  and  also  occasionally  in  thickness.  Fig.  14  shows  threads  composed 
of  rods  of  equal  length  and  thickness  ;  fig.  19  shows  threads  of  the  same 
species,  in  which  the  elements  show  a  difference  both  in  the  length  and  thick- 
ness. Particularly  the  difference  in  the  length  of  the  rods  is  instructive,  since 
it  shows  that  this  is  merely  a  phase  of  development ;  the  most  recent  divisions 
or  the  youngest  forms  being  shorter,  cubical,  or  even  like  cocci,  the  older 
forms  more  cylindrical.  This  is  also  very  well  XDronounced  in  tubercle 
bacilli,  as  will  be  illustrated  below.  Occasionally  in  a  chain  the  rod-shaped 
elements  follow  one  another  as  dumb-bells,  evidently  indicating  a  phase  of 
simultaneous  division  of  the  cylindrical  elements  of  a  chain. 

When  bacilh  are  stained  with  aniline  dyes  and  then  sufficiently  washed, 
they  all  show  certain  well-marked  appearances:  (1)  the  sheath,  (2)  the  proto- 
plasmic contents.  The  sheath  appears  as  a  thin  faintly  stained  investment. 
When  baciUi  are  arranged  in  dumb-bells  or  double-rods,  or  in  shorter  or 
longer  chains  and  filaments,  there  is  always  a  thin  septum  passing  between 
two  serial  rods ;  the  whole  chain  or  thread  appears  invested  by  a  common 
continuous  sheath  from  which  pass  transverse  septa  which  separate  the 
individuals  crossways  ;  it  is  also  noticed  that  the  protoplasm'  of  the  indi- 
vidual rods  is  as  a  rule  in  much  closer  contact  with  the  sheath  than  with 
the  transverse  septa.  The  protoplasm  is  either  uniformly  stained,  or,  as 
is  not  uncommon,  it  shows  at  the  ends  of  each  rod  much  deeper  staining 
than  in  the  middle,  that  is  to  say,  there  is  denser  protoplasm  at  the  ends  of 
the  rods  than  in  the  middle.  In  the  short  individuals  this  often  gives  a  very 
characteristic  appearance,  inasmuch  as  each  rod  appears  made  up  of  three 
parts  of  equal  size  :  two  terminal  stained  granules  and  a  middle  clear  unstained 
part.  As  just  stated,  this  is  not  pecuhar  to  any  one  species,  but  can  be  noticed 
in  all  species ;  it  is  particularly  conspicuous  in  those  in  which  the  young 
elements  are  short,  e.g.  fowl  cholera,  fowl  enteritis,  septicemia  of  rabbit, 
swine  fever,  &c.,  &c.  (fig.  7).  But  also  amongst  the  longer,  i.e.  cylindrical 
elements,  the  middle  part  of  the  rod  very  often  appears  unstained  and  clear, 
while  the  protoplasm  at  the  end  is  denser  and  stained ;  the  middle  clear  part 
is  at  the  same  time  more  or  less  well  marked  off  with  rounded  outline, 
spherical  or  oval  in  shape,  and  represents  a  vacuole ;  occasionally  the  stained 
protoplasm  is  central  while  the  unstained  parts,  the  vacuoles,  are  terminal. 
Such  vacuoles  are  very  common  in  all  species  of  baciUi  ;  they  (vacuoles)  are, 
however,  more  frequently  met  with  mider  conditions  which  imply  want  of 
sufficient  nutritive  material,  as  for  instance  when  bacilli  grow  on  solid  media 
(gelatine,  agar  mixture,  potato),  and  when,  owing  to  the  continued  grovrth 
into  the  depth  of  the  medium,  the  first  formed  or  superficial  layer  becomes 
gradually  removed  from  the  nutritive  material ;  in  this  superficial  layer  the 
vacuoles  in  the  rods  are  very  conspicuous  ;  in  preparations  made  of  thread- 
forming  bacilli  under  the  above  conditions  of  growth  these  appearances,  i.e. 
the  presence  of  vacuoles  regularly  disposed  in  the  indiNidual  rods,  are  very 
striking  (fig.  17). 

But,  as  before  stated,  the  presence  of  vacuoles  in  the  rods  is  also  found 
under  other  than  the  above  conditions,  in  some  species  more  numerously  than 
in  others,  and  more  often  where  rapid  growth  takes  place  than  where  this  is 
not  the  case.  This  vacuolation  is  not  indicative  of  any  degenerative  change — 
any  more  than   in  the  mycelial  threads  of  fungi  where  it  is  well  known 
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and  typical — but  seems,  in  some  cases  at  any  rate,  to  be  due  to  the  medium 
in  which  the  bacilh  grow  containing  comparatively  less  nutritive  material : 
not  only  in  bacilli,  but  also  in  the  individuals  composing  a  spirillum  are 
these  vacuoles  to  be  observed.  In  cylindrical  bacilli  these  vacuoles  may  be, 
and  sometimes  have  been,  mistaken  for  spores. 

The  ends  of  bacilli  are  generally  rounded,  occasionally  straight,  and  less 
frequently  more  or  less  pointed  or  conical  at  one  or  both  ends.  In  ba- 
cillus anthracis  the  ends  are  generally  more  or  less  straight ;  in  the  bacillus 
of  diphtheria  grown  on  gelatine  many  bacilh  show  one  end  pointed,  the  other 
i*ounded  or  straight  and  thick. 

In  many  species  one  or  both  ends  of  the  rods,  or  the  free  end  of  the  rods 
forming  the  terminals  in  a  chain,  are  swollen  and  thick,  spherical,  round, 
pear-shaped,  or  club-shaped ;  occasionally  there  are  some  elements,  in  the 
middle  of  a  shorter  or  longer  chain,  swollen,  spherical,  or  oval.  Such  forms 
are  considered  as  involution  forms,  but  there  are  good  grounds  for  doubting 
this,  and  the  reasons  will  be  stated  later  on  in  connection  with  the  evolution 
of  bacteria.  When  in  a  chain  of  rods,  i.e.  in  a  thread,  the  individual  rods 
become  so  changed,  an  organism  results  which  is  totally  unlike  the  typical 
thin  smooth  thread,  but  appears  more  like  a  varicose  thread  in  which  the 
individuals  are  torula-like,  spherical,  or  spindle-shaped  cells,  connected  by 
thin  bridges,  the  cells  being  three  or  more  times  as  thick  as  the  typical  rods 
(fig.  70).  In  connection  with  this  and  the  former  appearance,  another  ap- 
pearance deserves  notice,  viz.  the  segregation  of  the  protoplasm  in  a  chain 
or  in  individual  rods  as  separate  spherical  or  oval  granules,  whereby  the 
rods  and  chains  become  transformed  into  varicose  rods  or  fibres  ;  in  these  the 
granules  take  and  retain  the  dye  easily,  whereas  the  bridges  between  them 
are  less  stained ;  in  the  tubercle  bacilli,  leprosy  bacilli,  diphtheria  bacilli, 
and  others  this  appearance  is  sometimes  very  regular  and  characteristic 
(fig.  78). 

3.  The  Spirilla. — The  individuals  of  spirilla  are  rod-shaped  or  cylindrical, 
but  more  or  lesa  curved,  representing  the  arc  of  a  smaller  or  larger  circle ; 
they  are  also  called  comma-bacilli,  ^  their  ends  are  rounded,  or  not  unfre- 
quently  slightly  pointed.  As  regards  the  amount  of  curvature  there  exist 
the  greatest  varieties,  not  only  amongst  the  different  species,  but  also  within 
the  same  species.  Thus,  for  instance,  in  the  cholera  spirilla,  in  Finkler's 
spirilla,  and  in  spirilla  which  were  found  in  the  intestinal  mucus  of  apes 
affected  with  diarrhoea,  one  sees  some  elements  of  the  shape  of  small  semi- 
circles, while  many  others  only  just  show  an  indication  of  a  curvature.  But 
the  same  species  grown  on  different  media  shows  remarkable  differences  as 
regards  the  curvature  of  the  ends.  When  growing  for  several  days  the 
comma-bacilli  form  longer  or  shorter  chains,  which  are  wavy  or  more  or  less 
spiral ;  this  depends  obviously  on  the  curvature  of  the  individuals  from  which 
such  a  chain  is  derived.  When  growing  in  fluids,  some  species  of  comma- 
bacilli  form  well-pronounced  uniform  spirals ;  also  in  solids,  some  chains  are 
more  distinctly  spiral  than  others,  some  being  only  slightly  wavy,  while 
others  are  uniformly  spirally  twisted — sometimes  the  turns  of  the  spirals  are 
very  close,  sometimes  more  open.  The  spirals  are  in  some  cases  uniform, 
e.g.  in  relapsing  fever,  and  it  is  difficult  to  show  that  they  are  made  up  of 
curved  rod-like  elements,  while  in  others  (cholera)  many  of  the  spirals  are 
distinctly  jointed.     There  exist  very  considerable  differences  in  the  thickness 

'  The  name  comma-bacilli  was  first  applied  by  Koch  to  the  cholera  spirilla,  owing  to 
their  likeness  in  shape  to  a  German  comma,  which  is  simply  a  slightly  curved  rod  ;  the 
word  cholera  bacilli  for  these  microbes  is  reprehensible,  because  they  are  spirilla  and  not 
bacilli. 
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of  the  spirals  in  the  different  species,  and  in  the  thicker  species  the  jointed 
character  of  the  spirals  is  more  easily  demonstrated  than  in  the  thinner 
species.  The  individual  comma-hacilh  in  stained  and  well-washed  specimens 
show  the  same  distinction  into  sheath  and  protoplasm  as  was  mentioned  of 
the  baciUi,  and  also  the  presence  of  a  vacuole  in  the  middle  of  the  individual 
comma-bacilli  and  the  terminal  easily  stained  collections  of  protoplasm. 
Though  in  some  species  of  bacilli,  e.g.  bacillus  of  glanders,  bacillus  of 
diphtheria,  there  exist  rods  which  are  more  or  less  curved,  they  do  not  form 
spirals,  and  their  curved  character  is  not  permanent ;  but  in  the  true  spirilla, 
however  slight  the  curvature  of  some  elements — and  in  some  species  and 
under  some  media  the  curvature  of  some  of  the  elements  is  very  slight  indeed 
— they  nevertheless  are  capable  of  forming  spirals.  Thus  the  writer  has  seen 
even  anthrax  bacilli  growing  on  alkaline  gelatine  assuming  a  very  markedly 
curved  shape,  while  Finkler's  spirilla,  or  those  found  in  noma  and  in  Asiatic 
cholera,  appear  in  some  media  only  to  show  the  very  slightest  curve ;  but 
from  subcultures  of  the  above  anthrax  bacilli  in  broth  or  gelatine  the  typical 
straight  anthrax  bacilli  result,  while  of  the  above  spirilla  subcultures  made 
in  broth,  in  gelatine,  &c.,  the  typical  spirilla  will  be  the  result.  This  shows 
that  the  first,  though  they  may  occasionally  become  curved  rods,  are  not 
spirilla  but  bacilli,  and  the  latter,  though  the  individuals  may  occasionally 
appear  almost  straight,  are  not  bacilli  but  spirilla. 

Motility 

One  of  the  most  interesting  phenomena  shown  by  bacilli  is  the  power 
of  active  locomotion  possessed  by  some  species.  When  examined  under  the 
microscope  in  a  fluid  medium  all  bacteria  show  the  kind  of  oscillation 
known  as  Brownian  molecular  movement ;  but  in  some  species  there  is  an 
active  locomotion,  by  which  the  individual  bacteria  are  enabled  tomove  actively 
and  to  change  their  place  ;  this  movement  shows  itself  either  by  the  bacteria 
darting  with  great  rapidity  across  the  field  of  the  microscope  in  one  or  another 
direction,  or  spinning  round  with  greater  or  lesser  velocity,  or  briskly  moving 
like  a  screw  in  one  direction  and  then  back  again.  Observing  a  single  straight 
bacillus  in  its  movement,  either  a  darting  or  spinning  movement  in  one 
direction  is  noticed  ;  when  two  such  bacilli  are  connected  endwise,  but  bent 
one  to  another  under  an  angle,  then  often,  with  a  forward  or  backward 
movement  of  the  one,  a  spinning  movement  of  the  other  is  noticed,  the 
former  not  really  actively  moving  but  being  simply  propelled  by  the  spinning 
movement  of  the  latter  bent  under  an  angle.  When  comma-baciUi  or  spirilla 
move,  the  motion  is  always  more  or  less  spiral. 

When  longer  chains  or  leptothrix  of  bacilh  move,  the  movement  is  always 
more  or  less  serpentine.  The  locomotion  of  bacilli  is  either  rapid  or  slow ;  the 
latter  may  be  a  character  of  the  species,  that  is  to  say,  the  individuals  as  a 
rule  show  only  a  relatively  slow  movement,  e.g.  typhoid  bacilli  generally 
move  comparatively  slowly,  and  the  longer  bacilli  move  in  a  serpentine  manner. 
The  mobile  individuals  do  not  continue  to  move  indefinitely,  since  often  an 
individual  which  has  been  spinning  round  or  darting  about  gradually  comes 
to  rest  and  remains  so  for  some  time  ;  besides  this,  all  motile  bacilli  during  the 
phase  of  division  are  at  rest,  and  when  they  form  groups,  i.e.  when  they 
are  in  an  active  state  of  division,  they  do  not  move.  But  of  such  groups  here 
and  there  an  individual  may  be  seen  to  separate  itself  from  the  margin 
and  to  move  briskly  away  ;  on  breaking  up  a  group,  crowds  of  motile 
bacilli  sally  forth.  The  writer  has  watched  single  bacilli  of  the  human 
Middlesbrough  pneumonia  spinning  round  with  great  velocity  without  much 
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■clianging  their  place.  One  and  the  same  bacillus  was  noticed  to  spin  round  for 
five  minutes  without  any  diminution  in  its  velocity  ;  then  this  gradually 
lessened,  and  ultimately,  after  further  five  minutes,  the  organism  came  to 
rest.  When  a  drop  of  broth  was  added,  the  spinning-round  commenced  again 
with  great  vigour.  Some  mobile  bacilli  show  motility  under  a  certain  condi- 
tion and  not  under  others  ;  others  again  show  it  under  all  conditions.  Thus, 
for  instance,  many  individuals  of  the  bacillus  of  the  Middlesbrough  pneu- 
monia show  active  locomotion  in  specimens  made  of  gelatine  and  agar 
cultures  ;  made  of  broth  cultures  the  motility  of  many  individuals  is  observ- 
able only  while  the  broth  cultures  are  of  recent  date — 24-48  hours  old  ;  later 
on  only  very  few  motile  individuals  are  met  with.  The  loss  of  motility  may 
be  and  sometimes  is  due  to  chemical  by-products  in  the  cultivation  (see 
bacillus  of  grouse  disease  and  of  pneumonia).  Some  species  of  motile  bacilli 
when  growing  on  a  solid  medium  are  capable  by  their  locomotion  of  dis- 
tributing themselves  from  a  given  point  rapidly  over  and  through  the  medium, 
-e.g.  certain  species  of  bacilli  known  as  proteus  of  Hauser,  certain  species  of 
the  potato  bacilli,  &c. ;  this  phenomenon  is  spoken  of  as  '  swarming — thus, 
when  a  colony  of  such  bacilli  appears  on  gelatine,  agar  mixture,  or  potato, 
irregular  streaks  and  lines  and  patches  of  the  growth  are  soon  seen  extending 
in  different  directions,  this  being  due  to  the  swarming  of  the  bacilli  from  the 
first  colony  and  the  establishment  of  new  colonies  by  the  former.  There 
exist  great  differences  in  this  respect  between  different  species  of  motile 
bacteria,  for  while  some  species  do  not  swarm  at  all  and  their  colonies  on 
solid  media  remain  locahsed  and  more  or  less  well  defined,  though  they 
gradually  enlarge  (e.g.  bacillus  subtilis,  bacillus  fluorescens,  some  species  of 
proteus,  and  many  spirilla),  other  species  possess  this  swarming  propensity, 
and  therefore  the  first  colonies  do  not  remain  well  defined,  but  gradually 
extend  in  lines  and  irregular  streaks  in  different  directions-  But  it  is  not 
correct  to  conclude  that  a  bacillus  is  motile  if  its  colonies  do  not  remain 
defined,  that  is,  if  they  extend  in  the  shape  of  threads  or  irregular  streaks 
on  or  through  the  medium,  for  there  exist  several  well-studied  species  which 
do  this  (e.g.  bacillus  anthracis,  bacillus  filamentosus),  though  their  bacilli 
are  not  motile,  as  will  be  more  minutely  described  when  speaking  of  the 
cultural  characters  of  bacilli. 

When  certain  bacilli  show  only  slight  motility  ifc  may  be  extremely 
difficult  to  distinguish  this  from  Brownian  molecular  movement,  but  no 
locomotion  can  be  ascribed  to  bacilli  unless  one  or  the  other  individual  can 
be  distinctly  seen  to  show  a  darting  or  spinning  movement.  As  mentioned 
above,  the  easiest  and  best  way  to  see  locomotion  is  to  examine  the  fresh 
bacilli  in  a  fluid,  as  sterile  broth  or  sterile  salt  solution  in  the  '  suspended 
drop.' 

The  motility  of  bacilli  and  spirilla  is  due  to  their  possessing  at  one,  and 
occasionally  at  both  ends,  or  also  over  the  general  surface,  fine  flagella  or  cilia, 
the  movement  of  which  causes  the  motility  of  the  microbe.  Where  two  or 
more  microbes  are  connected  into  a  chain  or  thread,  only  the  terminals  have 
the  flagella.  Although  the  flagellum  has  been  seen  and  photographed  only  in 
the  larger  bacilli  and  spirilla,  there  can  be  no  doubt  that  all  motile  organisms 
do  possess  the  flagellum,  for  without  it  motility  would  not  be  possible. 
Micrococci  are  not  possessed  of  motility,  but  recently  Ali-Cohen  has  isolated 
from  drinking-water  a  species  of  micrococcus  {Micrococcus  agilis)  which  forms 
an  exception,  since  this  species  is  motile  ('  Centralbl.  fiir  Bact.'  VI.  2). 

Important  methods  of  demonstrating  (staining)  the  cilia  have  been  pub- 
lished by  Loffier  ('  Centralbl.  f.  Bacteriologie  und  Parasitenk.'  VI.  Bd.  8,  9). 
Loffler  points  out  and  gives  photographs  of  bacilli,  vibrins,  and  spirilla  which 
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are  possessed  not  of  one,  but  a  bundle  of  fine  cilia  at  one  end  or  over  the- 
wbole  body. 

In  most  bacilli  and  spirilla  which  are  possessed  of  motility  this  is  in- 
timately connected  with  a  supply  of  oxygen.  Though  some  species  seem  tO' 
obtain  this  readily  even  when  in  deep  fluids  (e.g.  bacillus  of  hay,  certain 
species  of  proteus),  many  others  cease  to  move  when  the  supply  of  oxygen 
becomes  insufficient.  Engelmann  has  made  some  very  interesting  experi- 
ments with  certain  motile  bacilli,  showing  the  direct  influence  of  oxygen  on 
their  motility.  When  motile  bacilli,  owing  to  insufficient  oxygen  or  after 
the  consumption  of  the  oxygen  previously  present,  come  to  rest,  by  adding 
to  them  new  oxygen  in  a  drop  of  fresh  fluid  containing  air,  the  motihty  is 
resumed.  On  removing  the  oxygen  and  adding  carbon  dioxide  or  hydrogen 
gas,  ammonia,  chloroform,  or  ether,  the  movement  ceases,  but  on  removing 
these  gases  and  replacing  them  again  by  oxygen  (or  air)  the  movement  is 
again  resumed. 

Motile  bacilli  and  spirilla  when  growing  in  a  fluid  medium  have  a  great 
tendency  to  seek  the  surface  of  the  fluid,  i.e.  move  towards  the  part  where  they 
can  obtain  oxygen,  and  here  form  more  or  less  coherent  pellicles,  in  which 
they  are  in  a  resting  state,  and  in  which  a  rapid  multiplication  goes  on ;  but 
it  is  quite  incorrect  to  assume  that  an  organism  which  in  a  fluid  medium  forms 
a  pelhcle  is  a  motile  organism,  since  some  species  which  form  a  pellicle  are 
not  motile,  and  some  species  of  motile  organisms  do  not  forma  pellicle. 


CHAPTEE  II 

CONDITIONS  AND  MODE   OF  MULTIPLICATION  OF  B  ACT  FBI  A 

Bacteeia  when  planted  on  a  medium  containing  the  necessary  mgredients, 
and  when  the  other  conditions,  as  temperature,  moisture,  reaction,  &c.,  are 
favourable,  multiply  with  great  rapidity.  Substances  containing  nitrogenous 
compounds,  potassium  and  sodium  salts,  phosphates  and  sulphates,  are  to  be 
considered  as  necessary  ingredients.  In  regard  to  these  substances  both 
qualitatively  and  quantitatively  there  exist,  however,  very  great  differences 
indeed.  While  some  bacteria  are  capable  of  growing  and  multiplying  on 
simple  nitrogenous  compounds  (e.g.  tartrate  ammonium,  ammonia,  urea,  uric 
acid),  many  others  do  not  show  any  growth  under  such  conditions.  Many 
common  or  saprophytic  bacteria  living  in  the  soil,  in  putrid  or  ammoniacal 
urine,  thrive  well  when  only  simple  nitrogenous  material  is  available ;  e.g.  such 
as  is  present  in  normal  urine  ;  while  those  bacteria  like  the  disease-produc- 
ing microbes,  as  also  those  generally  present  in  dead  organic  matter  of  the 
living  or  non-living  nature,  thrive  well  only  in  the  presence  of  albumen  or 
albuminoid  nitrogenous  material.  Various  species  of  bacteria  (micrococci  and 
bacilli)  occurring  in  ammoniacal  urine,  in  soil,  and  other  substances  shoAV 
active  growth  when  planted  in  a  fluid  that  contains  nothing  more  complex 
than  tartrate  of  ammonium  (Pasteur's  and  Cohn's  fluid) ;  a  great  many  species, 
amongst  them  all  the  pathogenic  bacteria,  do  not  show  appreciable  growth 
under  these  conditions.  As  regards  the  amount  of  the  albuminous  material, 
some  species  like  those  present  in  ordinary  drinking-water,  which  contains  only 
traces  of  albuminoid  matter,  are  herein  capable  of  multiplying,  whereas  others 
accustomed  to  live  on  more  copious  nitrogenous  soil  when  transferred  to  sucli 
water  gradually  diminish  in  numbers,  and  ultimately,  unless  in  the  form  of 
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spores,  altogether  die.  Tlie  greater  the  amount  of  albuminous  material 
present  the  greater  will  be  found,  ccsteris  paribus,  the  capability  of  multipli- 
cation. As  regards  the  lowest  limit  of  proteid  required  for  active  and  good 
growth  there  exist  great  differences,  as  great  as  those  previously  named  ;  for 
while  the  presence  of  albuminous  material  is  to  all  bacteria  a  stimulation  for 
multiplication,  it  is  not,  as  stated  above,  absolutely  essential  to  some.  As 
a  matter  of  fact  there  exist  infinite  gradations  between  species  that  require 
for  good  growth  a  comparatively  large  amount  of  highly  differentiated  albumin- 
oid material — e.g.  some  pathogenic  bacteria  like  tubercle  bacilli — and  those 
that  can  do  well  with  very  little  of  it,  and  even  without  it,  but  with  only  a 
Uttle  urea,  or  tartrate  of  ammonium — e.g.  those  in  ammoniacal  urine,  those 
in  soil,  some  of  those  in  ordinary  drinking  water.  More  than  that,  there  are 
at  present  some  known  species  which  can  grow  well  on  materials  not  con- 
taining any  nitrogenous  material  at  all ;  thus  the  bacillus  amylobacter  or 
Clostridium  butyricum  can  grow  well  on  no  higher  organic  material  than 
starch  (Prazmowski).  Some  organisms  in  the  soil  multiply  most  probably 
at  the  expense  of  the  nitrogen  absorbed  from  the  air  {see  below),  and  Mac- 
fadyean  shows  that  some  species  of  bacilli,  though  accustomed  to  live  on  albu- 
minous soil,  can  nevertheless  do  well  on  pure  starch  paste.  Some  bacteria 
in  drinking  water — e.g.  Micrococcus  aquatilis  (Niessen) — are  said  to  be  able 
to  exist  even  in  pure  distilled  water.  Now  in  these  cases  it  must  be  assumed 
that  the  nitrogen  necessary  for  the  building  up  of  the  protoplasm  of  their 
own  bodies  is  obtained  by  the  bacteria  by  absorption  of  free  nitrogen  from 
the  air.  The  protoplasm  constituting  the  principal  part  of  the  body  of  the 
bacteria  is,  like  all  other  protoplasm,  essentially  albumen,  and  therefore,  in 
order  to  grow  and  multiply,  the  bacteria  have  naturally  to  build  up  protoplasm  ; 
and  since  this  can  only  take  place  at  the  expense  of  nitrogen  absorbed  from 
the  air  (as  in  the  cases  just  mentioned),  or  at  the  expense  of  simple  nitrogenous 
compounds  like  salts  of  ammonia,  urea,  &c,  (as  in  the  cases  of  bacteria  men- 
tioned previously  in  putrid  urine,  water,  and  soil),  it  follows  that  some  bac- 
teria, at  any  rate,  are  capable  of  forming  albumen  by  a  process  of  synthesis, 
and  in  this  respect,  therefore,  they  compare  with  plants  and  not  with  animals. 
In  the  former  this  is  the  natural  proceeding,  while  in  the  latter  the  protoplasm 
of  the  tissues  is  formed  at  the  expense  of  the  proteids  taken  in  the  first  place 
with  the  food. 

Pkotbid  Medium 

Most  bacteria  grow  well  in  media  containing  0'5  per  cent,  of  proteid,  less 
than  is  present  in  potato  (1'5  per  cent,) ;  but  there  are  some  which  show  scanty 
or  no  growth  on  potato  or  in  other  media  when  only  0-5  per  cent,  proteid 
is  offered.  There  does  not  seem  any  known  reason  why  this  should  be  so, 
but  it  is  nevertheless  a  fact.  Thus,  one  of  the  most  highly  differentiated 
microbes,  like  the  glanders  bacillus,  grows  well  on  potato,  while,  for  instance, 
the  diphtheria  bacillus  and  the  bacillus  of  fowl  enteritis  do  not  show  any  appre- 
ciable growth  under  the  same  conditions.  This,  however,  does  not  apply 
to  pathogenic  microbes  only,  for  some  non-pathogenic  microbes  cannot  grow 
on  so  small  an  amount  of  proteid  as  is  present  in  the  potato  (1'5  per  cent.). 

Salts 

From  the  presence  of  potassium  salts  and  phosphates  in  the  bodies  of 
bacteria  the  presence  of  these  substances  in  the  nutritive  medium  must  be 
concluded  as  absolutely  essential. 
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MOISTUEE 


An  important  influence  on  the  growth  and  multiphcation  of  bacteria  is 
exerted  by  moisture,  since  their  own  bodies  and  the  protoplasm  constituting 
them  contain  water.  Without  a  small  amount  of  water  no  growth  takes  place. 
In  fluid  media  the  growth  of  all  bacteria  is,  cczteris  'paribus,  more  rapid  than 
on  solids,  and  on  these  the  growth  yaries,  cceteris  paribus,  proportionately 
with  the  amount  of  moistm'e.  It  is  easily  shown  that  two  sohd  media  of 
the  same  kind,  but  differing  from  each  other  in  the  amount  of  water 
present,  inoculated  with  the  same  species  of  bacteria  will,  after  the  same 
periods,  and  kept  under  otherwise  the  same  conditions,  show  a  remarkable 
difference  of  growth ;  the  one  that  contains  most  water  shows  copious 
growth,  while  the  other  shows  only  comparatively  little.  For  instance,  on 
preparing  two  quantities  of  nutritive  gelatine  (meat  juice  peptone  gelatine  or 
broth  peptone  gelatine),  one  containing  97  per  cent,  water,  the  other  89  per 
cent.,  and  inoculating  these  with  various  species  all  in  double  series,  e.g. 
anthrax  bacillus,  staphylococcus,  streptocdccus  pyogenes,  bacillus  subtilis, 
cholera  spirillum,  baciUus  pneumonia,  bacillus  of  fowl  enteritis,  bacillus  of 
typhoid  fever,  or  common  saprophytic  species,  a  notable  difference  will  be 
noticed  after  two  or  three  days'  growth  atSO'^C. ;  those  tubes  containing 
gelatine  with  89  per  cent,  water  will  show  considerably  less  growth  than  those 
with  97  per  cent.  But  it  must  be  here  mentioned  that  seme  bacteria  are 
more  sensitive  to  small  amounts  of  moisture  than  others  ;  for  while  some 
species  show  comparatively  good  growth  when  a  small  amount  of  free 
moisture  is  present,  others  show  no  growth  unless  the  amount  is  considerable. 
Thus,  for  instance,  many  species  like  bacillus  subtihs,  and  bacillus  anthracis, 
various  species  of  spirilla,  grow  well  under  the  first  conditions,  while  others, 
e.g.  the  tubercle  bacillus,  require  for  good  growth  a  visible  amount  of  moisture. 

Tempeeatuee 

Temperature  plays  an  important  role.  Most  bacteria  show  good  growth 
between  18°  C.  and  38°  C,  and  most  between  80°  C.  and  37°  C.  Some  show 
growth,  but  to  a  less  extent,  below  18°  C,  as  low  as  15°  or  even  14°  C.  ;  or  to 
a  higher  extent  above  38°  C,  as  high  as  42°  and  43°  C.  Some  few  species 
are  known  that  show  good  growth  at  a  higher  temperature,  some  even  as 
high  as  60-70°  C,  e.g.  the  bacillus  thermophylus  of  Miquel,  the  micrococcus 
found  in  hot  springs  by  Hoppe-Seyler.  The  most  remarkable  point  about 
the  bacillus  thermophylus  is  that  it  ordinarily  exists  in  the  soil,  and  that 
nevertheless  it  shows  very  excellent  growth  and  spore  formation  at  tempera- 
tures even  above  60°  C. 

Some  species  do  not  grow  well  at  temperatures  below',22°  or  23°  C,  some 
not  even  below  30°  C,  or  even  35°  C. ;  to  the  first  belong  the  diplococcus 
pneumonia  of  Fraenkel  and  Weichselbaum,  a  streptococcus  occurring  in  the 
fluid  of  the  mouth  under  normal  conditions,  a  bacillus  similar  to  but  not 
identical  with  the  bacillus  of  diphtheria,  viz.  the  pseudo-diphtheria  bacillus 
of  Loffler ;  to  the  latter  the  tubercle  bacillus,  the  leprosy  bacillus,  and  to  a 
lesser  extent  the  glanders  bacillus.  Some  species  do  not  grow  at  temperatures 
above  22°  or  23°  C. ;  for  instance,  a  micrococcus  (streptococcus)  which  the 
writer  isolated  from  certain  infectious  ulcerations  of  the  teats  of  milch  cows, 
a  bacillus  which  he  found  in  veal  pie  that  had  caused  acute  chemical  poisoning 
(gastro-enteritisi,  and  a  bacillus  which  he  found  in  dust  taken  from  the 
plugging  of  the  floor  of  dwelling-houses  ;  these  grow  well  at  20-22°  C.  in 
broth,  gelatine,  and   agar  mixture,  but  when  exposed  in   these  media  to 
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25-30°  C,  no  growth  takes  place.     The  bacillus  prodigiosus,  while  growing 
well  at  temperatures  below  25°  C,  does  not  grow  at  higher  temperatures. 

In  ordinary  drinking  water,  and  in  the  air  of  dwelling-houses,  there 
are  many  species  of  bacteria  which  grow  well  at  18-20°  C,  and  at  all 
degrees  up  to  38-40°  C,  but  there  are  some  that  do  not  grow  at  tempera- 
tures below  25°  C. ;  therefore  testing  for  the  presence  and  number  of  bacteria 
in  water  and  in  the  air  of  dwelhng  houses  by  the  simple  gelatine  plate 
method,  in  which  the  nutritive  gelatine  is  kept  at  a  temperature  between 
18°-22  C.  (20°  C.  on  the  average),  does  not  reveal  all  species  present,  since 
there  are  some  which  do  not  grow  and  multiply  at  these  temperatures. 

AlK 

Pasteur  was  the  first  who  showed  a  radical  difference  to  exist  between 
different  bacterial  species  in  their  requirement  of  free  access  of  air  during 
their  growth  and  multiplication.  He  distinguished  those  that  can  grow 
without  free  access  of  air  as  anaerobic,  the  others  as  aerobic.  At  present 
when  the  mode  of  growth  of  the  different  bacterial  species  can  be  more  accu- 
rately studied  (owing  to  greater  perfection  in  the  methods  of  cultivation), 
the  bacteria  are  capable  of  being  grouped  as  follows :  (1)  obligatory 
anaerobic  ;  these  are  such  species  as  do  not  grow  except  when  free  access 
of  oxygen  (air)  is  excluded ;  such  are  the  malignant  oedema  bacillus  of 
Koch,  the  Clostridium  or  bacillus  amylobacter  of  Prazmowski,  the  tetanus 
bacillus,  the  bacillus  of  symptomatic  anthrax  ;  (2)  facultative  anaerobic,  those 
species  which  can  grow  in  absence  of  free  air,  though  they  grow  better  if  air 
be  present ;  these  and  the  following  form  the  majority  of  the  species  hitherto 
known  ;  (3)  facultative  aerobic  are  similar,  and  the  boundary  Hne  is  indis- 
tinct ;  speaking  generally,  these  grow  better  without  free  air,  though  they 
grow  also,  but  not  so  well,  when  free  air  is  admitted,  i.e.  on  the  surface 
of  the  nutritive  medium  ;  and  (4)  obligatory  aerobic,  those  that  do  not  thrive 
and  multiply  without  copious  supply  of  air  ;  as,  for  mstance,  the  hay  bacillus, 
various  potato  bacilli.  In  the  study  of  the  obligatory  anaerobic  bacteria  it 
is,  of  course,  necessary  to  see  that  the  seeding  is  carried  out  so  that  they  are 
deposited  at  once  m  the  depth  of  the  solid  medium,  or  that  if  seeded  on  the 
surface  this  latter  is  then  covered  up  by  a  new  layer  of  medium — oil  or  paraifin, 
or  a  layer  of  the  same  medium,  e.g.  a  new  layer  of  gelatine  or  agar ; — or 
that  culture  tubes  are  used  from  which  the  air  is  removed  by  the  pump,  or 
replaced  by  some  indifferent  gas  (H),  and  then  sealed  ;  or  that  tubes  are 
used  which  are  completely  filled  with  the  medium  and  after  inoculation  are 
sealed.  But  in  all  cases  in  which  anaerobic  bacteria  have  been  grown,  it  is 
sufficient  to  see  that  the  seedmg  takes  place  in  the  depth  of  the  gelatine, 
away  from  the  surface.  The  growth,  then,  takes  place  only  in  the  deeper 
layers  {see  the  figures  of  cultures  of  malignant  oedema  bacillus  of  Koch  and 
tetanus  bacillus). 

Eapiditt  op  Growth 

The  rapidity  with  which  bacteria  grow  and  multiply  is  subject  to  very 
great  variations,  and,  cateris  paribus,  constitutes  definite  and  characteristic 
peculiarities ;  that  is  to  say,  some  species  under  the  same  conditions  of  soil, 
temperature,  &c.,  show  a  more  rapid  growth  and  multiplication  than  others, 
these  bearing  no  relation  to  any  known  condition.  Thus  of  the  staphylococcus 
aureus  and  the  streptococcus  pyogenes,  growing  under  exactly  the  same  con- 
ditions, and  on  good  nutritive  media,  the  former  shows  incomparably  greater 
rapidity  in  miiltiplication,  and  produces  much  more  copious  growth  in  a  given 
time  than  the  latter  ;  or  if  the  bacillus  of  swine  erysipelas  and  the  bacillus  of 
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swine  fever  be  taken,  the  latter  is  found  to  grow  much  more  rapidly  than  the 
former;  and,  again,  bacillus  subtilis  and  Finkler's  spirillum  grow  very  much 
faster  than  bacillus  anthracis  and  cholera  spirillum  respectively. 

Comparative  experiments  which  the  writer  has  made  with  a  number  of 
microbes  as  to  the  rapidity  of  multiplication,  by  way  of  observing  them  directly 
under  the  microscope  in  a  drop  of  solidified  nutrient  gelatine  at  22°  C.  ('  sus- 
pended solid  drop  ')  show  as  the  average  of  several  observations — ■ 

(a)  The  streptococcus  pyogenes.  Complete  division  of  the  cocci  took 
place  in  thirty  minutes. 

(b)  The  staphylococcus  aureus  liquescens  in  twenty  minutes. 

(c)  The  streptococcus  of  erysipelas  in  forty-five  minutes.   - 

(d)  An  orange-coloured  non-liquefying  micrococcus  in  forty  minutes. 

(e)  The  bacillus  anthracis  in  thirty  minutes. 

(/)  The  bacillus  subtilis  of  hay  infusion  in  twenty  minutes. 

(g)  A  filamentous  bacillus  liquefying  gelatine,  not  mobile  and  isolated 
from  sewage,  in  eighteen  minutes. 

(h)  A  mobile  bacillus  (bacillus  fiuorescens  liquescens),  rapidly  hquefy- 
ing  gelatine  and  common  in  ordinary  London  drinking  water,  in  eighteen 
minutes. 

{i)  A  bacillus,  non-mobile,  non-liquefying,  rapidly  forming  spores,  and 
slightly  filamentous,  isolated  from  London  sewage,  in  forty  minutes. 

( j)  The  bacillus  of  the  Middlesbrough  pneumonia  in  eighteen  minutes. 

(k)  The  bacillus  of  fowl  enteritis  in  twenty-four  minutes. 

(l)  The  bacillus  of  typhoid  fever  in  thirty  minutes. 

(m)  The  bacillus  diphtheria  in  forty-five  minutes. 

In  all  these  instances  a  single  organism  lying  isolated  was  focussed  and 
watched,  and  after  a  distinct  division  had  been  noticed  the  time  was  marked, 
and  the  interval  it  took  for  one  of  these  to  again  completely  divide  was  taken 
as  the  time  for  a  division.  Li  these  observations,  which  do  not  claim  more 
than  approximate  accuracy,  it  was  remarked  that  the  division  of  the  two 
members  of  the  dumb-bell  cocci  or  dumb-bell  rods  does  not  proceed  at  the 
same  rate,  the  difference  bemg  as  much  as  a  quarter  to  a  third  of  the  whole 
time.  The  above  numbers  indicate  the  average  of  three  successive  divisions, 
and  therefore  they  only  represent  approximately  the  mean  periods  that  these 
several  microbes  require  for  dividing  under  the  above  conditions.  Buchner 
('  Centralbl.  fiir  Bact.  und  Parasit.'  II.  No.  1)  calculated  the  time  required 
for  the  cholera  vibrio  for  a  division  at  37°  C,  and  found  it  to  amount  to  twenty 
minutes  on  an  average. 

Observations  were  made  on  the  common  staphylococcus  pyogenes  aureus, 
the  bacillus  of  swine  fever,  the  bacillus  of  grouse  disease,  the  bacillus  of  fowl 
enteritis,  and  the  bacillus  of  diphtheria,  as  to  the  amount  of  multiphcation 
these  several  microbes  undergo  when  a  definite  number  of  them  is  introduced 
into  faintly  alkaline  beef  broth  (eight  to  ten  cubic  centimetres)  and  kept  in 
the  incubator  at  about  37°  C.  All  these  different  organisms  grow  with  great 
rapidity,  and  after  twenty-four  hours  the  broth  is  uniformly  turbid,  provided 
the  number  introduced  at  starting  be  comparatively  large.  By  making  gelatme 
plate  cultivations  with  a  given  small  quantity  of  the  broth  previously  diluted 
to  a  definite  degree,  and  then  counting  the  number  of  colonies  that  make 
their  appearance  on  incubation,  it  is  easy  to  calculate  the  number  of  microbes 
present  per  cubic  centimetre  in  the  broth.  In  some  experiments  made  with 
the  staphylococcus  pyogenes  aureus  it  was  found  that  on  introducing  248 
microbes  per  cubic  centimetre,  they  increased  in  the  first  twenty-four  hours 
to  20,000,000  per  cubic  centimetre  ;  in  another  experiment  640,000  per  cubic 
centimetre  were  counted  after  the  first  twenty-four  hours'  growth,  248,000,000 
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per  cubic  centimetre  after  the  second  twenty-four  hours,  i.e.  after  forty-eight 
hours'  incubation,  and  1,184,000,000  per  cubic  centimetre  after  the  third 
twenty-four  hours  i.e.  after  seventy-two  hours'  incubation.  From  a  number 
of  experiments  it  was  calculated  that  for  each  microbe  introduced,  the  multi- 
plication during  the  first  twenty-four  hours  is  80,000-fold,  during  the  second 
twenty-four  hours  400-fold,  and  during  the  third  twenty-four  hours  5-fold. 

The  rapidity  of  the  growth  and  multiplication  of  the  bacillus  of  fowl 
cholera  in  the  hving  blood  was  ascertained  in  an  experiment  made  on  a  rabbit. 
Of  the  microbes  20,000  were  subcutaneously  injected  into  a  rabbit.  The 
animal  died  in  about  twenty  hours.  The  bacilli  in  the  heart's  blood  were 
then  counted  by  the  ordinary  method  of  gelatine  plate  cultivation,  and  it  was 
found  that  their  number  per  cubic  centimetre  of  heart's  blood  amounted 
to  14,150,000.  The  weight  of  the  rabbit  was  1,250  grammes,  and  taking 
eighty-three  grammes  (^)  as  the  amount  of  blood  present  in  the  animal's  body, 
and  assuming  that  the  bacilli  were  more  or  less  uniformly  distributed  through 
the  blood,  it  follows  that  the  total  blood  contained  about  1,200,000,000  of  the 
bacilli.  This  would  mean  that  each  one  of  the  20,000  bacilli  injected  had 
given  origin  to  a  host  of  60,000  bacilli  in  twenty  hours. 

The  manner  in  which  the  individuals  of  the  same  species  divide  varies 
considerably  ;  thus  in  the  streptococcus  scarlatina  and  str.  pyogenes  the 
writer  has  observed  that  in  gelatine  some  of  the  elements  of  a  colony  increase 
rapidly  to  five,  six  and  more  times  the  size  of  a  typical  coccus,  grow,  in  fact, 
into  a  ball  of  great  size,  then  a  cleft  appears  by  which  the  organism  splits 
up  into  two  demilunes,  then  each  of  these  again  divides  under  a  right  angle  to 
the  former  line  of  division,  so  that  the  original  ball  is  divided  into  four 
quarters,  each  of  which  separates  gradually  from  its  neighbour  and  becomes 
more  or  less  spherical,  and  a  further  division  into  two  and  even  into  four  cocci 
of  the  average  size  takes  place.  But  the  above  mode  of  division  does  not 
take  place  everywhere  in  the  preparation,  for  many  of  the  typical  cocci  only 
slightly  enlarge  and  then  divide  into  two,  thus  forming  a  diplococcus  ;  each  of 
these  divides  again  transversely,  and  thus  a  chain  of  four  minute  cocci  is  the 
result. 

In  broth  cultures  the  writer  has  observed,  as  a  rule,  the  latter  mode  of 
division,  though  also  here  occasionally  an  element  is  noticed  in  a  chain  which 
is  much  larger  than  the  rest,  and  this  larger  element  divides  into  two  and  four 
cocci  successively.  So  also  those  large  elements  described  above  as  occur- 
ring in  the  chains  of  streptococci  show  the  successive  fission  into  two 
and  four  cocci.  And  it  is  this  which  prompts  him  to  say  that  these  large 
elements  found  occasionally  in  the  chains  or  in  the  diplococci  are  not  involu- 
tion forms,  but  are  active  elements  which  before  successively  dividing  grow 
up  to  large  size.  In  staphylococcus  aureus  liquescens,  growing  in  gelatine,  he 
has  also  observed  some  of  these  large  elements,  though  on  the  whole  they 
are  not  so  numerous  as  in  the  streptococcus  growing  in  the  same  kind  of 
medium.  The  normal  mode  of  division  of  a  coccus  is  then  (1)  a  slight 
enlargement  and  division  into  two  by  transverse  fissure,  or  (2)  a  coccus 
enlarged  to  considerable  size  (four  to  six  and  more  times)  and  then  succes- 
sively divided  into  two  and  four  and  further  eight  cocci  of  the  normal  size. 

As  regards  bacilli,  all  observations  hitherto  recorded  agree  that  a  rod 
before  dividing  elongates  sometimes  more,  sometimes  less,  and  then  a  trans- 
verse indentation  appears  about  midway,  which  ultimately  becomes  a  fissure 
by  which  the  originally  single  rod  divides  into  two  ;  according  as  the  rod 
was  short  or  long,  the  resulting  offsprings  are  more  coccus-like  or  more 
cylindrical.  Now,  in  the  observations  which  the  writer  has  carried  out  as 
to  the  time  of  the  division  of  the  different  microbes  mentioned  above,  he 
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has  repeatedly  noticed  that  a  single  cylindrical  bacillus  not  infrequently  divides 
almost  simultaneously  into  three  and  even  four  short  rods.  The  writer  has 
observed  cylindrical  bacilli  in  preparations  of  bacillus  anthracis,  made  directly 
from  the  blood  of  guinea-pigs,  which  were  uniform,  and  there  was  no  indica- 
tion in  the  fresh  specimen  that  they  were  other  than  single  elements.  These 
elements  he  has  seen  to  give  origin  almost  simultaneously  to  as  many  as 
four  short  slightly  rod- shaped  elements  ;  and  these  same  elements  were,  on 
continued  observation,  seen  to  elongate  and  the  terminals  within  several 
minutes  seen  to  have  increased  almost  to  twice  their  length,  then  each  of 
them  again  to  have  divided,  one  into  three,  the  other  into  two  distinct  rods. 

Observations  were  carried  out  on  a  filamentous  bacillus  isolated  from 
sewage  liquefying  gelatine  as  a  clear  fluid  ;  it  was  non-motile,  rapidly  growing 
into  threads,  and  in  the  filaments  copious  spore  formation  took  place  ;  this 
bacillus  resembled  morphologically  the  bacillus  anthracis,  but  it  grows  on  the 
surface  of  gelatine  more  as  a  continuous  membrane  of  threads  arranged 
parallel  and  coming  off  at  right  angle  from  a  central  stalk  ;  it  grows  much 
more  rapidly  than  the  bacillus  anthracis. 

Now,  directly  observing  under  the  microscope  the  growth  and  multiplica- 
tion of  this  bacillus  in  solidified  gelatine,  threads  of  bacilli  are  seen  shooting 
out  with  considerable  rapidity  from  a  short  cylindrical  bacillus  measuring 
0"5/L(,  to  1/u,  a  thread  more  or  less  wavy  is  formed  in  the  course  of  two  hours 
and  a  half,  which  extends  across  the  whole  field  of  the  microscope  under  a 
magnifying  power  of  500.  On  such  a  growing  thread  the  simultaneous  divi- 
sion after  elongation  of  cylindrical  elements  into  three  and  four  rods  is  also 
distinctly  and  repeatedly  noticed. 

Also  on  the  rods  of  the  bacillus  of  diphtheria  the  same  simultaneous  fission 
of  elementary  cylindrical  cells  into  two,  three,  and  four  elements  was  noticed. 
We  conclude  then  that  in  the  division  of  bacilli  the  elements  increase  in  length 
and  then  by  transverse  fission  divide  into  two,  three,  or  four  elements,  and 
according  to  the  length  of  the  cell  before  division  the  elements  resulting 
from  the  division  differ  in  length. 

Spokes 

One  of  the  most  important  and  interesting  phenomena  in  the  life-history 
of  bacteria  is  the  power  of  some  species  to  form  permanent  seeds  or  spores, 
by  which  the  species  can  preserve  itself  and  can  withstand  a  variety  of 
adverse  circumstances.  Various  conditions  in  nature  are  often  at  play,  in 
consequence  of  which  weaker  species  are  less  liable  to  survive  in  the  severe 
struggle  for  existence.  There  is  first  the  adverse  circumstance  of  competition, 
such  as  constantly  obtains  under  the  general  conditions  of  growth  in  soil,  in 
water,  and  in  various  organic  materials  exposed  to  contamination  from  air, 
water,  and  soil.  Here  numerous  species  find  access  and  multiply,  some  more, 
others  less  easily,  till  all  the  available  nutriment  is  exhausted.  Some  species, 
capable  of  forming  spores,  when  this  stage  of  the  exhaustion  of  the  nutriment 
has  been  reached,  remain  as  spores  and,  till  they  are  transferred  by  some 
means  or  other  to  new  material,  or  till  new  nutriment  is  added,  retain  their 
power  of  again  germinating  and  giving  rise  to  a  new  crop  of  the  same  species, 
and  this  survival  occurs  even  under  severe  adverse  circumstances,  e.g.  the 
presence  of  various  noxious  chemicals,  cold,  heat,  drying,  &c.  ;  but  those 
species  that  do  not  form  spores  retain  life  only  under  exceptionally  favourable 
conditions  ;  as  a  rule,  owing  to  the  presence  of  acids  or  other  chemicals, 
e.g.  products  of  the  growth  of  bacteria,  and  owing  to  drying,  &c.,  they  are 
easily  deprived  of  life.     This  question  of  the  formation  of  spores  for  the 
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above  reasons  plays  a  most  prominent  role  as  regards  infectious  diseases. 
A  few  illustrations  will  easily  show  this.  Take,  for  instance,  the 
bacillus  anthracis.  This  organism,  although  present  in  enormous  numbers 
hi  the  blood  and  blood-vessels  of  animals  dead  of  the  disease,  does  not 
at  any  time  form  spores  when  kept  away  from  the  air,  i.e.  from  a  supply 
of  oxygen ;  consequently  in  such  an  animal  when  left  unopened  all 
the  bacilli,  after  having  gone  on  iiicreasing  in  numbers  after  death 
for  some  time,  gradually  degenerate  and  disappear,  so  that  sometimes 
after  five  to  eight  days,  in  the  case  of  small  animals  like  mice  and 
guinea-pigs,  living  anthrax  bacilli  are  no  longer  to  be  found  in  the  tissues, 
they  having  been  suppressed  by  putrefactive  organisms.  The  spleen  of 
such  an  animal  after  this  distance  of  time  produces  no  infection  with 
anthrax  after  inoculating  it  in  comparatively  large  doses  into  a  fresh  guinea- 
pig  or  mouse ;  whereas  if  a  trace  of  a  droplet  of  the  splenic  blood  of  an 
animal  dead  of  anthrax  is  used  for  inoculation  of  a  guinea-pig  or  mouse, 
say  within  three  days  after  death,  virulent  anthrax  follows.  Or  if  the 
blood  and  tissues  of  an  animal  dead  of  virulent  anthrax  are  by  some  means 
or  other  thoroughly  dried,  such  blood  loses  all  virulent  power,  since  by 
thorough  drying  the  bacilli  anthracis  are  killed.  But  let  either  the  blood 
or  the  nasal  or  other  discharges  of  an  animal  dead  from  anthrax  be 
exposed  to  air  for  a  sufficient  time  to  allow  the  bacilli  to  form  spores,  then 
neither  putrefaction,  nor  drying,  nor  chemical  agencies  such  as  acids  and 
alkalies,  will  affect  the  power  of  these  spores  to  germinate  again  into  bacilli 
and  to  produce  virulent  anthrax  when  finding  access  to  a  suitable  animal 
body.  This  is  actually  the  case  when  cattle  and  sheep  are  sojourning  on  and 
feeding  in  a  field,  where  months  or  even  years  previously  an  animal  having 
died  from  anthrax,  the  blood  and  discharges  of  such  an  animal  found 
access  to  the  surface  of  the  soil,  that  is  where  the  bacilli  anthracis  find  oppor- 
tunity to  multiply  and  to  form  spores.  It  is  these  spores  which  afterwards 
are  picked  up  by  the  animals  grazing  in  such  a  field.  The  same  thing  occurs 
in  woolsorters'  and  hidesorters'  disease,  which  is  virulent  anthrax  in  the 
human  beings  engaged  in  the  sorting  of  wool  or  the  handling  of  hides  derived 
from  animals — sheep,  goats,  and  cattle  respectively — which  had  succumbed  to 
fatal  anthrax.  In  these  cases  it  is  always  spores  of  the  bacillus  anthracis 
which  are  the  cause  of  infection  of  the  human  beings  handling  these  articles. 
Or  take  another  illustration  as  regards  putrefactive  organisms.  In  preserving 
various  articles  of  food,  these  articles  are  often  subjected  to  the  temperature 
of  boihng  water  for  variable  periods  from  a  few  minutes  to  a  quarter  of  an 
hour  or  thereabouts.  Although  all  micrococci  and  bacilli  not  bearing  spores 
are  killed  by  such  exposure,  the  spores  of  some  species  are  not  killed  by  such  a 
temperature,  and  therefore  if  such  spores  happen  to  be  present  before  the  ex- 
posm-e,  the  spores  will  remain  unaffected  by  the  exposure  to  that  temperature, 
and  afterwards  will  be  able  to  germinate  into  bacilli,  which  by  their  multiplica- 
tion cause  a  very  undesirable  change  in  those  articles.  Cohn  found  in  tinned 
peas  some  species  of  bacilli  whose  spores  withstood  the  temperature  of  boiling 
water  for  thirty  minutes,  and  although  these  must  be  considered  exceptionally 
resistant  spores,  nevertheless  there  exist  not  a  few  species  of  bacilli  whose 
spores  can  successfully  resist  the  exposure  to  100°  C.  for  two,  three,  and 
even  five  minutes  ;  an  exposure  to  95°  C.  some  resist  for  nearly  an  hour  ;  in 
fact,  the  writer  knows  of  spores  of  several  species  which  withstand  easily 
such  an  exposure,  amongst  them  the  spores  of  bacillus  subtilis  and  bacillus 
anthracis.  But  no  micrococcus  or  non-spore-bearing  bacillus  can  withstand 
exposure  to  70°  to  75°  even  for  a  few  minutes  ;  many  of  them  are  killed 
at  60^  C.  or  even  58°  C,  in  five  minutes. 


24  BYQIENE 

The  presence  or  absence  of  spores  is  then,  for  the  various  reasons  indicated 
above,  of  great  practical  importance. 

Observing  bacilli,  which  do  form  spores  (e.g.  bacillus  subtilis,  various 
species  of  'potato  bacillus,'  bacillus  mesentericus,  bacillus  anthracis,  and  the 
bacillus  filamentosus  above  mentioned),  it  is  noticed  that  the  first  sign  of  the 
appearances  of  spores  is  indicated  by  the  presence  of  a  bright,  ghstening 
globule  in  the  protoplasm  of  the  bacillus ;  at  the  same  time  the  bacillus 
is  distinctly  broader  and  paler  in  its  substance  as  compared  with  the  other 
bacilli.  This  globule  gradually  enlarges  in  diameter,  becoming  at  the  same 
time  slightly  oval  ;  this  continues  till  the  thickness  of  the  globule  often 
exceeds  the  breadth  of  the  bacillus,  this  latter  being  now  markedly  pale  and 
transparent.  The  writer  has  watched  in  bacillus  anthracis  and  bacillus 
filamentosus  the  spores  from  their  first  appearance  as  bright  globules  till  they 
had  reached  their  full  thickness  and  length  ;  this  took  about  three  hours,  and 
he  has  also  noticed  that  after  sowing  on  the  surface  of  solidified  agar  the 
blood  of  the  heart  or  spleen  of  a  guinea-pig  dead  of  anthrax  and  keeping  it 
under  observation  at  the  temperature  of  20°  C.  spores  would  be  noticed  in  a 
few  of  the  bacillary  filaments  after  twelve  hours  ;  in  the  case  of  the  bacillus 
snbtilis,  various  potato  bacilli,  and  bacillus  filamentosus  growing  in  broth, 
copious  spore  formation  was  noticed  in  a  superficial  pellicle  after  sixteen 
hours.  Koch  first  observed  that  spore  formation  in  bacillus  anthracis  occurred 
after  six  hours.  But  not  all  bright  granules  that  make  their  appearance  in 
bacilli  are  spores  ;  thus  in  the  typhoid  bacillus  growing  on  potato,  and  in 
other  species  of  bacilli  growing  on  potato,  there  appear  bright  granules,  either 
termiaally  or  centrally,  which  are  not  spores  ;  they  do  not  show  the  reaction 
of  spores,  either  to  dyes,  or  on  drying,  or  heating.  Nor  are  all  the  bright 
granules  that  make  their  appearance  in  bacilli  capable  of  forming  spores  to 
be  at  once  taken  as  spores,  since  under  certain  conditions  such  granules  do 
occur,  but  never  reach  the  size  of  full  spores  ;  this  is  observed  occasionally 
in  anthrax  bacilh  when  growing  under  conditions  unfavourable  for  the 
formation  and  development  of  spores.  The  appearance  of  real  spores  in  all 
bacillary  species  is  very  characteristic  ;  the  spores  are  of  a  bright,  glistening 
aspect,  are  oval  in  shape,  and  generally  thicker  than  the  typical  bacilli.  The 
substance  of  these  latter  is  at  the  same  time  pale  and  transparent  and 
broader  than  the  bacilli  not  containing  spores  ;  the  threads  of  the  baciUi 
appear  beaded  by  the  spores,  the  beads  being  the  ghstening  oval  thick  spores, 
while  the  rest  of  the  thread  is  pale  and  appears  thinner.  In  the  single 
bacilli  the  spores  are  placed  either  centrally  or  terminally  ;  in  the  latter  case, 
if  the  bacillus  is  of  some  length,  it  looks  not  unlike  a  spermatozoon,  the 
spore  corresponding  to  the  head,  the  bacillus  to  the  tail.  Sometimes  in 
motile  bacilli  short  chains  are  noticed,  in  which,  in  one  terminal  element,  a 
spore  has  already  made  its  appearance,  while  the  other  bacillus  is  still 
possessed  of  motility  ;  and  here,  on  account  of  the  motility,  the  resemblance 
to  a  spermatozoon  is  still  more  striking.  Under  the  most  favourable 
conditions  almost  every  element  constituting  a  bacillary  thread  or  chain 
forms  a  spore,  in  other  threads  only  here  and  there  a  cell  contains  a  spore ; 
in  the  first  case  the  thread  is  regularly  and  densely  beaded,  in  the  latter  the 
beads  are  relatively  few  and  far  between.  The  last  phase  is  reached  when 
the  bacillus  itself  swells  up  into  a  gelatinous  capsule  enveloping  the  spore 
and  ultimately  altogether  disappears ;  then  the  spore  is  free  and  has 
reached  its  full  size  and  development.  Examining  in  stained  specimens 
spore-bearing  bacilli,  the  spores  appear  unstained,  whereas  the  rest  of  the 
bacillary  substance  takes  readily  the  dye  ;  under  these  conditions  the  spore 
looks  Uke  an  oval  clear  space,  not  unhke  the  vacuoles  above  mentioned  ;  but 
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the  spore  has  a  sharp  outhne  of  its  own,  the  vacuole  has  not.  It  is,  however, 
not  easy  to  distinguish  in  a  given  specimen,  stained  after  the  ordinary- 
methods,  the  spores  which  are  not  stained  from  vacuoles,  and  in  these  cases 
other  methods  of  staining  must  be  resorted  to. 

In  order,  then,  to  decide  whether  or  not  spores  are  present  in  a  bacillary 
species,  the  morphological  investigation,  fresh  aspect,  special  methods  of 
staining,  drying,  and  heating  have  to  be  resorted  to. 

The  spore  formation  is  associated  with  supply  of  oxygen  in  all  bacteria 
that  generally  hve  well  under  access  of  air  ;  in  some  species  this  is  more 
pronounced  than  in  others,  for  in  some  species,  e.g.  bacillus  anthracis 
and  bacillus  filamentosus,  spores  are  only  formed,  cceteris  paribus,  if  oxygen 
has  free  access,  and  no  spores  are  formed  if  there  is  no  free  supply  of 
oxygen,  e.g.  deep  in  the  fluid ;  while  in  other  species,  though  spore 
formation  is  greatly  enhanced  by  the  free  access  of  oxygen,  it  nevertheless 
takes  place  to  a  certain  limited  extent  deep  in  the  fluids.  Thus,  in  the 
case  of  bacillus  subtihs  and  various  other  bacilh  a  pellicle  soon  makes  its 
appearance  on  the  surface  of  the  fluid  (broth,  &c.).  This  pellicle  is  made  up 
of  filaments  and  bacilli  matted  together,  and  in  them  copious  spore  formation 
is  going  on,  but  also  in  the  depth  there  are  a  few  spore-containing  bacilli  to 
be  noticed.  When  such  a  pellicle  is  broken  up  by  shaking,  it  in  most  in- 
stances falls  to  the  bottom  of  the  fluid,  and  then  after  another  day's  growth 
a  new  pellicle  appears,  and  in  this  also  copious  spore  formation  is  noticed  ; 
and  this  can  be  repeated  for  several  days  till  the  nutriment  is  exhausted. 
The  same  can  be  seen  in  hay  infusion,  in  the  case  of  bacillus  subtilis.  In 
neutral  or  faintly  alkaline  hay  infusion  kept  at  37°  G.  spores  of  bacillus 
subtilis  are  present  in  the  pellicle  as  early  as  the  second  day,  and 
continue  to  be  formed  at  the  end  of  eight  to  ten  days.  The  view  has  been 
expressed  by  some  observers,  amongst  them  Buchner,  that  the  spore  forma- 
tion in  bacilli  occurs  on  exhaustion  of  the  nutritive  material,  but  it  seems 
that  the  facts  just  mentioned  as  to  the  continuous  and  successive  pellicle  and 
spore  formation  occurring  in  broth  are  incompatible  with  that  assertion  ; 
and,  besides,  the  formation  of  spores  in  other  bacilli  can  be  shown  to  take 
place  long  before  any  exhaustion  of  the  nutritive  matter  is  noticeable,  e.g. 
in  anthrax  bacilli,  in  the  tetanus  bacillus,  and  others.  In  the  bacillus 
filamentosus,  growing  on  agar  or  on  potato,  the  spore  formation  is  apparent 
even  before  the  first  day  is  over  and  long  before  the  active  growth  and 
multiplication  of  bacilli  all  round  is  finished.  In  some  species,  however,  that 
do  not  thrive  under  free  access  of  air  (e.g.  oedema  bacillus,  tetanus  bacillus) 
spore  formation  does  not  take  place  if  free  oxygen  is  present.  A  temperature 
of  at  least  16°  C.  is  required  for  the  formation  of  spores,  though  spore 
formation  occurs  in  all  temperatures  between  that  and  45°  ;  at  least,  spore 
formation  has  been  seen  to  occur  in  bacillus  anthracis  even  at  45°  C.  The 
mode  of  spore  formation  hitherto  described  is  that  of  endo-spores,  and 
it  ought  to  be  here  stated  that  many  species  of  bacilli  exist  in  which  no 
spore  formation  can  be  demonstrated — in  this  statement  we  rely  on  the 
morphological  as  well  as  the  experimental  test — e.g.  typhoid  fever  bacillus., 
bacillus  of  glanders,  of  diphtheria,  of  fowl  cholera,  fowl  enteritis,  and  many 
others.  So  far  as  actual  demonstration  is  concerned,  no  other  mode  of  spore 
formation  can  be  accepted  at  present.  A  mode  of  formation  of  spores  is 
described  by  Hueppe  to  occur  in  certain  spirilla,  according  to  whom  the 
comma-shaped  elements  and  the  spirilla  form  special  aggregations  of  pro- 
toplasm in  the  shape  of  terminal  granules,  to  which  the  value  of  spores  is 
ascribed,  and  which  are  called  arthro-spores.  But  the  evidence  and  proof  for 
this  is  quite  misatisfactory,  and,  judging  these  appearances  in  the  hght  of  the 
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characters  of  well- ascertained  spores  of  other  bacilli,  they  are  contrary  to  the 
assumption  of  spores.  These  arthro-spores  of  Hueppe  do  not  look  like 
spores,  do  not  behave  in  staining  like  spores,  and  do  not  behave  in  drying 
and  heating  experiments  like  spores.  In  the  first  place  they  do  not  differ  in 
aspect  from  ordinary  protoplasmic  granules  observable  in  some  of  these 
bacilli  under  all  conditions  ;  they  stain  in  the  ordinary  dyes  and  after 
the  ordinary  methods  like  the  ordinary  protoplasmic  contents  of  bacteria ; 
and  they  are  killed  by  drying  and  exposure  to  60°  C.  for  five  minutes. 

It  can  be  easily  shown  that  artificial  cultures  of  these  comma  bacilli  growing 
under  conditions  very  favourable  for  the  formation  of  real  spores  in  other  bacilli, 
e.g.  a  good  supply  of  oxygen,  temperature,  soil,  and  moisture,  contain  after 
some  weeks  and  months  those  granules  or  supposed  arthro-spores  in  enormous 
numbers  ;  in  fact,  there  is  almost  nothing  else  left,  and  yet  no  sub-cultures  can 
be  estabhshed  from  such  a  culture,  it  being  barren  of  all  life.  Structures 
have  been  described  also  in  the  typhoid  bacilli  as  occurring  in  potato  cultures, 
which  can  be,  however,  shown  by  special  modes  of  staining  to  be  different 
from  real  spores,  and  the  experimental  test  of  drying  and  heating  conclusively 
proves  that  they  are  not  comparable  to  spores. 

On  the  other  hand,  the  tubercle  bacilh  have  been  shown  experimentally 
(by  Koch  and  others)  to  possess  spores,  although  it  seems  difficult  to  identify 
them  under  the  microscope.  True,  there  are  present  in  microscopic  specimens 
made  of  fresh  material,  e.g.  tubercular  sputum,  bright  granules  within  many 
of  the  bacilli  which  might  be  taken  for  spores,  and  in  specimens  stained  after 
the  customary  method  of  staining  for  tubercle  bacilli,  numerous  stained  granules 
occur  in  the  bacilli — the  bacilli  appearing  beaded — but,  as  has  been  stated  above, 
most  of  them  are  merely  elementary  masses  of  protoplasm  segregated  in  the 
bacilli.  They  occur  in  some  tubercle  bacilli  more  numerously  than  in  others, 
e.g.  in  the  tubercle  bacilli  of  the  human  subject  they  are  common  ;  in  the 
tubercular  material  of  the  fowl  and  in  artificial  cultures  they  are  sometimes 
seen  with  great  regularity,  but  there  is  no  means  available  of  identifying  these 
granules  with  spores.  But  by  thorough  drying  of  tubercular  material  it  can 
be  shown  that  the  tubercle  microbes  remain  uninjured,  and  that  heating 
them  up  to  100°  C.  for  a  minute  leaves  the  tubercle  bacilli  unharmed. 

Spores  have  been  described  also  of  some  micrococci,  but  here  again  certain 
differentiation  of  structure  cannot  be  taken  as  proving  the  existence  of  spores. 
The  writer  has  examined  very  numerous  preparations  of  the  most  varied 
cultures  of  different  species  of  micrococci,  and  the  test  of  drying  and  heating 
to  70°  C.  proves  them  barren  of  anything  comparable  to  the  well-known  spores 
present  in  some  species  of  bacilli.  He  also  examined  experimentally  various 
species  of  spirilla,  and  agrees  with  Koch  that  no  spore  formation  can  be 
demonstrated  in  them.  We  arrive  then  at  the  conclusion  that  real  spore 
formation,  or  the  formation  of  permanent  seeds  capable  of  retaining  life  under 
very  adverse  conditions,  and  under  favourable  conditions  capable  of  germinating 
and  of  giving  origin  to  a  new  brood  of  the  same  species,  can  be  shown  to  exist 
only  in  certain  limited  species  of  bacilli,  but  not  in  micrococci  or  spirilla.  These 
real  spores  are  endo-spores,  they  are  formed  within  the  protoplasm  of  the 
bacillary  elements  under  favourable  conditions,  and  they  have  certain  definite 
morphological  and  experimental  characters  of  their  own,  at  the  same  time  re- 
presenting as  it  were  the  last  phase  in  the  life-history  of  these  bacilli.  Bacilh 
or  bacteria  not  capable  of  this  power  of  producing  spores,  though  they  go  on 
multiplying  as  long  as  the  conditions  of  nutriment,  temperature,  chemical  by- 
products, competition,  &c.,  permit  of  it,  ultimately  degenerate,  some  sooner, 
some  later.  To  propagate  their  species  they  must  as  living  bacilli  find  access 
to  new  soil  before  the  stage  of  degeneration  is  reached,  whereas  in  the  spore- 
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bearing  bacteria  their  spores  can  remain  dormant,  but  possessing  potential 
life  for  indefinite  periods. 

Tlie  statement  has  been  occasionally  made  that  spores  are  capable  of 
dividing,  and  thus  giving  origin  to  two  new  spores.  The  writer  has  not  been 
able  to  detect  anything  of  this  sort ;  he  has  never  seen  any  appeara,nces  that 
would  indicate  such  a  division.  True,  in  bacillus  anthracis,  in  bacillus  fila- 
mentosus,  and  in  some  species  of  '  potato  bacillus,'  spore  formation  may  be 
going  on  so  copiously  that  at  some  places  every  element  constituting  the  threads 
contains  a  spore,  some  of  the  sjpores  closely  adjoining  one  another,  sometimes  so 
closely  that  it  looked  as  if  they  were  the  two  elements  of  a  dumb-bell,  and  here 
a  division  of  one  spore  into  two  could  be  thought  of ;  but  in  these  places  the 
elements  of  the  threads  were  extremely  short  and  the  spore  occupied  the  main 
part  of  each  element.  It  is  also  a  fact  that  spherical  globules  occurring  in  some 
bacilli  and  being  in  aspect  and  staining  power  comparable  to  young  phases  of 
spores,  are  occasionally  met  with  as  dumb-bells  within  the  same  element ;  but 
as  regards  the  oval,  bright,  unmistakable  spores  so  prominent  in  the  bacilli 
and  their  threads  (bacillus  anthracis,  bacillus  subtilis,  bacillus  filamentosus, 
bacillus  mesentericus,  &c.),  it  is  very  doubtful  whether  they  are  capable  of 
di\'iding  or  of  undergoing  any  other  change  than  that  of  germination  into 
bacilli  when  they  are  transferred  to  new  soil. 

Spores  when  placed  under  suitable  conditions  germinate  again  into  bacilli. 
This  is  easily  observed  if,  for  instance,  a  trace  of  any  culture-material  containing 
spores  is  placed  on  a  cover-glass,  then  covered  with  a  tiny  droplet  of  gelatine 
which  is  made  to  set  rapidly,  or  in  a  droplet  of  broth  ('  suspended  drop  '),  and 
is  then  observed  under  the  microscope,  particularly  in  the  latter  medium, 
which  can  be  kept  on  the  warm  stage  heated  to  37°  C. 

Spores  while  fresh  have  a  conspicuously  sharp  and  dark  outline,  their 
general  aspect  is  glistening,  and  it  is  supposed  by  Cohn  that  they  are  possessed 
of  a  double  envelope,  an  inner  one  of  a  fatty  and  an  outer  one  of  a  gelatinous 
nature  :  it  is  particularly  the  former  which  provides  the  spores  with  their  great 
resistance  to  drying  and  to  heat.  The  first  indication  that  the  spores  are 
going  to  germinate  is  shown  by  their  outline  becoming  less  sharp  at  one  point. 
This  is  generally  at  one  of  the  poles,  as  in  the  case  of  the  spores  of  bacillus 
anthracis,  bacillus  filamentosus,  and  bacillus  subtilis  ;  or  it  is  at  one  point  of 
the  long  side,  e.g.  in  bacillus  amylobacter,  and  also  in  the  spores  of  some  of  the 
species  collectively  spoken  of  as '  potato  bacillus  ; '  the  investment  seems  to 
become  thinner  at  that  point  and  a  slight  pale  knob  appears  there.  This  knob 
gradually  elongates  in  the  form  of  a  pale  rod  thinner  than  the  spore  itself ;  as  it 
elongates,  it  protrudes  more  and  more  from  the  rest  of  the  spore,  its  free  end 
being  rounded,  while  at  the  same  time  the  rest  of  the  spore  outline  becomes 
thinner  and  less  dark ;  ultimately  the  whole  spore  has  been  consumed  as  it 
were  in  the  formation  of  the  rod,  which  now  looks  like  a  cylindrical  bacillus  of 
the  same  character  and  aspect  as  the  bacilli  from  which  originally  the  spore  had 
been  derived.  The  bacillus  once  formed  divides  and  then  continues  to  grow 
and  multiply.  The  time  required  for  the  production  of  a  bacillus  from  a  spore 
varies  with  the  different  species.  Koch  observed  the  germination  of  the  spore 
into  a  bacillus  anthracis  to  be  completed  in  about  an  hour  ;  the  writer  has 
observed  the  time  required  for  the  complete  formation  of  a  bacillus  from  a  spore 
of  the  bacillus  filamentosus  in  broth,  in  the  '  suspended  drop,'  at  37°  C.  to 
be  certainly  less  than  one  hour  ;  that  of  bacillus  anthracis  between  one  hour 
and  a  half  and  two  hours ;  that  of  the  bacillus  subtilis  of  hay  infusion  to  be 
more  than  one-half  but  less  than  one  hour.  Occasionally  one  meets  in  these 
observations  with  motile  bacilli  to  which  a  spore  which  has  not  yet  com- 
menced to  germinate  is  attached  and  is  dragged  about  by  the  former :  this 
evidently    indicates    that    of  two    spores   originally  joined   by   interstitial 
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material  {see  spores  in  threads),  only  one  has  already  changed  into  a  motile 
bacillus,  the  other  has  not  yet  so  changed. 

As  must  be  obvious  from  the  examination  of  micrococci,  bacilli,  and  spirilla 
in  fresh  specimens,  the  differentiation  of  the  various  species  belonging  to  each 
of  these  three  great  groups  is  based  on  a  number  of  points  which,  in  some 
cases,  are  easily  detected,  but  in  others  only  with  great  difficulty.  As 
regards  micrococci,  where  the  difference  in  the  size  of  the  microbes  belong- 
ing to  different  species  is  conspicuous,  the  diagnosis  is  not  difficult ;  hkewise 
in  the  case  of  bacilH  where  some  species  are  motile,  others  not ;  or  where 
some  bacilli  have  in  a  prominent  degree  the  capability  of  growing  into  threads 
or  of  forming  spores,  others  not ;  or  where  some  micrococci  easily  and 
readily  form  chains,  others  not — in  all  these  the  diagnosis  is  not  difficult. 
But  from  what  has  been  said  in  the  foregoing  pages  it  must  be  evident  that 
there  are  a  good  many  species  of  micrococci,  bacilli,  and  spirilla,  which, 
though  totally  distinct  amongst  themselves,  as  will  be  presently  shown 
when  describing  their  cultural  characters,  are,  nevertheless,  in  all  the  above 
points  alike.  In  such  species  we  may  find,  for  instance,  great  resemblance 
in  size  and  aspect ;  and  we  may  find  in  the  case  of  micrococci  that  they  are 
alike  capable  of  forming  chains,  or  in  the  case  of  bacilli  that  they  are 
similar  as  to  size,  motility,  power  of  forming  threads  and  spores ;  and  in 
the  case  of  spirillum  that  they  are  alike  as  to  size,  aspect,  and  motility. 
Or,  to  take  another  character ;  some  species  of  micrococci  and  bacilli  are 
capable  of  forming  pigments ;  now,  not  a  few  of  these  form  apparently  the 
same  kind  of  pigment  and  also  under  the  microscope  look  very  much  alike, 
yet  it  can  be  shown  by  other  methods  that  they  are  different  species.  This 
differentiation  is  possible  by  observing  the  mode  of  growth  of  these  microbes 
on  artificial  culture  media,  and  their  different  characters  on  and  in  these 
furnish  in  most  instances  a  ready  and  conspicuous  means  of  diagnosis  and 
differentiation.  These  characters  are  generally  spoken  of  as  biological 
characters,  to  distinguish  them  on  the  one  hand  from  purely  morphological, 
such  as  are  exhibited  by  them  under  microscopic  examination,  and,  on  the 
other,  from  physiological,  such  as  can  be  ascertained  by  taking  into  con- 
sideration their  chemical  activity  and  their  influence  on  living  or  non-living 
(organic)  matter.  Before  entering  on  the  study  of  these  biological  characters 
we  shall  give  a  short  account  (1)  of  the  methods  used  in  studying  the 
morphological,  and  (2)  of  the  methods  used  in  studying  the  biological 
characters  of  bacteria. 


CHAPTEE  III 

STUDY  OF  THE  MOBPHOLOGY   OF  BACTEBIA 

Examination  in  the  Fkesh  State 

The  first  and  simplest,  and  at  the  same  time  a  very  interesting  study  is  the 
study  of  bacteria  in  the  perfectly  fresh  state  under  a  sufficiently  high  magni- 
fying power  (300-500  diams.).  Hereby  the  shape,  size,  motility,  and  general 
aspect  are  observed.  The  preparation  is  made  by  placing  a  drop  of  the 
material  (artificial  culture,  tissue  juice,  or  blood,  as  the  case  may  be),  or  if  solid 
by  placing  a  trace  in  a  drop  of  neutral  (0*75  per  cent.)  saline  solution  or  water 
previously  sterilised  by  boiling,  on  a  glass  slide,  and  then  covering  it  with 
a  cover-glass.  Shape,  size,  motility,  and  spores  are  easily  observed  by  this 
method  of  study.  An  important  method  for  observing  the  growth,  multipli- 
cation, formation,  and  germination  of  bacteria  and  spores  is  the  study  in  the 
*  suspended  drop.'     This  means  that  a  drop  of  the  sterile  nutritive  material 
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containing  the  bacteria  is  placed  on  a  sterile  cover-glass.  This  is  fastened 
by  sterile  oil,  wax,  paraffin,  or  shellac  on  an  object-glass  over  a  shallow  pit 
cut  out  of  it,  i.e.  Koch's  hollow  glass  slide,  or  over  a  low  glass  ring  cemented 
to  the  object-glass.  The  simplest  method  is  the  one  used  in  the  observa- 
tions mentioned  above  on  the  period  required  for  division  of  the  different 
bacteria.  It  is  this  :  With  a  sterile  platinum  needle  a  very  tiny  trace  of  the 
bacterial  culture  is  deposited  in  the  middle  of  a  clean  and  sterile  ^  cover- 
glass  ;  then  to  it  is  added  a  thin  film  of  gelatine  or  agar  deposited  with  a 
sterile  glass  rod  from  a  test  tube  containing  sterile  nutrient  gelatine  or  agar 
on  the  point  of  liquefaction.  The  film  sets  almost  instantaneously.  The 
cover-glass  is  inverted,  and  fixed  on  in  the  above  manner  to  a  low  glass  ring 
cemented  on  to  a  glass  slide.  Since  the  bacteria  are  near  the  under- 
surface  of  the  cover-glass,  the  observation  can  be  made  with  high  powers. 
If  the  observation  requires  a  temperature  higher  than  that  of  the  room,  up 
to  37°  C,  the  glass  slide  is  kept  on  a  warm  stage. 

Staining  of  Bacteria 

In  the  next  place  the  bacteria  are  studied  in  stained  specimens :  {a)  in 
cover-glass  specimens,  and  (6)  in  sections.  The  cover-glass  specimens  are 
prepared,  after  the  Weigert-Koch  method,  by  carefully  spreading  a  thin  film 
(the  thinner  the  better)  of  the  culture,  tissue  juice,  blood,  &c.,  pure  or  after 
dilution  with  sterile  salt  solution,  over  the  middle  of  a  clean  cover-glass. 
Where  the  material  is  fluid  or  semi-fluid,  this  of  course  can  be  done  with- 
out the  addition  of  any  fluid  ;  but  where  this  is  not  the  case,  a  particle  of 
the  matter  to  be  examined  is  distributed  in  a  droplet  of  sterile  salt  solution 
and  rubbed  in  a  thin  film  over  a  cover-glass.  Then  this  film  is  rapidly  dried 
by  holding  the  cover-glass  over  the  flame  of  a  spirit  lamp  or  gas  burner,  but 
care  is  taken  that  no  over-heating  or  charring  takes  place  ;  the  heating  ought 
to  be  carried  to  such  point  that  touching  the  palm  of  the  hand  with  the 
cover-glass  is  just  bearable.  If  the  heating  is  not  carried  to  a  sufficient 
degree,  the  danger  is  that,  besides  the  bacteria,  also  the  ground  substance 
(plasma  of  blood,  the  matrix  of  tissues  in  which  bacteria  are  present,  broth, 
gelatine,  &c.)  becomes  stained  ;  if  the  heating  is  carried  too  far,  even  if  there  is 
no  charring,  the  danger  is  that  nothing  will  stain  distinctly.  Passing  the  cover- 
glass  rapidly  three  to  ten  times  through  the  top  of  the  gas  flame  is  generally 
sufficient,  or  with  great  advantage  the  cover-glass  after  drying  is  steeped  for  a 
few  seconds  in  acetic  acid  (1  :  2  or  3  of  water),  then  washed  in  water  and 
dried  again.  Then  the  cover-glass  with  the  side  containing  the  film  is  placed 
over  the  solution  of  the  dye  contained  in  a  watch-glass,  and  left  there  for 
the  time  required  to  well  stain  the  bacteria.  This  time  is  very  variable  in 
the  case  of  the  different  dyes,  and  in  that  of  the  different  bacteria,  and  must 
be  learnt  by  practice  and  by  experiments  almost  for  each  case  separately, 
as  it  is  impossible  to  state  any  hard-and-fast  rule  that  would  apply  to  all 
conditions.  But  there  are  certain  rules  of  thumb  which  might  be  useful  in  a 
general  way :  The  dyes  that  are  very  useful  for  almost  all  cases,  with  few 
exceptions,  are  :  gentian  violet,  methyl  or  methylene  blue,  fuchsin,  Spiller's 
purple,  and  rubin.  Gentian  violet,  fuchsin,  or  methyl  blue  are  with,  great 
advantage  used  mixed  with  aniline  water  ;  fuchsin,  gentian  violet,  or  methyl 
blue  are  very  useful  with  carbol  water,  rubin,  and  Spiller's  purple  as  2  per 
cent,  watery  solutions.  Aniline  water  dyes  are  made  thus :  Water  is 
saturated  by  repeatedly  shaking  it  in  a  bottle  with  aniline  oil  and  letting  it 

*  A  sterile  cover-glass  is  always  understood  to  be  a  cover-glass  which  has  been 
sterilised  by  passing  it  through  the  gas  flame  several  times  or  holding  it  above  it  for 
several  seconds. 
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stand  for  several  days  ;  of  this  100  c.c.  are  taken :  to  tliem  are  added  11  c.c. 
of  a  saturated  alcoholic  solution  of  fuchsin,  or  gentian  violet,  or  methyl  blue, 
or  methyl  violet :  Mix  well,  and  filter  into  a  stoppered  bottle  (Weigert's  dyes). 

Carbol  fuchsia,  carbol  methyl  blue,  or  carbol  gentian  Aiolet  are  prepared 
like  aniline  "water  dyes,  but  instead  of  the  saturated  aniline  water  saturated 
carbol  water  (1  in  20)  is  used. 

A  2  per  cent,  watery  solution  of  a  dye  is  made  thus  :  2  grammes  of  the 
solid  dye  are  rubbed  up  in  a  mortar  with  10  c.c.  of  absolute  alcohol ;  then, 
while  mixing  over  a  flame,  100  c.c.  of  distilled  water  are  gradually  added  till 
all  is  dissolved. 

In  many  cases  methyl  blue  is  used  with  great  advantage  after  LofQer's 
method,  viz.  methyl  blue  (saturated  watery  solutionj  with  equal  volume  of 
potassic  hydrate  (1  in  10,000). 

Gentian  violet,  methyl  blue,  methyl  violet,  fuchsin,  Bismarck  brown,  or 
vesuvin,  rubin,  iodine  green,  dahlia,  bpiller's  pm'ple,  Victoria  ^dolet,  and  a 
host  of  other  basic  aniline  dyes  are  used  ;  some,  hke  methyl  blue,  methyl 
violet,  gentian  violet,  Humboldt's  blue,  and  Humboldt's  violet,  and  fuchsin, 
are  useful  sometimes  as  saturated  watery,  sometimes  as  saturated  alcohohc, 
solutions. 

The  cover-glass  specimens  are  left  in  contact  with  the  dye  for  from  a  few 
minutes  to  several  hours — sometimes  exposure  for  as  many  as  twenty-four 
hours  is  required.  Keeping  the  cover-glass  with  the  film  downwards  over  the 
dye  in  a  watch-glass  covered  up  with  a  second  watch-glass  at  a  temperature 
from  35-40°  C.  increases  in  all  cases  the  progress  of  staining ;  holding  it 
carefully  over  a  flame  till  the  dye  begins  to  steam  reqrures  only  a  minute 
or  so ;  where  in  a  given  case  twenty  to  thirty  minutes  are  sufficient  for 
achieving  a  result  when  the  staining  is  carried  on  at  the  ordinary  tempera- 
ture, five  minutes  at  37°  C.  produces  the  required  result ;  when  one  to  two 
hours,  at  ordinary  temperature,  are  required,  twenty  to  thh'ty  minutes'  heat- 
ing to  87°  C.  produces  the  result.  Many  if  not  most  bacteria  in  cover- glass 
specimens  stain  sufficiently  well,  in  AYeigert's  gentian  violet,  in  Weigert's 
methyl  blue,  or  in  carbol  fuchsin  in  fifteen  to  thirty  mmutes  at  ordinary 
temperature,  in  five  to  ten  minutes  at  37°  C,  in  a  minute  or  two  at  65°  C. 
Then  the  cover-glasses  are  removed  from  the  dye,  well  washed  in  common 
water — warm  water  being  better  than  cold — then  distilled  water,  next  dried 
to  remove  all  water,  and  mounted,  fihn  downwards,  in  a  drop  of  Canada 
balsam  or  dammar  varnish.  The  cover-glass  is  ultimately  sealed  do\\-n  on 
its  edges  with  a  narrow  thin  layer  of  HoUis'  glue. 

In  some  cases  after  washing  with  water,  a  good  but  rapid  washing  with  alcohol  to 
remove  the  excess  of  the  dye,  and  to  bring  out  finer  differences  of  structure,  is  required. 
In  some  few  cases  this  is  not  practicable,  since  the  alcohol  too  easily  removes  the  dye  from 
the  bacteria  themselves,  thus,  in  the  case  of  spirilla  the  washing  in  alcohol  must  be  carried 
out  very  carefully,  i.e.  very  rapidly,  one  dip  in  alcohol  being  suthcient.  In  other  cases 
this  washing  is  not  required,  e.g.  when  staining  ydih.  methylene  blue,  whereas  when 
staining  with  Weigert's  gentian  violet  the  washing  in  alcohol  is  often  necessary  in 
order  to  remove  the  dye  fi'om  all  except  the  bacteria,  this  dye  having  the  undesirable 
faculty  of  seizing  upon  everything  present  in  addition  to  the  bacteria.  But  whenever 
the  process  of  heating  the  cover-glass  specimen  in  the  first  instance  has  been  carried 
out  successfully,  and  the  staining  has  not  been  overdone,  simple  good  washing  in 
water  is  sutficient  to  insure  a  satisfactory  result.  A  successfully  stained  cover-glass 
specimen  should  show  the  bacteria  alone  conspicuously  stained;  also  when  nuclei  of  tissue 
cells  are  present  these  are  well  stained,  but  no  tissue  fibres,  tissue  granules,  mucus,  fibrin, 
or  other  ground  substance  should  have  the  stain. 

In  order  to  stain  cover-glass  specimens  with  two  dyes  it  is  best  to  use  one  stain  after 
the  other,  the  two  stains  being  a  contrast  in  colouration  :  red  and  blue,  blue  and  red,  blue 
and  brown,  red  and  brown.     Contrast  stains  are :  violet  (gentian  violet  or  methyl  violet) 
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and  vesuvin,  methyl  blue  and  eosin,  methyl  blue  and  fuchsin,  methyl  blue  and  vesuvin, 
fuchsin  and  vesuvin,  rubin  and  methyl  blue,  or  vice  versd.  If  it  is  desired  to  demon- 
strate in  different  and  contrast  colours  different  parts  of  bacteria,  e.g.  the  capsules  and 
the  bacteria  themselves,  the  bacteria  and  their  spores,  granules  in  bacteria  and  their  pro- 
toplasm, or  the  bacteria  and  the  tissue-elements  (blood  corpuscles,  pus-corpuscles)  present 
in  the  specimen,  double-staining  is  resorted  to.  The  cover-glass  specimen  after  heating 
is  stained  in  one  dye,  then  \Yashed  in  water,  alcohol,  very  dilute  nitric  or  other  acid 
(HCl  or  acetic)  as  the  case  may  be,  or  treated  in  decolourising  reagents,  e.g.  carbonate  of 
potash,  iodine,  ferrocyanide  of  potassium,  &c.  {see  below),  then  stained  with  the  contrast 
stain,  washed,  dried,  and  mounted.  For  a  successful  double  staining  the  proper  degi-ee  of 
staining  and  washing  with  each  dye  must  be  carefully  attended  to,  and  for  this  purpose  pre- 
liminary exxDerimenting  is  essential,  for  what  yields  success  in  one  case  does  not  in  another. 
To  illustrate  this  point  by  dift'erent  examples  :  (1)  Anthrax  bacilli  of  blood.  A  thin  film  of 
blood  of  spleen  or  heart  of  an  animal  dead  of  anthrax  is  spread  out  on  a  cover-glass,  dried, 
and  well  heated,  then  this  cover-glass  is  placed  in  Weigert's  methyl  blue  or  carbol  methyl 
blue  ;  after  thirty  minutes  at  ordinary  temperature  the  cover-glass  is  well  washed  in  water, 
and  then  placed  in  an  alcoholic  solution  of  eosin  ;  herein  the  specimen  is  left  for  a  few 
seconds  to  half  a  minute,  then  washed  in  water,  dried,  and  mounted  in  balsam  ;  the  bacilli 
anthracis  and  the  nuclei  of  the  white  blood-corpuscles  are  in  many  places  deeply  blue,  the 
red  blood-corpuscles  bright  red  ;  in  some  places  the  blue  has  been  altogether  driven  out  by 
the  red  from  all  bacilli  and  blood-corpuscles.  The  point  to  be  attained  is  that  the  blue  is 
driven  out  from  the  red  corpuscles  only  ;  if  too  little  staining  in  eosin,  then  also  the  red 
blood-corpuscles  have  a  bluish  colour :  the  point  to  be  avoided  is  driving  out  the  blue 
from  all  bacilli  and  blood-corpuscles.  Eeversed  use  of  methyl  blue  and  eosin  often 
yields  good  results.  A  simple  and  excellent  method  of  double  staining  is  the  following  : 
Cover-glass  specimens  are  prepared  by  well  drying  a  thin  film  of  the  material :  blood,  spleen 
juice,  lung  juice,  pus,  &c. ;  they  are  then  placed  in  a  2  per  cent,  watery  solution  of  rubin, 
kept  there  for  half  an  hour  or  more  at  ordinary  temperature — if  warmed  to  40  or  50'^  C.  ten 
minutes  suffices — then  washed  in  water  and  placed  in  methyl  blue  anihne  water  {see  above) 
for  one-half  to  two  minutes.  In  this,  however,  different  bacteria  differ,  for  while  some 
take  up  the  blue  rapidly,  others  do  it  less  so  ;  if  the  cover-glass  specimens  have  been 
stained  for  hours  in  rubin,  the  time  for  the  second  or  blue  staining  can  be  extended  to  a 
few  minutes.  Then  wash  well  for  a  few  minutes  in  distilled  water,  dry,  and  mount  in 
balsam.  The  red  blood-eoi-puscles  are  stained  pink,  the  bacteria  deep  blue  ;  leucocytes 
and  other  cells  are  pink  in  their  substance,  blue  in  their  nuclei.  By  staining  the  cover- 
glass  specimens  first  in  rubin  the  bacteria  present  take  up  afterwards  the  blue  much 
more  readily  than  if  stained  directly  in  blue.  By  this  method  the  writer  has  obtained 
excellent  and  beautiful  specimens  of  a  large  number  of  bacteria  in  fresh  tissues.  (2)  A 
cover-glass  specimen  of  anthrax  blood  is  stained  in  gentian  violet  aniline  water  or  in 
ordinary  watery  solution  of  gentian  violet  or  methyl  violet  for  thirty  minutes,  washed  in 
alcohol,  then  placed  in  a  dilute  solution  of  iodine  in  iodide  of  potassium  for  a  few  seconds 
till  the  colour  of  the  specimen  changes  into  purple,  then  washed  in  alcohol  and  placed  in  a 
solution  of  eosin  or  vesuvin  for  a  few  seconds  to  half  a  minute,  next  washed  in  water, 
dried,  and  mounted  in  balsam  :  the  bacilli  are  blue,  the  blood-corpuscles  are  red  or  brown  : 
this  method  is  the  method  of  Gram.  (3)  A  cover-glass  specimen  of  the  capsulated  bacillus 
of  Friedlander  is  stained  in  methyl  blue  aniline  water,  washed  in  alcohol,  next  kept  in 
alcoholic  eosin  solution  for  several  seconds  (ten  to  thirty),  then  washed  in  water,  dried,  and 
mounted  in  balsam  :  the  bacilli  themselves  are  blue,  the  capsules  are  pink.  (4)  A  particle 
of  tubercular  sputum,  or  tnbercular  deposit  of  any  organ,  is  spread  out  in  a  thin  film  on  a 
cover-glass,  dried,  and  heated  as  above,  and  then  placed  over  carbol  fuchsin  solution,  as 
above  described,  kept  therein  for  thirty  minutes  at  37°  C,  at  ordinary  temperature  for 
one-half  to  one  hour,  then  washed  in  warm  water,  then  washed  for  five  to  thirty  seconds 
in  a  solution  of  nitric  acid  of  the  strength  of  one  part  of  commercial  nitric  acid  in  three 
to  ten  parts  of  water,  next  washed  in  water  and  placed  over  methyl  blue  aniline  water  for 
half  a  minute  at  ordinary  temperature,  then  washed  in  water,  dried,  and  mounted  in  balsam  : 
the  tubercle  bacilli  are  red,  all  other  corpuscles,  cells,  nuclei,  and  septic  bacteria  are  blue. 
(5)  To  stain  spores  in  bacilK.  Spores  do  not  stain  after  the  ordinaiy  methods  so  long 
as  they  are  alive  ;  they  refuse  to  take  any  dye  unless  they  are  previously  killed ;  and 
therefore  in  ordinarily  stained  specimens  the  bacilli  are  stained,  but  the  spores  remain 
without  colour.  The  ordinary  method  of  drying  does  not  kill  them,  and  it  is  accordingly 
necessary  first  to  overheat  the  cover-glass  specimen  sufficiently.  This  is  effected  by  draw- 
ing the  cover-glass  specimen  several  times  (ten  to  twenty  times)  through  the  gas  flame,  or 
by  holding  it  a  good  way  above  a  small  flame  for  several  seconds  up  to  half  a  minute,  till 
the  cover-glass  is  so  hot  that  touching  it  with  the  palm  of  the  hand  would  produce  an 
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unpleasant  sensation ;  but  of  course  the  heating  must  stop  short  of  charring.  The 
specimen  is  then  put  on  a  carbol  fuchsin  solution  and  kept  there  at  37°  C.  for  one  half 
to  one  hour,  or  the  watch-glass  containing  the  carbol  fuchsin  solution  and  the  cover-glass 
specimen  is  covered  with  another  watch-glass,  and  is  then  rapidly  heated  over  a  flame  till 
boiling  point  of  the  fuchsin  is  reached  ;  then  the  specimen  is  washed  in  water — sometimes 
it  is  necessary  to  dip  it  once  or  twice  in  alcohol— and  placed  in  methyl  blue  aniline 
water  for  twenty  to  forty  seconds,  then  washed  in  water,  dried,  and  mounted  in  balsam  : 
the  bacilli  and  their  threads  are  blue,  the  spores,  both  those  in  the  bacilli  as  also  those 
that  are  free,  are  bright  red.  The  same  effect  is  produced  if,  instead  of  carbol  fuchsin,  a 
2  per  cent,  watery  solution  of  rubin  is  used,  the  rubin  being  heated  over  the  flame  till  the 
first  bubbles  appear,  washed  in  water,  then  quickly  stained  in  methyl  blue.  Another  method 
is  this :  treat  the  cover-glass  specimen  as  above,  i.e.  stain  in  fuchsin,  then  pass  through 
nitric  acid  (1  :  10),  wash  in  water,  stain  in  methyl  blue,  wash  in  water,  dry,  and  mount ;  the 
spores  are  red,  the  bacilh  blue.  The  spores  appear  deeply  stained  also  in  specimens  stained 
with  one  dye  only,  provided  the  specimen  has  been  previously  well  overheated  ;  and  in  such 
a  case,  while  the  colour  can  be  easily  removed  from  the  bacilli  either  completely  or  brought 
down  to  a  faint  tint  by  washing  the  specimen  in  alcohol  after  the  staining,  the  spores 
retain  the  colour  with  great  persistency. 

Another  useful  method  of  staining  bacteria  in  a  thin  fllm,  i.e.  in  a  cover-glass  specimen, 
is  the  Warsowa  method.  This  method  gives  very  good  results,  and  shows  the  bacteria  and 
other  tissue  elements  in  their  natural  shape  and  size,  which  occasionally  is  not  the  case 
in  the  dried  cover -glass  specimens,  e.g.  if  the  film  dried  is  not  thin.  The  method  is  this  : 
A  thin  film  of  the  material  is  spread  out  on  a  cover-glass  and  then  immediately  placed  film 
downwards  on  a  saturated  solution  of  mercuric  chloride,  contained  in  a  watch-glass,  and 
kept  there  for  five  minutes,  next  over  alcohol  for  ten  minutes,  then  placed  over  the  stain, 
fllm  downwards  ;  after  it  is  well  and  sufficiently  stained,  it  is  washed  in  water,  then  placed 
in  alcohol  for  a  few  minutes,  next  placed  over  clove  oil  for  a  few  seconds,  then  over 
xylol,  also  only  for  a  few  seconds;  the  xylol  is  drained  off  with  blotting-paper  and  the 
cover-glass  specimen  is  mounted  in  balsam.  If  the  right  amount  of  washing  in  alcohol 
is  reached,  this  method  yields  excellent  results,  and  shows  the  ba.cteria  and  tissue 
elements  more  in  their  natural  shape,  size,  and  outline  than  the  Weigert-Koch  method 
of  drying :  the  drawback  is  that  the  stain  is  not  easily  removed  from  the  tissue  ground- 
work, and  that  this  ground  substance,  owing  to  its  being  coagulated  by  the  mercuric 
chloride,  takes  easily  the  stain.  If  the  fllm  placed  on  the  cover-glass  is  not  thin,  it  is  hable 
to  come  off  in  the  mercuric  solution  and  in  the  alcohol,  but  if  it  is  applied  thin  it  becomes 
fixed  by  the  mercuric  solution  as  a  thin  coagulated  opaque  layer,  which  the  subsequent 
washings  in  the  various  fluids  do  not  easily  remove.  (For  Loffler's  method  of  first  treat- 
ing cover-glass  specimens  with  ink  (tannin  and  ferrous  sulphate)  and  then  staining  with 
aniline  water  methyl  violet,  methyl  blue,  or  carbol  fuchsin  in  order  to  stain  the  flagella,  see 
'  Centralbl.  f.  Bact.  und  Parasit.'  IV.  Bd.  No.  8,  9,  p.  209.) 

The  methods  of  preparing  thin  sections  of  tissues  and  the  methods  of  mounting  them 
for  permanent  specimens  are  not  subjects  to  be  specially  described  here,  since  these  are 
matters  which  concern  the  general  methods  used  in  normal  and  pathological  histology. 
It  is  sufficient  to  say  that  any  means  by  which  thin  sections  of  a  fresh  or  hardened  tissue 
are  obtainable  are  good  :  whether  this  be  by  a  freezing  microtome  of  one  kind  or  another, 
whether  by  ice  freezing  or  ether  freezing  makes  no  sort  of  difference.  Cathcart's  ether 
freezing  microtome  or  Eoy's  ether  freezing  microtome,  or  the  Cambridge  microtome  for 
ribbon  cutting,  answer  every  purpose.  But  we  should  recommend  that  the  hardening  of  the 
tissues  (always  in  small  bits)  be  carried  out  in  Miiller's  fluid  or  in  alcohol,  though  the  former 
is  in  many  cases  preferable.  In  the  former  the  bits  of  tissue  remain  for  two  to  three  weeks, 
then  are  transferred  to  methylated  spirit  66  per  cent.,  and  after  a  week  to  pure  methylated 
spirit.  What  we  are  here  concerned  with  are  the  methods  of  staining  the  sections.  If 
these  are  made  of  fresh  tissues,  they  must  be  put  into  salt  solution,  not  water ;  but  if 
previously  hardened,  directly  into  water.  In  both  instances,  before  being  placed  into  the 
staining  fluid  they  are  transferred  to  methylated  alcohol.  In  the  case  of  the  sections 
from  fresh  tissues,  this  transferring  them  from  the  salt  solution  into  alcohol  is  not  with- 
out risk  of  then  shrivelling  up  too  much,  and  for  this  purpose  they  ought  to  be  spread 
out  on  a  section-hfter  in  the  salt  solution,  and  then,  before  floating  them  into  the  alcohol, 
the  salt  solution  must  be  removed  as  much  as  possible,  so  that  the  edges  here  and  there 
become  fixed  on  the  section-lifter  ;  then  a  few  drops  of  alcohol  are  dropped  on  to  the 
section  to  coagulate  and  fix,  as  it  were,  the  elements,  so  that  when  finally  floated  into  the 
alcohol  the  tendency  of  the  section  to  shrink  is  greatly  reduced. 

For  staining  of  sections  the  same  dyes  are  used  as  are  mentioned  above,  and  as  regards 
simple  staining  very  little  is  necessary  to  add  to  what  has  been  said  on  a  former  page  of 
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staining  of  cover-glass  specimens.  The  sections  are  floated  by  means  of  the  section-hfter 
from  the  methylated  alcohol  into  the  dye  and  left  there,  according  to  the  character  of  the 
dye,  the  thickness  of  the  section,  and  the  nature  of  the  bacteria,  from  ten  or  thirty  minutes 
to  an  hour  and  more :  in  some  cases  it  is  necessary  to  leave  them  twenty-four  hours. 
Also  here  staining  at  35°-37°  C.  is  more  rapid  than  at  ordinary  temperature.  Then  the 
sections  are  washed  in  water  and  passed  into  methylated  alcohol ;  there  they  remain  for 
some  minutes  (two  to  ten)  according  to  the  amount  of  dye  that  it  is  required  to  remove 
from  the  section.  In  the  case  of  carbol  methyl  blue,  methyl  blue  aniline  water,  vesuvin,  the 
treatment  with  alcohol  must  be  carried  out  more  carefully  than  after  staining  with  gentian 
violet  aniline  water,  carbol  fuchsin,  rubin,  Humboldt's  blue  and  violet,  and  methyl  violet, 
since  in  the  former  the  dye  is  more  easily  removed  by  the  alcohol  than  in  the  latter.  It 
is  therefore  advisable  when  using  Spiller's  purple,  methyl  blue,  or  vesuvin  to  rather  over- 
stain  the  sections  in  the  first  instance  ;  and  when  using  gentian  violet,  methyl  violet,  carbol 
fuchsin,  or  Humboldt's  blue,  to  leave  the  sections  in  methylated  alcohol  for  a  considerable 
time.  From  the  methylated  alcohol  the  sections  are  transferred  to  absolute  alcohol  for  a 
minute  or  so  in  order  to  completely  dehydrate  them.  This  alcohol  also  removes  some  of 
the  dye ;  but  if  this  be  not  desirable,  it  is  a  good  plan  previously  to  colour  the  absolute 
alcohol  with  a  droplet  of  the  dye.  From  absolute  alcohol  the  sections  are  passed  through  oil 
of  cloves  for  a  few  seconds  ;  this  has  great  power  to  withdraw  the  stain  from  the  sections, 
and  it  is  therefore  good  to  stain  this  previously  with  a  droplet  of  the  dye.  Finally, 
the  sections  are  placed  in  xylol  for  a  few  seconds  to  fix  the  dye,  and  then  mounted  in 
balsam. 

For  double  staining  of  sections  the  same  principles  obtain  as  were  mentioned  above 
in  connection  with  the  cover-glass  specimens.  We  will  here  give  a  few  illustrations  :  (1) 
Double  staining  of  sections  ^vith  Weigert's  gentian  violet  and  eosin,  rubin  and  methyl  blue, 
Weigert's  methyl  blue  and  eosin,  carbol  fuchsin  and  methyl  blue,  such  as  can  be  practised 
mth  sections  through  tissues  of  anthrax,  septicaemia,  pyaemia,  diphtheria,  typhoid  fever, 
erysipelas,  pneumonia,  swine  fever  and  swine  erysipelas,  fowl  cholera  and  fowl  enteritis  ; 
the  sections  are  well  stained  in  the  first  dye,  washed  in  water,  then  placed  in  the  second 
dye.  This  second  staining  must  be  carried  out  very  carefully  in  order  not  to  lose  the  first 
dye  altogether ;  then  washed  in  water,  methylated  alcohol,  absolute  alcohol,  oil  of  cloves, 
and  xylol.  (2)  In  the  case  of  tubercle  or  leprosy  the  sections  are  stained  well  in  carbol 
fuchsin,  then  washed  a  few  seconds  in  nitric  acid  (1  :  3  to  1 :  10),  then  in  water,  then  placed 
in  Weigert's  methyl  blue  or  vesuvin,  then  washed  in  water,  &c. 

(3)  Gram's  Method. — The  sections  are  taken  from  alcohol  and  placed  in  Weigert's  gentian 
violet  or  methyl  blue  aniline  water,  then  after  being  well  stained,  are  passed  through  alcohol, 
transferred  to  a  solution  of  iodide  of  potassium  2  grammes,  water  300  c.c,  iodine  1  gramme, 
wherein  they  remain  one  to  three  minutes,  then  they  are  washed  in  alcohol  till  apparently 
almost  decolourised ;  then  the  sections  are  transferred  to  alcoholic  solution  of  eosin  for 
from  a  few  seconds  to  half  a  minute,  washed  in  water,  passed  through  alcohol,  oil  of 
cloves,  and  xylol,  and  mounted  in  balsam ;  the  bacteria  are  of  a  deep  blue  colour,  the  tissue 
is  pink.  Many  bacteria  retain  the  first  dye  when  passed  through  the  iodine  solution; 
others,  however,  become  thereby  decolourised ;  of  course  in  these  latter  eases  the  method 
is  useless — as  with  the  typhoid  bacilli,  cholera  spirilla,  and  others. 

(4)  Lustgarten's  Method  for  Staining  the  Syphilis  Bacillus  in  Sections. — Weigert's  gentian 
violet,  in  which  the  sections  remain  twelve  to  twenty-four  hours  at  ordinary  temperature, 
and  two  to  three  hours  at  87°  C. ;  wash  in  alcohol,  then  pass  them  for  about  ten  seconds 
through  7'5  per  cent,  solution  of  permanganate  of  potassium ;  wash  for  a  moment  in  dilute 
solution  of  sulphurous  acid  in  water,  then  wash  well  in  water ;  if  not  decolourised,  repeat  the- 
washing  in  the  permanganate  and  sulphurous  acid  solution,  dehydrate,  clarify,  and  mount, 
finally  in  balsam.  Tubercle  bacilli,  leprosy  bacilli,  syphilis  bacilli,  and  the  smegma  bacilli 
retain  the  dye  even  after  the  permanganate  ;  other  bacteria  become  thereby  decolourised.. 
De  Giacomi,  Gottstein,  Doutrelepont,  and  Schiitz  have  modified  this  method  by  using,, 
instead  of  the  permanganate  and  sulphurous  acid  solution,  either  dilute  solution  of  per- 
chloride  of  iron  or  dilute  nitric  acid  (1  :  15). 

(5)  Loffler's  Method  for  Glanders  Bacillus. — The  sections  or  cover-glass  specimens  are 
well  stained  (from  thirty  mmutes  to  twenty-four  hours)  in  watery  solution  of  methyl  blue: 
(2  per  cent.)  to  which  in  equal  parts  liquor  potassas  (1  in  10,000)  is  added,  or  :  1  c.c. 
concentrated  alcoholic  methyl  blue  solution,  200  c.c.  dist.  water,  two  to  four  drops  of  a. 
10  per  cent,  solution  of  potassic  hydrate  ;  then  wash  in  water  acidulated  slightly  with 
acetic  acid,  then  pass  through  alcohol  (sections),  oil  of  cloves,  and  xylol,  and  mount  in 
Canada  balsam.     In  the  case  of  cover-glass  specimens,  after  washing  in  acidulated  water,. 
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wash  in  distilled  water,  then  dry  and  mount  in  balsam.     This  method  of  staining  is  not 
only  useful  for  glanders  bacilli,  but  for  many  other  bacteria. 

There  is  sometimes  great  difficulty  in  staining  the  bacteria  in  sections  of  hardened 
tissue,  far  greater  than  in  the  cover-glass  specunens,  and  it  is  therefore  important  in  some 
cases  to  stain  in  a  prolonged  way,  and  to  be  careful  in  the  subsequent  washmgs  with 
alcohol.  In  many  instances  cover-glass  specimens,  made  of  the  fresh  tissue,  present  no 
difficulty  in  easily  and  rapidly  staining  the  bacteria,  while  after  hardening,  the  demonstra- 
tion of  the  same  bacteria  seems  to  be  very  difficult  and  only  possible  after  prolonged 
staining,  and  the  conclusion  seems  justified  that  the  hardening  has  some  deleterious 
effect ;  this,  for  instance,  is  the  ease  in  swine  erysipelas,  in  typhoid  fever,  in  pneumonia, 
in  fowl  enteritis,  and  in  glanders.  As  a  rule  sections  made  of  tissues  first  hardened  in 
Miiller's  fluid  are  easier  to  stain  for  bacteria  than  if  hardened  directly  in  alcohol.  In 
some  cases  the  difference  is  very  striking,  the  bacteria  in  tissues  hardened  in  Miiller's  fluid 
being  easy  to  stain  (tubercle,  swine  fever,  fowl  enteritis,  grouse  disease),  while  from  alcohol 
the  same  caimot  by  any  means  be  said. 


CHAPTEE   IV 

STUDY   OF  THE   BIOLOGICAL    CHABACTEBS 

In  the  whole  range  of  bacteriological  studies  there  has  been  no  greater 
advance  made  within  a  short  space  of  time  than  in  the  introduction  by- 
Koch  of  the  methods  of  cultivating  bacteria  on  solid  media.  -  These  methods, 
now  universally  adopted,  mark  a  definite  epoch.  Before  Koch,  bacteria 
had  been  studied  largely  and  successfully  by  a  large  number  of  observers, 
and  their  nature,  morphology,  and  biology  in  many  cases  very  accurately  deter- 
mined :  we  need  only  mention  Pasteur,  Davaine,  De  Bary,  von  Naegeli, 
P.  Cohn,  E.  Klebs,  Miquel,  E.  Maddox,  Lister,  Billroth,  Tyndall, 
W.  Eoberts,  Heiberg,  Zopf,  Prazmowski,  van  Tieghem,  Fitz,  Weigert,  and 
many  others.  But  the  results  obtained  by  these  observers,  although  remark- 
able, and  of  fundamental  importance,  cannot — we  say  it  with  the  greatest 
deference  to  the  acumen  and  thoroughness  of  these  observers — for  a 
moment  compare  with  the  results  achieved  by  Koch  by  his  exact  methods  of 
cultivation  of  bacteria  on  solid  media  and  by  his  and  Weigert's  method  of 
staining  bacteria.  More  than  that,  by  the  introduction  of  these  exact  methods 
of  Koch  there  has  suddenly  set  in  a  flow  of  researches  and  discoveries  which, 
like  a  snowball  in  rolling  from  the  top  of  a  snow  hill,  is  constantly  increasing 
in  size,  and  its  advent  is  felt  in  wider  and  wider  circles.  While  before  Koch 
bacteria  had  been  chiefly  studied  when  grown  in  fluid  media,  and  thereby  the 
right  path  from  error  only  with  difiiculty  avoided,  since  Koch  these  studies 
are  comparatively  easy  and  tolerably  exact,  though  even  in  this  it  requires 
care,  attention,  and  a  sufficient  amount  of  preliminary  knowledge  in  bac- 
teriology and  pathology.  There  seems  to  be  an  idea  abroad,  and  of  which 
one  hears  only  too  often  and  sees  its  mischievous  results  continually,  that 
for  bacteriological  and  pathological  studies  and  research  all  that  is  required 
is  a  platinum  needle  for  inoculation,  sterile  nutrient  gelatine  in  test-tubes 
(which  can  be  easily  bought  by  the  dozen),  a  microscope  with  oil  immersion, 
a  microtome  for  sections  (sections  can  be  of  course  cut  by  any  dexterous 
assistant),  one  or  two  anihne  dyes  (also  easily  bought  ready  made),  and  a 
book  on  bacteriology.  Well,  this  is  not  bacteriological  or  pathological  study 
and  research  any  more  than  the  possession  of  flasks,  burettes,  test-tubes,  and 
reagents  in  bottles  well  labelled,  and  a  balance  and  a  book  on  chemistry, 
represent  chemical  study  and  research. 

In  the  study  of  the  biological  characters  of  bacteria,  the  study  of  the  fresh 
and  living  bacteria  occupies,  or  ought  to  occupy,  the  foremost  place  ;  the 
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aspect  and  characters  in  the  living  state,  as  seen  under  the  microscope 
in  a  drop  of  salt  solution  or  watched  in  the  '  suspended  drop,'  are  the  first 
step.  We  have  already  described  and  spoken  of  these  on  a  former  occa- 
sion, as  also  of  their  characters  in  stained  specimens.  The  cultivation 
and  study  of  bacteria  on  artificial  media  is  the  next  step. 

Culture  Media:  A.  Broth. — All  bacteria  with  few  exceptions  grow  well  in  beef  brotli, 
neutral  or,  better,  faintly  alkaline,  also  in  chicken  broth  and  in  pork  broth.  Great  differ- 
ences are  shown  by  the  different  bacteria  when  growing  in  this  medium.  As  mentioned 
above,  some  few  do  not  grow  in  this  medium  when  kept  at  temperatures  above  25°  C, 
although  most  species  grow  more  abundantly  at  temperatures  between  35°  and  38°  C. 
Most  of  them  produce  a  uniform  turbidity,  some  quickly-growing  ones  in  twenty-four  hours, 
others  later,  the  amount  of  turbidity  differing,  however,  considerably ;  in  some  it  makes 
the  broth  thick  and  uniform,  in  others  the  turbidity  is  slight,  and  in  others  the  broth 
contains  smaUer  or  larger  flaky  or  floccular  granules.  In  some,  after  one,  two,  to  three 
days'  growth  a  pellicle  appears  on  the  surface  ;  this  pellicle  in  some  cases  is  a  continuous 
membrane,  in  others  more  scaly  ;  in  some  it  is  thick  and  smooth,  white  or  slightly  yellow, 
in  others  it  is  folded,  white  or  slightly  brown  ;  in  some  the  pellicle  is  easily  broken  up  on 
shaking,  in  others  it  is  tenacious  and  remains  complete  ;  in  some  it  easily  falls  to  the  bottom 
of  the  fluid,  in  others  it  remains  floating.  Micrococci,  bacilli,  and  spirilla  are  capable  of 
forming  such  pellicles.  In  some  the  height  of  growth — i.e.  the  maximum  amount  of  tur- 
bidity of  the  broth — is  reached  after  a  few  days,  in  others  not  until  after  ten  days  to  a 
fortnight.  During  the  growth  there  appears  in  most  a  whitish  or  greyish  or  more  or  less 
coloured  precipitate,  which  increases  in  amount ;  this  precipitate  is  either  small  in  amount 
or  bulky,  it  is  either  powdery  or  in  some  cases  flaky,  or  again  in  others  tenacious  and  viscid. 
In  some  instances  the  broth,  the  height  of  growth  having  been  reached,  clears  again  ; 
in  this  also  great  differences  obtain — for  in  some  the  clearing  up  proceeds  uniformly  and 
gradually  from  the  surface,  in  others  it  proceeds  in  distinct  layers ;  in  some  species  of 
bacilli  the  broth  does  not  clear  at  all ;  in  some  species  the  broth  after  a  day  or  two  is 
"tolerably  limpid,  although  copious  pelhcle-formation  goes  on  on  the  surface  (potato  bacillus, 
scurf  bacillus,  and  others).  If  this  pelhcle  by  shaking  be  brought  to  the  bottom  a  new 
pelhele  is  formed.  In  some  species  the  broth  never  becomes  turbid,  but  the  growth  begins 
at  the  bottom  of  the  fluid  in  the  shape  of  grey  nebulous  flocculi  which  gradually  increase 
'  in  bulk — e.g.  bacillus  anthracis,  bacillus  filamentosus. 

From  this  it  will  be  seen  that  the  character  of  the  growth  in  broth  is  in  the  case  of  the 
different  species  most  varied,  and  the  aspect  and  progress  of  the  growth  in  many  cases 
very  characteristic. 

Broth  is  best  used  as  beef  broth  in  sterile  flasks  or  test-tubes,  plugged  with  sterile  cotton 
wool ;  the  broth  is  made  neutral  or,  better  still,  faintly  alkaline.  Acidity  or  strong  alkalinity 
•of  the  broth  is  injurious  to  the  growth. 

Instead  of  broth  there  can  be  used  :  (a)  beef  infusion ;  (b)  one  small  tin  of  Brand's  es- 
sence, or  meat  extract,  500  c.c.  dist.  water,  peptone  (1  per  cent.) ;  (c)  broth  with  peptone 
(1  per  cent.) ;  (d)  hydrocele  fluid ;  (e)  blood  serum ;  (/)  alkali  albumen  ;  (g)  broth  and 
glycerine  (6  per  cent.) ;  (li)  beef  broth  in  test-tubes  to  which  has  been  added  a  small  piece  of 
boiled  white  of  egg. 

For  some  non-pathogenic  bacteria  other  fluids  can  be  used  instead  of  broth  which 
contain  nitrogen  only  as  simple  nitrogenous  compounds — e.g.  tartrate  of  ammonium,  or 
even  carbonate  of  ammonium,  urea,  or  uric  acid — although  many  non-pathogenic,  and  all 
pathogenic  bacteria  require,  as  stated  above,  some  kind  of  albumen.  Those  albumen-free 
fluids  are  principally  composed  of  salts  (potassium  and  calcium  salts,  phosphates)  and 
tartrate  of  ammonium — Pasteur's  fluid  and  Cohn's  fluid. 

Other  fluids  similar  in  composition  (Meyer's  and  others)  are  used  according  to  the 
special  requirements  of  specific  fermentative  actions  shown  by  the  particular  species  of 
bacteria — e.g.  nitrifying  bacteria,  acetic  acid-producing  bacteria. 

B.  Nutrient  Gelatine. — Gelatine  as  a  medium  for  the  study  of  the  growth  of  fungi  and 
microbes  was  first  used  by  Brefeld  and  by  Klebs,  but  not  until  Koch  showed  its  immense 
value  was  gelatine  of  peculiar  composition  universally  used  and  with  such  signal  success. 
The  nutrient  gelatine  is  used  in  test-tubes  (a)  as  beef  infusion  gelatine  peptone,  and  (b)  as 
beef  broth  gelatine  peptone.  The  gelatine  is  added  to  beef  infusion  or  beef  broth,  as  the 
case  may  be,  besides  1  per  cent,  of  peptone  and  1  per  cent,  of  sodium  chloride. 

Instead  of  either  beef  infusion  or  broth  as  the  solvent  medium,  there  can  be  used  with 
the  same  success  :  (a)  Brand's  essence,  one  small  tin,  in  500  c.c.  water  ;  or  (6)  meat  extract 
dissolved  in  water  on  the  same  scale. 
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To  the  nutrient  gelatine  special  substances  can  be  added  as  the  special  cases  may  require 
—e.g.  grape  sugar,  lactic  sugar,  cane  sugar,  whey. 

The  -writer  uses  generally  beef  broth  gelatine  peptone,  or  Brand's  extract  solution,  or 
gelatine  peptone,  faintly  alkaline.  The  gelatine  is  used  from  2  per  cent,  to  10  per  cent. 
Two  per  cent,  gelatine  mixture  sets  well  and  remains  solid  at  20°  C. ;  gelatine  of  10  per  cent, 
remains  solid  at  22°  C.to  23°  C,  and  even  a  little  higher.  In  the  test-tubes  the  gelatine,  if 
used  for  stab  cultures,  is  set  straight  and  upright,  for  surface  or  streak  cultures  it  is  set 
slanting ;  for  the  latter  purpose  the  writer  uses  special  trays  made  of  wood  or  tin  and 
offering  a  slanting  sm-face,  so  that  about  twenty-four  tubes  containing  the  hquefied  gelatine 
are  at  the  same  time  placed  side  by  side  on  the  tray,  and  the  gelatine,  when  set,  offers  the 
largest  sm-face  without  being  too  near  the  cotton-wool  plug. 

For  studying  the  growth  of  bacteria  on  the  sm-face  or  in  the  depth,  the  liquefied 
gelatine  is  set  in  a  sterile  watch-glass,  or  in  a  flat  glass  capsule,  or  on  a  glass  plate,  or  in 
a  test-tube,  or  iu  other  vessels  ;  the  gelatine  is  then  inoculated  with  a  capillary  glass 
pipette  or  a  platinum  wire,  previously  dipped  in  the  material  containing  the  bacteria, 
either  by  a  stab,  or  at  a  point,  or  at  several  points,  or  in  a  line  or  lines,  i.e.  streak  ;  and  if 
the  gelatine  is  kept  covered  up,  so  as  to  prevent  accidental  germs  entering  from  the  air, 
the  growth  of  the  inoculated  bacteria  can  be  easily  examined  from  time  to  time  under  a 
magnifying  glass  or  under  a  simple  microscope.  Because  development  on  the  solid  nu- 
trient gelatine  takes  place  only  at,  and  is  limited  to,  the  spot  of  inoculation,  or  the  spot 
where  a  bacterium  had  been  present  or  deposited,  several  difl'erent  species  can  grow  side 
by  side,  and  their  dift'erences  be  watched  ;  and  it  is  this  simple  fact  which  enabled  Koch 
to  isolate  and  keep  isolated  different  species  of  bacteria  gi-owing  simultaneously  in  a  limited 
area.  By  this  means  it  is  not  difficult  at  once  to  recognise  that  a  particular  material  with 
which  the  gelatine  had  been  inoculated  contained  several  different  species  of  bacteria, 
while  each  can  then  be  isolated  by  sub-cultures  separately.  This  is"  an  advantage  which 
cultm-es  in  fluid  media  do  not  off'er  ;  hence,  if  originally  into  a  fluid  medium  several  species 
are  introduced,  these  all  multiplying  in  the  fluid,  a  mixture  of  the  difl'erent  crops  is  the 
result,  all  intermingled  with  each  other.  By  using  soUd  media,  not  only  can  the  gi-owth. 
of  individual  species  be  watched  and  controlled  better  and  with  more  exactness,  but  a 
separation  and  isolation  from  an  original  mixture  of  the  different  species  composing  it 
can  be  achieved  with  facility.  The  characters  presented  by  the  diff'erent  species  when 
growing  on  and  in  nutrient  gelatine  are  most  varied,  and  for  many  of  them  vei-y  charac- 
teristic. We  vrill  here  give  some  of  these  characters.  First  and  foremost  is  the  power 
that  some  bacteria  (micrococci,  bacilli  and  spirilla)  possess  of  liquefying  the  nutrient 
gelatine  in  the  course  of  their  growth  and  multiplication,  while  others  do  not  liquefy  it. 
In  stab  cultures  the  liquefaction  proceeds  from  the  surface  or  upper  part  of  the  stab — 
i.e.  the  channel  of  inoculation — towards  the  dexDth  and  towards  the  sides,  so  that  the 
liquefied  gelatine  occupies  and  fills  as  a  rule  a  more  or  less  funnel-shaped  space  in  the 
gelatine,  the  broader  basis  of  the  funnel  being  on  the  surface ;  as  growth  and  liquefaction 
proceed  the  funnel-shaped  space  becomes  cylindrical.  In  streak  cultures  the  hquefied 
gelatine  flows  down  to  the  bottom  of  the  tube,  and  the  gelatine  on  which  the  streak 
growth  takes  place  becomes  transformed  into  a  broad  and  deep  groove,  the  diameter 
of  which  depends  of  course  on  the  rapidity  of  the  growth  and  the  rapidity  of  the  lique- 
faction. There  exist  marked  differences  [a)  as  regards  the  rapidity  of  liquefaction 
independent  of  the  amount  of  the  growth,  for  some  liquefy  %vith  great  rapidity  and  early, 
others  only  vei-y  slowly  and  not  before  some  days  have  passed  :  (6)  as  regards  the  character 
of  the  liquefied  gelatine ;  in  some  this  is  perfectly  limpid,  the  gi'owth  settling  in  the 
depth  of  the  liquefied  gelatine  (bacillus  anthracis,  spirillum  choleraB),  or  it  remains  on 
the  surface  as  a  scum  (baciUus  filamentosus),  or  both  (bacillus  subtilis)  ;  in  other  cases 
the  liquefied  gelatine  is  not  clear,  but  either  uniformly  turbid  (spirillum  Finkler,  bacillus 
Jequu-ity,  and  some  species  of  staphylococcus  hquescens)  or  it  contains  granules  and 
flakes  (several  species  of  staphylococcus  Hquescens,  bacillus  of  potato) :  and  (c)  as  regards 
the  density  of  the  liquefied  gelatine  ;  in  some  the  liquefied  gelatine  is  thin  and  fluid  (many 
species  of  bacillus  subtilis,  potato  bacillus,  spirillum  of  Finkler  and  cholera,  staphylococcus 
aureus  Hquescens)  ;  in  others  the  liquefied  gelatine  is  like  thick  sp-up  and  scanty  (some 
species  of  staphylococci,  bacillus  fluorescens  of  veal  pie — bacillus  of  swine  erysipelas). 

Those  species  which  do  not  liquefy  gelatine,  and  their  number  is  legion,  show  like- 
wise marked  differences  one  from  another  in  stab  and  streak  cultures.  As  to  stab  cultm-e, 
the  channel  of  inoculation  is  after  a  few  days  a  grey  or  white  or  brownish  line  made  up  of 
isolated  or  more  or  less  confluent  droplets,  in  some  very  minute,  only  visible  under  a  lens, 
in  others  large  enough  to  be  seen  with  the  unaided  eye ;  in  some  again  the  channel  of 
inoculation  is  a  uniform  broad  growth,  in  others  it  remains  always  very  thin  ;  in  some  species 
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the  droplets  forming  the  channel  of  inoculation  are  white  or  grey  in  reflected,  and  light 
yellow-brown  in  transmitted  light,  while  in  others  they  are  conspicuously  white  in  reflected, 
dark  brown  in  transmitted  light.  Again,  the  surface  of  the  stab  contains  no  growth,  or 
only  very  little  in  the  shape  of  a  few  superficial  minute  granules  or  droplets  (e.g.  some 
species  of  streptococci),  or  the  surface  of  the  stab  is  covered  with  a  convex,  more  or  less 
well-defined  circular  disc  or  button  (bacillus  of  Friedlander,  some  species  of  staphy- 
lococcus), and  this  again  is  either  white  or  grey  or  of  a  pinkish  or  slightly  yellowish  colour  ; 
or  the  surface  of  the  stab  becomes  covered  by  a  flat  thin  filmy  disc,  small  in  some  species, 
rapidly  spreading  in  others,  circular  or  only  slightly  angular  in  some,  very  markedly 
crenate  and  serrated  in  others  ;  in  some  limited  only  to  the  surface  of  the  stab,  not  larger 
than  one  to  two  millimetres  in  diameter,  in  others  soon  covering  the  whole  surface  of  the 
gelatine. 

Equally  great  are  the  differences  in  streak  culture — i.e.  when  the  growth  takes  place  in 
a  line  drawn  longitudinally  on  the  surface  of  the  gelatine  (set  obliquely  in  a  test-tube) 
by  a  capillary  pipette  or  platinum  wire.  First :  the  rapidity  with  which  the  growth 
appears  in  this  streak  differs  considerably  in  the  difl'erent  species ;  in  some  after  only 
twenty-four  hours  the  line  of  inoculation  is  already  marked  as  a  greyish  or  whitish  streak  ; 
in  others  the  growth  is  not  noticeable  before  two  to  three  days.  Then  the  manner 
and  rapidity  with  which  the  streak  grows  in  breadth ;  in  some  the  growth  does  not 
spread  much  in  breadth,  in  others  it  rapidly  broadens  into  a  band  ;  in  some  the  streak  is 
uniform  and  homogeneous,  in  others  it  is  uniform  but  slightly  granular,  in  others,  when  seen 
under  a  glass,  it  is  made  up  of  minute  droplets,  more  or  less  separate,  but  in  close  contact 
and  even  confluent ;  the  margin  of  the  streak  is  either  smooth,  and  more  or  less  straight,  in 
others  it  is  knobbed,  serrated,  or  bent,  with  numerous  shorter  or  longer  filamentous  pro- 
jections. Then  as  to  the  colour  and  aspect  of  the  streak  ;  in  some  the  streak  is  greyish, 
in  others  white,  and  in  others  more  or  less  coloured  (pinkish,  yellowish,  golden  brown, 
gi'eenish,  vermilion,  &c.)  in  reflected  light ;  in  transmitted  light  the  streak  is  greyish  or 
brownish,  uniform  in  thickness,  or  thicker  in  the  centre  than  at  the  margin,  or  the 
reverse;  in  some  the  streak  is  terraced,  in  others  of  uniform  thickness  ;  in  some  species 
the  margin  shoots  out  in  thin  irregular  plaques,  in  others  in  fan-shaped  patches.  In 
some  the  growth  is  moist,  in  others  it  looks  dry ;  in  some  species  the  growth  is  extremely 
limited  while  on  the  surface  but  copious  in  the  depth  of  the  gelatine,  or  vice  versa,  the 
former  growing  much  better  under  access  of  air,  the  latter  under  deficient  supply  of  air — 
aerobic  and  anaerobic. 

As  a  useful  means  for  study,  and  interesting  for  differentiation,  is  the  method  of  adding 
to  the  nutritive  gelatine  traces  of  an  aniline  dye,  sufficient  to  stain  the  gelatine — too  much 
aniline  dye  acts  more  or  less  poisonously  on  the  bacteria  and  prevents  their  growth.  But 
when  certain  dyes  are  added  in  very  minute  quantity,  a  curious  result  is  obtained  by  the 
different  bacteria  when  growing  in  or  on  such  gelatine :  while  some  refuse  to  grow  even 
when  a  mere  trace  of  the  dye  has  been  added,  others  grow  slightly,  and  others  very  well. 
Amongst  the  latter  the  gelatine  will  be  seen  in  some  cases  to  become  gradually  decolour- 
ised, beginning  from  the  growth  and  spreading  further  and  further  ;  the  growth  itself,  at 
first  stained,  gradually  losing  also  the  colour,  beginning  from  the  part  nearest  to  the  sur- 
face. Great  differences  in  the  time  and  manner  are  shown  in  these  respects  by  different 
species  of  bacteria.  The  gradual  discolouration  of  the  gelatine,  beginning  at  the  growth 
and  gradually  spreading  through  the  gelatine,  indicates  that  certain  diffusible  chemical 
substances  pass  from  the  growth  into  the  gelatine. 

Then  as  to  the  nature  and  aspect  of  the  gelatine  on  which  the  streak  grows ;  in  some 
this  gelatine  remains  perfectly  limpid  and  unaltered,  in  others  it  becomes  opaque,  while  in 
some  it  becomes  gradually  coloured  greenish  or  bluish  though  it  remains  limpid. 

Another  useful  method  is  that  of  Buchner,  viz.  adding  to  the  gelatine  suflicient  litmus 
to  stain  it ;  the  change  of  this  substance  by  the  growth  is  an  interesting  index  of  the 
character  of  the  bacteria. 

All  these  are  points  which  in  themselves  are  sometimes  siriall  and  insignificant,  but, 
occurring  with  constancy,  and  taken  with  the  appearances  presented  by  the  growth  in  other 
media,  are  reliable  distinguishing  characters.  (See  the  illustrations  of  stab  and  streak 
cultures.) 

Plate  Cultivations 

The  most  significant  characters  presented  by  bacteria  are  those  shown 
by  them  when  growing  in  plate  cultivations.  Owing  to  the  fact  that  when 
a  particular  bacterium  is  planted  into  (or  finds  itself  at)  a  particular  spot  of 
solidified  nutrieiit  gelatine  or  agar  mixture,  it  forms  a  circumscribed  growth 
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at  that  spot — yiz.  a  colony — it  is  possible  to  separate  different  species  of 
bacteria  from  any  mixture,  care  being  taken  to  first  distribute  by  shaking 
a  limited  number  of  the  bacteria  in  a  comparatively  large  amount  of 
liquefied  nutrient  gelatine  or  agar,  and  then  to  pour  this  out  into,  and  allow 
it  to  set  in,  a  protected  glass  vessel,  plate,  or  the  hke.  As  the  material  sets, 
it  fixes,  as  it  were,  the  bacteria  (that  have  been  introduced)  in  isolated 
fashion,  and  each  of  them  (being  few  and  far  between)  by  multiplication 
gives  rise  to  a  pure  colony,  sufficiently  separated  from  others  by  material  not 
containing  any  bacteria,  and  therefore  capable  of  being  easily  studied  during 
their  various  phases  of  growth  by  the  unaided  eye  or  by  a  lens.  Their  mode 
and  rapidity  of  increase,  their  aspect,  colour,  outline,  &c.,  can  be  watched, 
and  from  them  by  inoculation  of  new  media  new  pure  sub-cultures  can  be 
estabhshed.  All  one  has  to  do  is,  then,  to  introduce  a  limited  number  of  bac- 
teria (with  a  capillary  pipette  or  a  platinum  wire)  from  a  given  tissue,  blood, 
or  bacterial  culture  or  mixture  into  a  test-tube  containing  nutrient  gelatine 
(5-8  C.C.),  then  liquefy  this  in  warm  water,  then  shake  the  gelatine  carefully 
so  as  uniformly  to  distribute  the  introduced  bacteria,  and  then  pour  this  out 
on  a  flat  sterile  glass  dish  covered  up  with  a  sterile  glass  plate  or  glass  dish,' 
or  to  pour  it  out  on  sterile  glass  plates,  watch-glasses,  or  other  vessels,  pro- 
vided that  the  gelatine  forms  a  thin  layer  ;  then  the  gelatine  is  allowed  to 
rapidly  set,  by  either  leaving  it  to  itself  in  a  cool  place  or  by  placing  the  vessel 
on  cold  water  or  ice  (according  to  the  temperature  of  the  air).  As  the  colonies 
make  their  appearance  in  the  plates  in  the  course  of  a  few  days,  the  plates 
being  kept  in  the  incubator  at  19-21°  C,  if  necessary  in  a  moist  chamber 
— e.g.  under  a  glass  globe  containing  moist  filter  paper — the  examination  of 
them  can  be  easily  effected  under  a  magnifying  lens  or  with  a  low  power 
under  the  microscope.  If,  however,  the  material  from  which  the  plate  cul- 
tivation is  to  be  made  originally  contains  large  numbers  of  the  same  or  of 
different  bacteria — e.g.  intestinal  evacuations,  sputum,  anthrax  blood,  bacterial 
culture  fluids,  &c. — then  the  direct  inoculation  of  the  gelatine  with  however 
small  a  trace  of  the  material  brings  forth  in  the  plate  too  large  a  number 
of  colonies.  In  these  cases  it  is  necessary  first  to  dilute  the  material,  xolacing 
a  trace  of  it  into  a  few  cubic  centimetres  of  sterile  salt  solution  or  broth  ;  shake 
this  up,  and  then  inoculate  from  this  with  a  small  quantity — with  the  platinum 
wke  or  platinum  hook — the  tube  of  nutrient  gelatine,  which,  liquefied  and 
shaken  up,  is  used  for  the  plate  cultivations.  In  order  to  have  a  successful 
plate  cultivation  the  number  of  colonies  in  a  plate  must  be  limited,  the  colonies 
must  be  sufficiently  isolated  and,  if  possible,  in  a  single  layer.  Of  course  during 
all  these  manipulations  accidental  contamination  with  other  bacteria  (air,  un- 
clean instruments,  or  hands)  must  be  avoided  as  much  as  possible,  rapid  and 
precise  working  with  sterile  apparatus  being  essential  for  success.  (Agar 
plates,  see  p.  41.) 

Tube-plate  Cultivation 

Another  kind  of  plate  cultivations,  yieldhig  very  good  results,  and  giving 
excellent  permanent  specimens  of  plate  cultivations,  is  obtained  in  the  fol- 
lowing manner.  Everyone  who  has  practised  the  above  method  (Koch's)  of 
plate  cultivations  in  a  laboratory  in  a  large  city  knows  that  accidental  intro- 
ductions of  air-germs,  particularly  moulds,  &c.,  cannot  be  wholly  avoided,  and 
therefore  many  such  plates  become  by-and-by  spoiled,  apart  from  those  in 
which   liquefying  organisms  develop — for   in  this   case  all   plates  become 

'  The  writer  had  described  and  figured  this  glass  dish  in  1886,  long  before  Petri,  to 
■whom  generally  this  form  of  plate  cultivation  is  ascribed.  (See  Micro-organisms  and 
Disease,  3rd  edition.) 
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useless  as  plates — as  soon  as  the  liquefaction  has  reached  a  certain  degree. 
But  in  the  case  of  non-liquefying  bacteria  excellent  permanent  plate  culti- 
vations are  obtained  by  spreadmg  out  by  means  of  the  sterile  platinum  wire 
or  platinum  loop  or  hook  [Oese,  Germ.)  a  trace  of  the  material  (pure  or  after 
dilution  as  the  case  may  require)  over  the  whole  surface  of  the  gelatine  or 
agar,  set  slantingly  with  large  surface  in  a  test-tube — that  is  to  say,  rubbing 
it  over  the  surface  ;  during  this  operation  the  tube  is  held  inverted,  is  then 
plugged  again  with  its  sterile  cotton-wool  plug,  and  placed  in  the  incubator. 
After  a  few  to  several  days  a  limited  number  of  colonies  are  noticed  on 
the  surface  of  the  gelatine  or  agar,  which  can  be  easily  studied  with  a 
magnifying  glass  or  used  for  sub-cultures.  Such  a  tube-plate  cultivation  can 
be  kept  uncontaminated  and  in  a  perfect  state  for  an  indefinite  time,  provided 
the  gelatine  or  agar  is  kept  from  drying  up  by  covering  it  with  a  well-fitting 
india-rubber  cap,  or,  better,  with  gutta-percha  paper  melted  to  the  glass  wall  of 
the  neck  of  the  test-tube. 

Another  mode  of  plate  cultivation  is  that  described  by  Esmarch,  and  known  as  '  roll- 
plate.'  The  procedure  is  here  the  same  as  in  Koch's  method,  but  after  inoculation, 
liquefaction,  and  shaking  up  of  the  gelatine  contained  in  a  test-tube  plugged  with  sterile 
plug,  this  gelatine  is  not  poured  out  on  plates,  but  having  been  covered  with  a  tight-fitting 
india-rubber  cap  is  rolled,  while  holding  it  horizontally,  in  cold  water,  till  all  the  gela- 
tine has  well  set  in  a  thin  layer  on  the  inside  of  the  glass  tube.  The  tube  is  then 
wiped  on  the  outside  and  placed  in  the  incubator.  Such  a  roll-plate  retains  its  character 
as  a  plate  cultivation  intact  for  an  indefinite  period  provided  no  liquefying  colonies  be 
present.  By  carefully  twisting  the  plug  this  can  be  easily  removed  and  sub-cultures  be 
made  fi'om  the  colonies.  The  exaiaination  with  magnifying  lens  is  of  course  also  easily 
carried  out,  even  under  the  microscope,  the  tube  being  placed  horizontally  in  a  sort  of  cradle 
across  the  stage  of  the  single  microscope. 

From  what  has  been  said  above  it  must  be  e\ident  that  plate  cultivations 
are  indispensable  means  of  study,  since  by  them  not  only  can  the  different 
species  be  readily  and  exactly  studied,  but  they  can  be  isolated  with  precision 
and  pure  cultivations  from  them  be  obtained  ;  besides,  by  these  plate  cultivations 
the  purity  or  impurity  of  different  materials  and  cultures,  and  the  nature  and 
number  of  the  diiferent  species,  can  be  accurately  determined  [see  below). 

It  must  also  be  obvious  that  however  pure — i.e.  containing  a  single  species — a- 
given  material  or  culture  in  broth  or  other  fluids  or  in  stab  or  streak  culture 
may  appear  under  the  microscope  or  to  the  naked  eye  inspection  or  to  a  magnify- 
ing lens,  there  is  no  guarantee  that  it  is  really  so  unless  it  can  be  shown  that 
the  colonies  derived  from  it  in  plate  cultivations  are  all  the  same  as  regards 
rapidity  of  growth,  size,  aspect,  outline,  colour,  and  general  nature.  And  it 
follows  from  this  that,  with  justice,  the  study  by  plate  cultivation  (not  only  in 
gelatine  but  also  in  other  sohd  media,  agar,  serum,  &c.)  is  considered  one  of 
the  most  essential  steps  in  the  study  of  bacteria,  and  unless  the  bacteria  have 
been  isolated  by  plate  cultivation  of  one  kind  or  another  no  guarantee  can  be 
said  to  exist  as  to  their  purity.     (See  illustrations  of  plate  cultivations.) 

Now,  the  different  species  of  bacteria  differ  in  many  ways  one  from  another 
in  plate  cultivation  :  e.g.  as  regards  (1)  the  rapidity  with  which  the  colonies 
grow  in  a  plate  after  inoculation  ;  (2)  their  appearance  when  first  noticed  ; 
(3)  the  rapidity  and  amount  of  their  increase  in  a  given  time ;  (4)  the 
period  at  which  the  colonies  reach  their  maximum  development,  provided 
they  do  not  liquefy  the  gelatine ;  (5)  whether  or  not  the  colonies  liquefy 
the  gelatine  ;  (6)  the  manner  in  which  the  liquefaction  takes  place,  whether 
clear  or  turbid,  regularly  outlined  or  irregularly  ;  (7)  the  outhne  of  the  colonies  ; 
(8)  the  breadth  and  thickness  of  the  colonies  ;  (9)  their  general  aspect,  whether 
grey  or  white  or  colourpd,  moist-looking  or  dry,  homogeneous  or  graniilar, 
uniform  in  thickness  or  not ;  (10)  whether  they  show  a  difference  in  their  size 
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and  in  the  rapidity  with  which  they  grow  on  the  surface  and  in  the  depth  of  the 
gelatine,  for  just  as  in  stab  and  streak  cultures,  so  also  in  plate  cultivations,  in 
many  species  that  are  developing  on  the  surface  the  colonies  show  much 
better  growth  than  those  developing  in  the  depth  of  the  gelatine,  or  vice  versa 
(aerobic  and  anaerobic).  If  we  have  to  deal  with  bacteria  that  do  not  grow 
well  or  not  at  all  on  the  surface,  the  surface  of  the  cultivation  must  be  covered 
up  by  a  new  layer  of  gelatine  in  order  to  bring  the  bacteria,  that  otherwise 
would  be  on  the  surface,  into  the  depth.  For  this  purpose,  after  the  plate  is 
made  and  the  gelatine  well  set  a  thin  layer  of  gelatine  just  on  the  point  of 
hquefaction  is  poured  over  this  and  also  quickly  set.  The  same  holds  good, 
of  course,  for  agar  plate  cultivations. 

As  to  the  use  of  plate  cultivations  to  determine  the  presence,  character,  and 
number  of  bacteria  present  in  various  materials,  such  as  food-stuffs,  water,  air, 
soil,  &c.j  more  will  be  said  m  detail  in  a  future  chapter. 

Before  leaving  plate  cultivations  we  must  mention  a  very  simple  and  very  useful  method 
of  obtaining  cover-glass  specimens  for  staining  from  plate  cultivations,  viz.  the  method  of 
'  impression  '  prexDarations  {Klatschpra.'parate  of  the  G-eiinans) ;  this  consists  in  taking  an 
impression  of  the  colony  or  colonies  by  gently  pressing  a  cover-glass  on  to  the  gelatine 
containing  on  its  surface  the  colony  or  colonies,  and  then  simply  treating  this  cover-glass 
like  any  other  cover-glass  specimen — i.e.  for  drying  and  staining,  or  for  the  bichloride  of 
mercury  method  and  staining.  If  the  colony  or  colonies  be  thick,  the  fu'st  impression 
contains,  of  course,  too  thick  a  film,  then  the  second  or  third  impression  will  be  found 
more  to  the  pui-pose.  Such  '  impression  '  specimens  are  very  easy  to  handle  and  to  stain, 
and  give,  besides  representing  a  fine  view  of  the  bacteria  in  detail,  an  excellent  repre- 
sentation of  the  nature  and  character  of  the  colony  as  a  whole. 

Since  the  nutrient  10  per  cent,  gelatine  does  not  keep  its  solid  state  above 
22-23°  C.  the  bacteria  cannot  be  studied  and  grown  in  this  medium  as  a 
sohd  medium  above  this  temperature,  and  therefore  other  media  that  keep 
their  solidity  up  to  38°  or  39°  C,  and  higher,  must  be  employed.  It  must  be 
obvious  that  since  certain  species  of  bacteria  do  not  grow  appreciably  below 
25°  or  30°  C,  or  do  not  grow  sufficiently  quick  unless  exposed  to  at  least  30° 
to  35°  C,  gelatine  cannot  be  used  as  a  sohd  medium  in  these  cases — e.g.  the 
diplococcus  pneumonia,  the  streptococcus  of  Schiitz  in  infective  pharyngeal 
abscess  of  the  horse,  the  glanders  bacillus,  the  tubercle  bacillus,  the  leprosy 
bacillus,  and  even  some  species  of  bacilli  in  water.  Some  species  of  septic 
micrococci  do  not  grow  in  gelatine  kept  below  22°  C. — ^i.e.  in  a  soM  state. 

The  solid  media  capable  of  remaining  solid  at  higher  temperature  are : 
(1)  nutrient  agar,  (2)  blood  serum,  (3)  potato  (Koch)  ;  to  which  may  be 
added  (4)  bread,  (5)  paste,  (6)  soil.     The  first  three  are  the  most  important. 

(1)  Nutrient  agar  is  used  in  various  modifications  :  (a)  beef  infusion  agar  peptone,  (6) 
beef  broth  agar  peptone,  (c)  Brand's  extract  agar  peptone,  [d)  beef  infusion  agar  peptone 
glycerine,  (e)  beef  broth  agar  peptone  glycerine.  In  the  case  of  the  first  three,  1  per  cent. 
agar  is  substituted  for  the  gelatine  in  the  mixtures  mentioned  on  a  former  page.  Beef 
infusion  or  beef  broth  agar  peptone  glycerine  (Koux  and  Xocard)  is  useful  for  the  growth 
of  many  microbes  which  do  not  gTOw  on  ordinary  nutrient  agar  ;  the  two  media  differ  only 
in  this,  that  5-7  per  cent,  glycerine  is  added  to  the  ordinary  nutrient  agar  mixture. 

Blood  serum  is  prepared  from  sheep's  or  ox's  or  horse's  blood.  The  last  named  is  the 
best,  and  is  used  as  a  solid  medium,  the  solidification  being  efi'ected  after  sterilisation 
(heating  for  one  to  two  hours  at  53-62=  C.  on  four  to  six  successive  days)  by  heating  up 
gradually  to  70°  C.  after  Koch's  plan  and  with  the  apparatus  designed  by  Koch. 

'  Condensation  water ' — i.e.  a  small  amount  of  clear  fluid— is  always  present  at  the 
bottom  of  the  test-tubes  containing  slanting  solid  agar  mixture  or  slanting  solid  blood 
serum ;  but  this  water  gradually  evaporates  if  the  tubes  are  kept  in  the  incubator. 

Potato  :  best  as  boiled  potato.  It  is  used  by  cutting  with  a  wide  cork  borer  a  long  piece 
from  one-half  of  a  potato  (this  piece  has  one  fiat  surface,  the  rest  is  curved,  and  the  piece 
is  attenuated  at  one,  the  upper,  end)  ;  this  piece  is  put  at  the  bottom  of  a  sterile  test-tube 
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en  a  small  cushion  of  sterile  cotton  wool,  then  the  test-tube  is  plugged  and  sterilised  in  the 
steam  steriliser.     {See  the  illustrations  of  potato  cultures.) 

Or  the  potato  can  be  used  as  a  half,  or  as  a  disc,  a  block,  or  the  like.  The  writer 
always  now  uses  potato  in  test-tubes  with  a  cushion  of  cotton  wool  at  the  bottom  of  the 
tube.  Such  cultures  keep  for  an  indefinite  time  without  accidental  contamination  (moulds) 
so  common  in  ordinary  potato  cultures  under  glass-cover. 

Bread  and  rice  paste  moistened  with  broth,  and  boiled  egg,  kept  in  a  sterile  test-tube 
■or  in  a  sterile  glass  capsule  or  dish,  are  also  used. 

Soil  in  cakes,  sterilised,  without,  or  moistened  with,  broth,  either  in  sterile  capsules  or 
in  watch-glasses. 

It  need  hardly  be  added  here  that  other  solid  materials,  like  bits  of  turnip  and  cucumber, 
can  be  sterilised  in  test-tubes  in  the  steam  steriliser  and  then  used  as  solid  media  for  the 
cultivation  of  bacteria.  Of  course,  the  disadvantage  that  all  these  have  is  that  they  are 
not  transparent,  and  therefore  can  only  be  used  for  studying  the  general  character  and 
nature  of  the  growth  on  the  surface,  and  then  only  in  reflected  light. 

Agar  mixtures  are  very  useful  for  plate  cultivation  of  those  species  that  require  for 
their  growth  higher  temperatures  than  22°  C.  Nutrient  agar  is  melted  in  hot  water  of 
about  80°  C.  or  higher,  then  cooled  till  it  is  about  40-45°,  at  which  temperature  it  still 
keeps  fluid;  the  inoculation  is  now  made,  and  the  agar  shaken  and  poured  out  in  plates,  in 
which  the  material  almost  immediately  sets.  The  condensation  water  which  sometimes 
appears,  particularly  if  the  nutrient  agar  is  of  very  recent  make,  is  very  troublesome  ; 
appearing  on  the  surface  of  the  set  agar  in  the  plate,  it  swamps  the  surface  colonies  very 
soon,  and  the  whole  surface  of  the  agar  plate  soon  becomes  covered  with  the  growth.  In 
such  cases  it  is  useful  to  keep  the  glass  dish  containing  the  set  agar  film  in  an  inverted 
position  and  slightly  raised  at  one  side,  an(i  over  filter  paper  previously  steeped  in 
perchloride  of  mercury  solution  (1  in  500)  and  dried  ;  this  absorbs  the  condensation  fluid 
as  it  runs  down  the  inclined  side.  But  in  agar  that  has  been  made  some  time — one  or 
more  weeks — this  is  not  necessary. 

Isolation  of  different  species  of  bacteria  by  fractional  cultivation  (Klebs)  and  by  dilu- 
tion (Naegeli  and  Lister)  are  also  in  use,  but  less  so  since  gelatine  plate  and  agar  plate 
cultivations  fulfil  all  requirements. 


CHAPTER  V 

BIOLOGICAL   CHABACTEBS   OF  BACTEBIA 

In  the  foregoing  chapters  we  have  given  the  methods  of  studying  bacteria  from 
various  sources,  and  have  shown  (1)  their  different  characters  when  examined 
fresh  under  the  microscope  ;  (2)  their  growth  and  multiplication  and  even- 
tually spore  formation  when  watched  in  the  '  hollow  '  object-glass  in  the 
'  suspended  drop  ; '  (3)  their  character  in  stained  films  from  the  original 
materials  or  from  culture  dried  and  coagulated  on  cover-glasses  ;  (4)  the 
■  character  of  their  growth  as  colonies  in  plate  cultivations  of  one  kind  or 
another ;  (5)  their  character  in  stab  and  streak  cultivations  on  nutrient 
gelatine,  on  nutrient  agar  mixture,  on  serum,  and  on  potato  ;  (6)  their 
character  in  broth  cultivations. 

All  these  points  have  to  be  considered  in  order  to  determine  the  characters 
of  particular  bacteria,  and  to  be  able  to  compare  them  with,  and  to  dis- 
tinguish them  from,  other  species.  Often  it  is  found  that  though  two  oi 
more  species  are  very  similar  in  several  of  the  above  points,  they  show  a 
decided  difference  in  one  or  the  other  of  these  media.  For  instance,  several 
species  of  streptococci  are  very  difficult  to  distinguish  if  studied  in  a 
general  way  in  plate  cultivation,  on  gelatine  and  in  agar,  in  broth  or  on 
serum,  but  it  will  be  found  on  careful  comparison  that  the  rapidity  and 
aspect  under  which  the  colonies  appear  in  the  plate  cultivations,  the  progress, 
rapidity,  colours,  and  outline  of  the  growth  on  and  in  gelatine,  on  agar, 
and  in  broth,  show  slight  well-defined  differences ;  so  also  with  other  bac- 
teria— e.g.  the  bacillus  of  Friedliinder  and  the  bacillus   in  rhinoscleroma 
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are  very  similar  in  and  on  gelatine  and  agar,  but  yet  there  exist  definite' 
though  small  differences.  There  exist  a  number  of  various  species  of  motile- 
bacilli  which  have  about  the  same  size  and  general  morphological  characters, 
including  formation  of  leptothrix  and  spores,  and  which  also  in  plate  culti- 
vation, in  stab  and  streak  cultures  on  gelatine,  and  in  broth  cultures  are 
very  similar  ;  nevertheless  there  are  in  these  media  slight  differences  that 
are  easily  overlooked,  but  on  potato  the  differences  are  striking.  So  also  the 
typhoid  bacillus ;  the  "writer  is  acquainted  with,  and  has  in  his  possession, 
a  species  of  bacillus  which  was  isolated  from  the  mesenteric  glands  of  a  child 
dead  of  summer  diarrhoea,  and  which  it  is  impossible  to  distinguish  from 
the  typhoid  bacillus  in  gelatine  cultures,  on  agar,  and  in  broth,  but  on  potato 
the  difference  is  striking.     These  examples  could  be  easily  multiplied. 

In  studying  those  species  of  bacteria  which  are  connected  with  specific 
disease,  besides  the  above  points  to  be  attended  to  there  is  one  which  ought 
not  to  be  lost  sight  of — that  is,  while  demonstrating  the  existence  of  the 
particular  species  of  bacteria  by  cultivation  from  the  blood  or  tissues,  these 
bacteria  must  be  demonstrated  also  by  stained  cover-glass  specimens  of 
the  fresh  morbid  tissues  or  fresh  blood,  as  the  case  may  be.  There  may  be 
difficulties  in  this — as,  for  instance,  if  the  number  of  the  specific  bacteria 
present  in  those  tissues  and  blood  be  too  limited  for  showing  them  in  a  ■ 
small  particle  of  the  tissue  or  a  droplet  of  the  blood  used  for  such  cover-glass 
specimens — but  such  cases  are  only  few  ;  in  most  instances  they  can  be  shown 
to  occur  in  such  specimens,  even  if  sometimes  several  such  specimens  may 
be  needed  to  demonstrate  the  bacteria.  Plate  cultivations  and  stab  and  streak 
cultivations  yield,  as  matter  of  course,  much  more  positive  results,  even 
where  the  number  of  bacteria  appears  small  in  the  tissues  when  examined 
under  the  microscope. 

Classification. — Owing  to  the  rapid  increase  and  perfection  of  the  methods  above 
described,  the  number  of  different  species  of  bacteria  ah-eady  well  differentiated  has 
become  very  great,  and  it  is  steadily  on  the  increase.  Numbers  of  species  of  micrococci, 
which  in  former  years  were  all  considered  as  one,  have  become  a  whole  family  of  species. 
We  need  only  refer  to  staphylococcus  and  to  bacillus  subtilis.  Staphylococcus  is  now  merely 
a  generic  name,  and  there  are  a  very  large  number  of  species  of  staphylococci  known,  well 
differentiated  one  from  another ;  nay,  more,  staphylococcus  pyogenes  was  once  the  name  of 
a  species,  but  it  is  now  well  known  that  this  is  a  group  of  species.  The  name  of  staphy- 
lococcuspyogenes  aureus  is  still  by  many  given  to  one  species  ;  but  the  writer  is  sure,  from 
definite  and  systematic  observations  on  this  subject,  that  this  name  comprises  also  several 
species.  Streptococcus  is  another  such  name,  as  was  mentioned  on  a  former  page ;  it 
indicates  the  power  of  micrococci  to  form  chains ;  there  are  a  considerable  number  of 
different  species  of  micrococci  which  belong  to  this  group  ;  streptococcus  pyogenes  of 
Ogston  and  Eosenbach,  until  a  few  years  back,  was  regarded  as  a  single  species  of  strep- 
tococcus, but  this  also  comprises  a  number  of  different  species.  Bacillus  subtilis,  formerly 
the  name  of  a  species,  is  really  the  name  of  a  family  of  similar  species.  In  choosing  the 
name  for  any  one  species  there  does  not,  at  present,  exist  an  understanding  on  the  part 
of  bacteriologists  about  any  standard  character,  but  a  name  is  chosen  by  one  bacteriolo- 
gist according  to  one  prominent  character,  by  another  according  to  another  ;  hence  there 
exists  a  tendency  to  name  the  same  species  by  different  appellations.  This  is  particularly 
and  strikingly  illustrated  when  one  looks  through  the  literature  that  has  accumulated 
in  recent  years  on  water  bacteria  and  other  saprophytic  bacteria  ;  it  is  less  so  in  the  case 
of  bacteria  connected  with  disease,  for  in  these  cases  the  name  is  the  name  of  a  class, 
and  to  it  is  added  the  name  of  the  disease  with  which  it  is  associated— e.g.  bacillus 
choleras  gallinarum,  bacillus  anthracis,  bacillus  tuberculosis,  bacillus  mallei ;  but  occa- 
Bionally  also  in  these  groups  one  meets  with  appellations  which  are  most  misleading — 
e.g.  bacillus  cuniculicida,  meaning  by  this  a  particular  bacillus  (formerly  called  a  bacte- 
rium) which  is  fatal  to  rabbits,  and  discovered  by  Koch.  As,  however,  there  exist  a  host 
of  different  species  of  bacilli  which  are  cuniculicida,  it  would  be  better  to  call  the  former 
B.  cuniculicida  Koch,  and  to  distinguish  it  from  other  B.  cuniculicida.     Or  take  the  case  of 
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spirillum  sputigenum,  the  name  given  to  spirilla  occurring  in  the  fluid  of  the  mouth,  it  is 
clear  that  this  is  not  one  but  several  species,  and  that  when  their  characters  are  better 
studied  other  names  will  have  to  be  added. 

The  best  account  of  this  constantly  and  rapidly  growing  subject  has  been  published  by" 
James  Eisenberg,  '  Bacteriologische  Diagnostik,'  3rd  edition,  1891. 

Heat 

In  a  former  chapter  we  have  stated  the  important  differences  that  exist- 
as  regards  the  influence  of  different  temperatures  on  the  different  species  of 
bacteria  ;  amongst  other  points  it  was  mentioned  that  while  in  most  cases 
certain  higher  temperatures  (30-38°  C.)  favour,  lower  temperatures  (16-17°  C.) 
and  also  too  high  temperatures  (42-45°  C.)  diminish,  the  power  of  multiplica- 
tion. In  some  few  species — e.g.  bacillus  thermophilus — extremely  high 
temperatures  (65-70°  C.)  are  still  appropriate.  We  further  mentioned  that  in 
some  cases  the  bacteria  do  not  grow  at  temperatures  above  25°  C,  while 
others  do  not  grow  at  temperatures  below  22°  C.  Now  in  all  cases  of  the 
multiplication  of  bacteria  heat  is  evolved  ;  in  those  that  grow  rapidly  at 
ordinary  temperatures  (16-22°  C),  amongst  them  the  typical  putrefactive 
organisms  or  saprophytes,  the  amount  of  heat  evolved  is  considerable  and 
easily  noticeable ;  and  there  is  a  fruitful  field  of  research  opened  in  this  respect 
— viz.  to  ascertain  accurately  the  manner  and  amount  of  this  heat  production 
in  the  different  species.  As  we  shall  point  out  later,  Birch-Hirschfeld  has 
ascertained  this  evolution  of  heat  also  for  tubercle  bacilli.  It  has  been 
stated  that  the  febrile  rise  of  temperature  in  the  body  in  the  case  of  rapidly 
growing  pathogenic  bacteria  is  probably  due  to  such  a  cause  ;  but  this  is 
not  based  on  any  direct  evidence  ;  on  the  contrary,  it  is  more  probable  that 
where  in  a  disease  rise  or  fall  of  temperature  takes  place,  it  is  due  to  a 
direct  action  of  the  chemical  products  of  the  bacteria  on  the  heat -regulating 
mechanism  in  the  body.  Take,  for  instance,  the  case  of  anthrax  and  some 
cases  of  septicemia  ;  here  the  rise  of  temperature  is  greater  in  the  initial 
stages  of  the  multiplication  than  in  the  later  stages  when  the  bacteria  have 
become  more  numerous — in  fact,  towards  the  stages  when  they  have  become 
very  numerous  the  temperature  of  the  body  rapidly  falls.  An  apparently 
opposite  result  is  noticed  in  the  case  of  the  spirilla  of  relapsing  fever  and  the 
Plasmodia  of  malarial  fever,  for  here  the  onset  of  the  fever-rise  is  coincident 
with,  or  even  follows  the  immigration  into  the  blood  of  the  parasites.  We 
say  apparently,  because  there  is  ample  evidence  that  rise  of  temperature 
has  not  its  cause  in  the  blood  but  in  the  tissues.  But  the  general  observa- 
tions of  artificial  cultures  of  various  species  of  saprophytes,  as  well  as 
of  pathogenic  bacteria,  prove  that  under  these  conditions,  and  growing  at 
ordinary  temperatures,  there  is  often  an  appreciable  rise  of  temperature 
noticeable.  This  rise  is  obviously  the  result  of  oxidation  and  disintegration 
processes  going  on  in  the  nutrient  medium  in  connection  with  the  multipli- 
cation of  bacteria.  The  writer  has  noticed  in  a  general  way,  as  was  d  priori 
to  be  expected,  that  in  the  case  of  motile  bacilli  and  motile  spirilla  this  rise  is 
more  appreciable,  cc&teris  iDaribus,  than  in  other  not  motile  bacilli ;  and  the 
same  is  the  case  in  those  species  which  grow  best  on  the  surface  of  the  nutritive 
gelatine  as  compared  with  those  that  grow  better  deep  in  the  fluid.  On  the 
detrimental  influence  of  higher  temperatures  see  the  chapter  on  Disinfection. 

Light 

Diffused  light  has  a  small,  direct  sunlight  has  a  powerful,  inimical  influence 
— both  inhibitory  and  germicidal — on  the  growth  and  life  of  many  bacteria. 


44  HYGIENE 

The  observations  of  Duclaux  on  this  point  comprise  many  species  of  bacteria, 
and  those  of  Dr.  Downes  have  added  much  valuable  knowledge  to  this 
subject.  Dr.  Downes  finds  that  the  influence  of  direct  sunlight  has  a  very- 
marked  germicidal  effect  on  various  microbes — e.g.  anthrax  bacilli,  spore- 
less  and  spore-bearing,  and  tubercle  bacilli. 

But  while  in  many  cases  the  direct  sunlight  has  an  inimical  influence, 
there  exist  certain  species  of  bacteria,  which  in  their  growth  and  develop- 
ment evolve  phosphorescent  light. 

Engelmann  studied  a  species  of  bacillus  (bacillus  photometricus)  which, 
owing  to  its  great  sensitiveness  to  light,  he  used  to  accurately  measure  light. 

As  regards  the  phosphorescent  bacteria,  the  following  observations  have 
been  made.  It  has  been  known  for  a  long  series  of  years  that  decomposing 
wood  and  decomposing  sea  fish  occasionally  become  phosphorescent,  but  Pfliiger 
was  the  first  to  show  that  the  phosphorescence  in  the  case  of  fish  was  due  to 
the  growth  thereon  of  bacteria.  Eecent  researches  by  Ludwig,  Fischer,  and 
particularly  Lehmann  ('  Centralbl.  f.  Bacterien.-u.  Parasitenk.,'  V.  24)  showed 
that  the  phosphorescence  of  bacillus  phoscorescens  Fischer  is  a  result  of  its 
growth  and  multiplication  under  certain  conditions,  but  not  under  others.  This 
bacterium  growing  in  gelatine,  broth,  boiled  or  raw  meat  or  fish,  potato,  &c., 
under  access  of  oxygen,  produces  phosphorescence ;  when  growing  in  the  depth 
phosphorescence  is  absent ;  in  COo  (Frankel)  the  microbe  grows  but  does 
not  show  phosphorescence.  Whether  the  phosphorescent  condition  of  the 
nutritive  medium  is  due  to  special  chemical  products,  to  a  mucous  capsule,  or 
to  the  protoplasm  of  the  bacteria  is  not  decided.  {See  also  on  phosphorescent 
bacteria,  Oscar  Katz,  '  Centralbl.  f.  Bact.  u.  Parasit.,'  IX.  No.  5.) 

For  highly  interesting  observations  on  infection  of  various  sea  animals 
(invertebrates)  in  the  living  state  with  phosphorescent  bacteria,  see  M.  Girard, 
*  Comptes  Eendus,'  Sept.  23,  1889. 

Pigment 

This  is  a  remarkable  and  interesting  phenomenon  exhibited  by  a  great 
many  species  of  bacteria  when  growing  in  one  or  another  medium.  While 
some  possess  in  this  respect  a  highly  specialised  character,  capable  of  forming 
a  well-defined  pigment  in  most  conditions  of  growth,  others  assume  a 
pigmented  aspect  only  while  growing  on  one  particular  medium.  Of  the 
former  class  are  those  well  known  since  Schroter  and  Cohn  as  the  '  pigment 
bacteria  ' — e.g.  bacillus  prodigiosus,  micrococcus  aurantiacus,  micrococcus 
<5hlorinus,  bacillus  ruber,  bacillus  pyocyaneus  of  green  pus,  bacillus  cyano- 
genus  of  blue  milk,  micrococcus  magenta,  spirillum  rubrum,  and  many  others ; 
to  the  latter  class  belong  bacteria  which  only  on  a  particular  medium,  e.g. 
on  potato,  form  a  pigmented  growth,  such  as  bacillus  of  glanders,  spirillum 
of  cholera  ;  or  on  agar,  staphylococcus  aureus.  With  few  exceptions  (spiril- 
lum rubrum)  the  production  of  the  colouring  matter  is  dependent  on  free 
access  of  air ;  in  the  absence  of  this  the  colour  is  not  produced,  though  the 
microbe  shows  active  growth. 

Reaction  of  Medium 

Most  species  of  bacteria  grow  best  in  faintly  alkaline  media,  but  there  are 
some  species  which  show  good  growth  in  even  slightly  acid  media,  and  a  few 
show  very  good  growth  in  acid  media  of  a  certain  definite  chemical  character — 
e.g.  certain  bacilli  found  in  normal  acid  urine,  and  growing  in  this  urine  as  long 
as  it  remains  acid.  In  fact,  the  increase  of  acidity  in  the  normal  urine  during 
the  first  twenty-four  hours  is  referred  to  the  fermentative  action  of  these 
bacilli.    Then  the  various  species  of  bacilli  which  are  concerned  in  converting 
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sugar  into  lactic  acid  (souring  of  milk)  grow  well  when  the  medium  has 
become  distinctly  acid  by  this  reagent  ;  likewise  the  bacillus  aceti,  which  is 
concerned  in  the  oxidation  of  alcohol  into  acetic  acid  (e.g.  souring  of  beer, 
wine)  grows  well  in  acid  media.  On  the  other  hand,  many  bacteria  refuse 
to  grow  in  even  faintly  acid  media — e.g.  the  anthrax  bacillus,  the  streptococci, 
many  saprophytic  bacilli  and  micrococci,  most  of  the  pathogenic  bacteria, 
micrococci,  bacilli,  and  spirilla — although,  as  has  been  mentioned,  many  of 
them  grow  well  on  potato,  which  has  a  slightly  acid  reaction  (malic  acid). 

The  addition  of  acid  to  an  otherwise  favourable  medium — e.g.  acetic  acid, 
citric  acid,  various  mineral  acids,  as  free  acid  or  as  acid  salts — converts  this 
medium  into  an  unfavourable  soil,  and  if,  before  the  addition  of  the  acid, 
growth  of  one  or  another  species  of  bacteria  had  been  taking  place  in  that 
medium,  the  addition  of  the  acid  stops  the  further  growth,  and,  if  added 
in  sufficient  amount,  kills  the  bacilli  and  micrococci — but  not  the  spores— if 
acting  on  them  for  a  sufficiently  long  time.  And  in  this  respect  it  must  be 
mentioned  that,  though  many  bacteria  themselves  as  they  multiply  produce  no 
change  in  the  reaction  of  the  medium,  others  produce  distinct  acidity,  while 
others  produce  only  slight  acidity  and  some  even  alkalinity.  A  useful  method 
for  studying  this  change  going  on  in  a  given  medium  by  the  growth  of  bacteria 
is  to  add,  after  Bucliner,  a  small  amount  of  liimus  solution ;  this  in  itself  has 
no  bad  effect  on  the  growth,  and  by  the  change  of  its  colour,  the  change  of  the 
reaction — if  any — brought  about  by  the  growth  of  the  bacteria  can  be  easily 
followed. 

Petruscliky  describes  minutely  the  results  of  a  very  large  number  of  observations  made 
on  several  dozens  of  different  species  of  bacteria  in  this  respect,  and  he  finds  ('  Centralblatt 
f.  Bact.  u.  Parasit.'  VII.  Bd.  Nos.  1  and  2)  that  some  species  do  not  alter  the  original  alka- 
linity of  the  medium  (whey)  ;  of  this  kind  is  the  bacillus  of  fowl  cholera,  bacillus  of  Koch's 
septicaemia  of  mice,  and  bacillus  of  rabbits'  septicfemia.  Others  produce  a  greater  or  lesser 
amount  of  acidity ;  others  produce  alkali.  In  No.  2  of  vol.  vii.  (p.  63)  of  that  journal 
Petruschky  gives  a  very  interesting  tabular  statement  of  those  species,  and  of  the  amount 
of  acidity  or  alkalinity  they  are  capable  of  producing  when  growing  in  that  particular 
medium. 

It  is  probably  to  the  production  of  acidity  as  also  of  other  substances — e.g. 
phenol— that  the  growth  in  certain  cultivations  ceases  before  the  nutritive  value 
of  the  medium  has  become  exhausted,  and,  further,  that  the  microbes  (except 
the  spores)  remaining  in  that  medium  gradually  die.  Take,  for  instance,  the 
two  species  of  spirilla  known  as  Koch's  cholera  spirilla  and  Finkler's  comma 
bacilli ;  both  species  when  growing  in  broth  or  in  nutrient  gelatine,  which 
latter  becomes  liquefied  by  either  of  them,  produce  acidity,  slight  but  distinct, 
after  some  days'  growth  more  pronounced  in  the  former,  i.e.  Koch's  spirilla, 
than  in  the  latter,  i.e.  Finkler's  comma  bacilli ;  and  in  accordance  with  this  it 
is  seen  that  the  cultures  of  Koch's  spirilla  undergo  degenerative  changes  and 
altogether  die  much  sooner  than  those  of  Finkler's  comma  bacilli.  This  same 
phenomenon  can  be  demonstrated  also  on  some  species  of  staphylococci  and 
streptococci  and  on  non- spore -forming  bacilli.  But  not  in  all  species  of 
bacteria  in  which  the  gradual  dying  off,  or  at  any  rate  the  stoppage  of  further 
growth,  in  the  culture  takes  place  is  this  fact  due  to  acidity,  for  in  some  no 
acid  is  formed  and  still  the  microbes  gradually  die  off,  or  their  growth  comes 
to  an  end  even  where  no  exhaustion  of  the  nutritive  material  had  taken 
place.  Thus,  for  instance,  the  typhoid  bacillus,  many  species  of  strepto- 
cocci, the  diphtheria  bacillus  when  growing  in  streak  cultures  on  nutritive 
gelatine  or  other  solid  media,  after  some  weeks'  growth,  come  to  an  end, 
and  yet  there  is  no  appreciable  acidity  or  exhaustion  of  the  medium 
produced.     The  writer  has  had  many  plate  cultures  (on  slanting  gelatine  in 
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tubes,  see  aformer  page)  in  which,  when  a  colony,  having  reached  its  maximum 
development,  was  removed  by  scraping  it  off  from  the  gelatine,  no  new  growth 
took  place  on  this  particular  spot  previously  occupied  by  the  colony,  although 
the  medium  of  this  spot  could  not  of  course  be  considered  as  exhausted, 
and  although  T\nth  the  colony  so  removed  any  number  of  sub-cultures  can  be 
started  without  difQculty.  Other  bacilh  that  have  been  examined  in  this  respect 
behave  in  the  same  manner — e.g.  several  species  of  streptococci,  the  Middles- 
brough bacillus  of  pneumonia.  In  these  cases  it  is  then  neither  acidity  pro- 
duced in,  nor  exhaustion  of,  the  nutritive  gelatine  which  is  the  cause  of  the 
growth  coming  to  an  end,  but  there  must  be  other  substances  at  work  which 
have  been  produced  by  the  bacteria,  and  which  substances,  though  in  some 
cases  they  do  not  kill  the  microbes  like  those  just  mentioned,  in  others  kill 
the  microbes  themselves,  like  those  previously  named — the  typhoid  bacillus, 
Xoch's  andFinkler's  sphilla;  the  natm^e  of  these  substances  is  not  ascertained. 
Many  substances  which  when  added  to  particular  bacteria  have  the  power 
to  kill  them,  or  to  inhibit  their  growth  when  added  in  minute  quantities  to  a 
medium  otherv^dse  favourable  to  the  growth  of  these  bacteria  ;  in  the  former 
case  we  speak  of  the  killmg  power,  in  the  latter  of  the  restraining  power, 
of  the  substances.  We  shall  speak  in  detail  in  a  separate  chapter  of  these 
substances,  but  at  present  we  only  wish  to  point  out  that  the  former  action 
is  spoken  of  as  disinfection,  the  latter  as  antiseptic  action — two  totally  dif- 
ferent things.  Of  these  substances  the  number  is  legion  ;  from  the  mineral 
acids  like  sulphuric  and  hydrochloric  acids,  and  the  coagulating  alcohol, 
to  the  powerful  specific  disinfecting  action  of  carbohc  acid,  iodine,  and 
perchloride  of  mercury,  a  large  number  of  substances  are  known  which, 
according  to  the  strength  used,  have  either  a  restraining  or  a  disinfecting 
action. 


CHAPTEE   VI 

BELATION   OF  ANIMAL    TISSUES   TO  BACTEBIA 

A  DIFFERENT  influence  on  bacteria  is  effected  by  the  hving  and  dead  tissues 
of  the  animal  body.  Tissues  that  are  dead  but  are  still  connected  with  the 
livhrg  body  furnish  for  many  bacteria  a  good  soil  for  their  growth  and 
multiplication.  All  those  parts  which  though  in  immediate  contact  with 
normal  tissues  are  nevertheless  more  or  less  loosened  and  unconnected 
either  with  the  vascular  or  nervous  ajpparatus  must  be  regarded  as  practi- 
cally dead  tissues.  Thus  the  more  or  less  detached  epithelial  sm'face-layers 
in  the  cavity  of  the  mouth,  tongue,  pharynx,  vagina,  urethral  orifice,  and 
nasal  cavity,  the  mucus  attached  to  the  surface  of  mucous  membranes — 
mouth,  pharynx,  larynx,  trachea,  and  bronchi — or  in  the  mouths  of  the  ducts 
of  the  mucous  glands,  the  mucus  and  other  secretions,  and  contents  of  the 
small  and  particularly  of  the  large  intestine  ; — all  these  represent  a  good  soil 
for  the  growth  and  multiphcation  of  various  species  of  bacteria,  since  in  these 
materials  they  find  a  good  proteid  nutritive  material,  and  in  warm-blooded 
animals  there  is  the  best  degree  of  temperature  and  moisture  present.  The 
detaching  epithelial  scales  and  mucus  on  the  surface  of  the  mucous  membrane 
of  the  mouth,  tongue,  tonsils,  and  pharynx,  and  the  fluid  in  the  cavity  of  the 
mouth  and  pharynx,  represent  the  very  best  conditions,  and  accordingly  we 
find  there  constantly  the  most  luxuriant  growth  of  the  most  varied  species 
of  micrococci  and  bacilh  :  staphylococcus  liquescens  and  non-hquescens, 
both    sometimes  forming   continuous  masses  (furi  on   the   surface  of  the 
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papillae  of  the  tongue ;  streptococcus,  a  capsulated  bacillus  (Sternberg) 
similar  to  the  bacillus  of  Friedlander  ;  a  leptotbrix  forming  motile  bacillus  ; 
a  leptotbrix  forming  non-motile  bacillus,  this  sometimes  in  enormous  masses 
on  the  surface  ;  occasionally  a  bacillus  similar  to  the  Klebs-Loffler  diphtheria 
bacillus  (Hoffman) :  the  pseudo-diphtheria  bacillus  of  Loffler  ;  a  small  bacillus 
motile  and  not  forming  leptotbrix  ;  a  diplococcus  similar  to  the  diplococcus 
pneumoniae  of  Frankel  and  Weichselbaum  ;  a  fine  spirillum,  spirillum  denti- 
cola,  particularly  in  caries  of  teeth  ;  a  comma-bacillus  similar  to  Finkler's 
comma-bacillus  (Miller) ;  a  comma-bacillus  somewhat  smaller  than  this 
(Miller,  '  Die  Microorganismen  der  Mundhohle ;  '  Podbielsky,  '  The  Micro- 
organisms of  the  Oral  Cavity  ;  '  Centralbl.  f.  Bact.  u.  Parasit.,'  IX.  Nos.  18, 19  ; 
also  Dr.  Th.  David,  'Les  Microbes  de  la  Bouche,'  Paris,  1890).  Also  m  the 
mucus  of  the  nasal  cavity  various  species  of  micrococci,  bacilh,  and  spirilla 
are  present ;  in  the  contents  of  the  lower  parts  of  the  small  intestine  their 
jiumber  is  considerable,  and  in  those  of  the  large  intestine  their  number 
is  legion.  In  the  normal  mucus  of  the  respiratory  system  '  they  are  also 
present,  and  in  the  mucus  and  inflammatory  products  in  the  pharynx,  larynx, 
less  in  the  bronchial  system,  their  number  is  sometimes  great.  There  is  a 
very  great  difference  noticeable  in  this  respect  between  the  mucus  derived 
from  the  bronchial  system  in  the  normal  and  the  inflammatory  secretions, 
as  in  catarrhal  and  other  inflammatory  states — since  while  in  the  former  the 
number  and  species  of  bacteria  are  comparatively  limited,  in  the  bronchial 
inflammatory  states  their  number  is  sometimes  found  extremely  great.  So 
also  in  inflammatory  conditions  of  the  fauces — e.g.  in  tonsillitis  and  in 
ulcerations — the  number  and  species  are  extremely  great. 

The  superficial  layers  of  the  epidermis — i.e.  the  stratum  corneum — contain 
under  normal  conditions  bacteria  of  different  species  (Bizzozero,  Bordoni 
Uffreduzzi),  which  were  studied  by  the  latter  observer  in  their  morphological 
and  biological  characters.  In  sections  through  the  normal  mucous  membrane 
of  the  alimentary  and  respiratory  organs  it  is  difficult  to  find  any  bacteria 
even  in  the  most-^superficial  layers  of  the  epithelium.  In  sections  through 
the  normal  mucous  membrane  of  the  mouth,  the  tongue,  fauces,  pharynx, 
larynx,  and  trachea,  particularly  the  tongue  and  tonsils,  the  bacteria  attached 
to  or  lodged  between  the  most  superficial  scales  of  the  epithelium  are  not 
difficult  to  demonstrate,  and  occur  chiefly  in  the  form  of  micrococci  and 
bacilli.  They  cannot  be  traced  into  the  middle  and  deep  layers  of  the 
epithelium  unless  there  is  degeneration  or  breaking  down  of  the  surface,  due 
to  inflammation,  ulceration,  or  the  like,  going  on.  In  these  conditions  the 
bacteria  can  be  seen  in  large  numbers  attached  to  these  points  of  broken- 
down  tissue,  and  from  here  they  extend  also  into  the  depth  ;  and  it  will  be 
noticed  that  as  we  pass  from  the  most  superficial  points  of  broken-down 
tissue  into  the  depth  towards  the  inflamed,  but  not  broken  down,  parts,  the 
number  of  bacteria  gradually  diminishes,  and  as  we  come  to  more  or  less 
normal  parts,  they  altogether  disappear.  This  would  show  that  these  bacteria 
thrive  only  where  dead  or  diseased  tissue  exists,  and  that  the  more  healthy 
the  tissue  the  less  they  are  capable  of  existing.  This  refers  to  bacteria  of 
which  the  representatives  are  normally  present  on  these  surfaces — i.e.  bacteria 
which  are  true  saprophytes — and  amongst  these  micrococci  are  better  able  to 
penetrate  than  bacilh.  As  regards  the  epidermis  under  normal  conditions, 
no  bacteria  are  found  deeper  than  the  surface  of  the  stratum  lucidum  ;  in 
inflammations,  ulcerations,  and  breaking  down  they  can  be  traced  also  into 

'  Weibel,  Babes,  and  particularly  Besser,  on  the  bacteria  present  in  mucus  of  the  nasal 
jpassages. 


48  EYGIEXE 

the  deptli  according  to  the  amount  of  breaking  down  of  the  tissue.  In 
extensive  ulcerative  processes  in  the  skin  and  mucous  membranes  the 
niunber  of  the  bacteria  on  the  sm-face,  and  their  power  of  penetration  from  the 
surface  into  the  depth,  particularly  that  of  micrococci  and  some  small  bacilli, 
goes  on  on  a  large  scale,  often  forming  continuous  streaks  and  patches,  some- 
times filhng  a  vessel  containing  blood  in  stasis  or  a  lymph  space  or  cleft,  or 
other  discontinuities  in  the  tissue.  In  severe  degenerative  changes  of  the 
mucous  membrane  of  the  ahmentary  canal  one  sees  bacteria  covering  in 
continuous  masses  the  surface  and  extending  thence  into  the  depth,  par- 
ticularly into  crevices  and  clefts  like  those  formed  by  the  detachment  of 
the  epithehum  lining  the  glandular  tubes  in  the  mucous  membranes ;  thus 
in  dysentery,  diphtheria,  and  Asiatic  cholera,  crowds  of  bacteria  are  seen 
extending  in  masses  into  the  canity  of  the  Lieberkiihn's  follicles,  and  into 
clefts  left  by  the  detachment  of  the  epithehum  lining  these  glands.  And 
the  same  may  be  said  for  other  tissues  where  inflammatory  and  ulcerative 
processes  occur  in  connection  with  a  surface.  It  has  been  shown  experi- 
mentally by  Wyssokovitch  ('  Zeitschrift  f.  Hygiene,'  Bd.  I.)  that  when 
bacteria  are  introduced  into  the  normal  blood  system  they  disappear  without 
settling  anywhere  in  particular  ;  but  if  previously  some  ulcerative  or  degene- 
rative process  had  been  established,  the  introduction  of  saprophytic  bacteria 
into  the  vascular  system  is  foUowed  by  these  bacteria  becoming  carried  to 
and  settling  in  these  foci  of  degeneration,  and  here  they  are  seen  to  multiply 
with  great  rapidity.  Similarly  it  has  been  shown  that  various  species  of 
saprophytic  bacteria  introduced  into  the  vascular  system  of  a  normal  animal 
soon  disappear  altogether,  the  spleen  being  the  organ  to  retain  them 
longest ;  some  disappear  sooner  than  others ;  spores  of  bacillus  subtilis 
remain  for  some  time  in,  and  are  recoverable  by  cultivation  from,  the 
spleen. 

From  all  these  considerations  it  follows  that  the  presence  of  various 
species  of  bacteria  in  various  organs  in  which  degenerative,  ulcerative, 
suppurative,  and  necrotic  changes  are  going  on  may  be  of  the  character  of 
secondary  invasion.  It  is  a  well-known  fact  that  has  been  observed  over 
and  over  again  during  many  years  ]Dast  that  such  changes  in  the  various 
organs  in  connection  with,  or  subsequent  to,  some  infectious  and  other 
diseases  are  in  some  cases  associated  with  the  presence  of  various  bacteria, 
not  having  any  causal  relation  to  the  primary  disease,  but  due  to  their 
secondary  access  to  these  parts.  But  also  for  the  normal  ahmentary  canal 
(the  lower  ileum)  it  has  been  proved  by  Bizzozero,  Eibbert,  and  Buffer,  that 
bacteria  are  capable  of  penetrating  from  the  surface  into  the  tissue  of  the 
mucous  membrane  ;  in  the  perfectly  normal  Beyer's  glands  of  the  caecum 
of  the  rabbit  it  is  not  difficult  to  trace  small  baciUi  from  the  intact  free 
surface  into  the  lymphatic  tissue  of  the  lymph  follicles,  either  as  isolated 
bacilh  or  enclosed  as  masses  in  large  cells.  The  same  apphes  to  the  tonsils, 
as  shown  by  Buffer.  How  much  more  wiU  such  an  invasion  be  possible  if 
the  alimentary  canal  be  in  a  diseased  state,  or  after  death  ?  There  is  no 
difficulty  in  finding  various  species  of  bacteria  in  the  portal  system  of  the 
hver  and  in  the  spleen  if  the  post-mortem  be  delayed  for  some  time,  say, 
forty-eight  hours  or  more,  notably  in  warm  weather.  On  the  peritoneal  or 
serous  surface  of  the  ahmentary  canal  bacteria,  chiefly  motile  bacilli,  are 
sometimes  found  on  post-vwrtevi  even  after  a  few  hours  in  warm  weather  ; 
these  by  their  motility  and  rapid  multiplication  must  have  penetrated  into 
the  dead  mucous  membrane,  and  through  this  out  into  the  peritoneum. 
Koch  found  in  a  strangulated  person  bacilli  in  the  vertebral  arteries  six 
hours  after  death.     In  the  large  vessels  of  the  inflamed  lung  and  in  the 
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tissue  around,  the  writer  has  seen  septic  bacilli  twelve  hours  after  death. 
Similarly  he  has  found  motile  septic  bacilli  on  the  capsule  of  the  spleen  of 
mice  and  guinea-pigs  twelve  hours  after  death.  In  the  larger  branches  of 
the  portal  vessels  he  has  met  in  the  summer  with  micrococci  and  motile  bacilli 
six  hours  after  death.  In  necrotic  patches  of  the  liver,  in  the  tissue  of  the 
tubercular  lung,  septic  micrococci  and  septic  motile  baciUi  are  found  in 
masses,  where  they  must  have  been  present  during  life. 

From  all  this  it  follows  that  while  saprophytic  bacteria  of  various  kinds 
are  normally  present  on  surfaces  and  in  cavities  connected  with  the  free 
surfaces — i.e.  the  outer  air — they  have  not  the  power,  unless  specific,  to 
thrive  in  the  normal  hving  tissue  ;  but  the  tissue  becoming  diseased,  disor- 
ganised, or  dead,  can  easily  become  the  seat  of  growth  for  bacteria  that  have 
invaded  the  tissue  or  been  carried  there.  Now  the  important  question  arises, 
"What  is  the  cause  of  this  inimical  power  exerted  by  the  normal  living  tissues 
on  non-specific  bacteria  ?  A  large  number  of  observations  carried  on  within 
the  last  few  years  by  Fodor,  Buchner,  Ogata,  Sirotinin,  Nutall,  and  particularly 
Niessen,  have  shown  that  the  plasmatic  fluids  of  the  body — lymph  and  blood — 
have  in  their  fresh  and  Hving  state  the  power  to  destroy  and  kill  bacteria 
brought  into  contact  with  them.  The  experiments  of  Buchner,  NutaU,  and 
Niessen  bave  shown  that  the  fresh  blood  plasma  used  in  the  test-tube  has 
a  remarkable  power  of  doing  this,  although  this  power  differs  considerably  as 
regards  different  species.  Thus,  micrococcus  aquatilis,  cholera  spirillum,  an- 
thrax baciUus,  typhoid  bacillus,  and  the  bacillus  of  Friedliinder  are  easily  killed 
after  a  few  minutes  (five  to  twenty  minutes),  while  others,  e.g.  staphylococcus 
pyogenes  aureus  and  albus,  streptococcus  erysipelatos,  bacillus  of  fowl  cholera 
and  swine  fever,  and  proteus  hominis  are  only  very  slightly  affected  by  it  ;  on 
proteus  vulgaris,  bacillus  fluorescens  liquescens,  bacillus  aquatilis,  and  bacillus 
prodigiosus  it  has  no  appreciable  effect.  But  also  in  the  cases  where  the  fresh 
blood  exerts  its  inimical  action,  this  only  takes  place  if  the  relative  number 
of  bacteria  added  is  limited,  for  the  killing  power  of  a  given  quantity  of 
fresh  blood  is  limited,  so  that  if  the  number  of  bacteria  introduced  be  too 
large,  the  kilhng  power  of  the  blood  does  not  extend  to  all  bacteria ;  and 
having  been  consumed  and  exhausted  in  killing  a  certain  number  of  them, 
others  escape,  and  these,  then,  are  capable  of  rapidly  multiplying,  as  in  any 
other  medium.  The  power  of  the  blood  to  kill  certain  bacteria  rests  with  the 
plasma,  and  it  is  the  same  power  that  also  kills  the  leucocytes.  There  is  a 
remarkable  parallelism  between  blood  plasma  and  leucocytes  on  the  one  hand 
and  blood  plasma  and  bacteria  on  the  other,  for  when  the  blood  plasma  kills 
the  leucocytes  it  also  kills  bacteria,  i.e.  when  the  blood  and  blood  plasma  are 
fresh  ;  fresh  peptonised  blood  and  peptonised  plasma,  on  the  other  hand,  kill 
neither  the  bacteria  nor  the  leucocytes.  When  blood  is  heated  to  52°  or  58°  C. 
for  twenty  to  thirty  minutes  (Nutall)  it  loses  the  power  of  killing  bacteria, 
which  it  otherwise  killed  ;  blood  mixed  with  magnesium  sulphate  loses  the 
killing  power  ;  when  blood  is  kept  for  several  hours  it  also  loses  this  power. 
Blood  to  which  bacteria  had  been  added  and  thereby  killed,  coagulates  quicker 
(Grohmann),  just  as  blood  which  kills  the  leucocytes  coagulates  quicker. 

Buchner  ('  Centralbl.  f.  Bact.  und  Parasit.,'  VI.)  has  made  very  extensive 
observations  on  the  germicidal  power  of  blood  plasma  and  blood  serum ;  he 
points  out  an  important  antagonistic  action  vested  in  these  fluids,  on  the  one 
hand,  as  to  their  power  of  being  nutritive,  and  on  the  other,  as  to  being  ger- 
micidal ;  the  first  depends  on  materials  no  longer  living,  e.g.  dissolved  or 
broken-down  blood  corpuscles,  the  latter  on  the  '  living  '  or  '  active  '  condition 
of  albumen.  Buchner  shows  that  the  circulating  blood  possesses  the  germicidal 
property  in  a  higher  degree  than  blood  after  removal  from  the  body  :  evidently 
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the  former  contains  in  a  much  smaller  degree  the  particular  nutritive  elements 
than  the  latter,  which  of  course  contains  the  products  of  the  dead  or  broken- 
down  blood-corpuscles.  Buchner  further  shows  that  the  germicidal  power 
of  the  blood  is  not  dependent  on  the  leucocytes  at  all — an  important  fact, 
since  Metschnikoff  and  others  attribute  this  function  solely  to  the  white 
corpuscles — and  further  that  it  depends  entirely  on  the  albumen  present  in 
the  plasma  or  serum,  as  long  as  this  is  in  combination  with  salt,  or,  as  he 
terms  it,  is  in  an  'active'  state.  Plasma  or  serum  free  of  cells  acts  germi- 
cidally  ;  if  from  it,  by  dialysis,  the  salt  is  removed,  it  loses  its  germicidal  power ; 
the  salts  of  the  plasma  or  serum  themselves  possess,  however,  no  germicidal 
power.  Lubarsch  ('  Fortschritte  d.  Medizin,'  Bd.  VIII.  No.  17)  thinks  it  pro- 
bable that  the  germicidal  action  and  mhibitive  power  of  the  living  tissues  may 
in  a  large  measure  depend  on  the  chemical  activity  of  the  tissue  cells,  that  is,  on 
chemical  substances  excreted  or  produced  by  the  cells ;  hence  the  battle  against 
bacteria  is  essentially  of  a  bio-chemical  nature,  as  has  been  ably  demonstrated 
by  Petruschki  in  a  series  of  papers.  It  is,  however,  not  decided  of  what 
exact  nature  this  chemical  substance  is  ;  it  remains  to  be  shown  whether,  as 
Hankin  maintains  ('Br.  Med.  Jour.,'  1890),  it  is  a  cell  globulin,  or  whether 
it  is  a  ferment,  as  is  maintained  by  Ogata  ('  Centralbl.  f.  Bact.  und  Parasit.,' 
Bd.  IX.  Nos.  18  and  19). 

Sanarelli  ('  Centralbl.  f.  Bact.  und  Parasit.,'  Bd.  IX.  No.  14)  gives  an 
excellent  resmnS  of  the  literature  of  this  important  subject ;  he  at  the  same 
time  describes  carefully  conducted  experiments  in  which  he  proves  the  germi- 
cidal action  of  the  living  pure  cell-free  lymph  of  the  frog  on  bacillus  anthracis. 

It  follows,  then,  from  these  observations  that  the  kiUing  power  of  fresh 
blood  on  bacteria  (strong  for  some  bacteria,  slight  for  others,  and  wanting 
altogether  for  still  others)  is  a  power  which  resides  in  the  plasma,  that  it  is 
a  power  which  is  exhaustible  according  to  the  number  of  bacteria  intro- 
duced, and  that  also  in  some  of  the  positive  cases  it  is  lost  after  the  death  of 
the  blood,  after  heating,  or  after  the  addition  of  certain  chemical  substances. 

Phagocytes  and  Immunity 

It  has  been  maintained  by  Metschnikoff  that  the  power  of  the  living 
tissues  of  an  insusceptible  animal  to  kill  certain  bacteria,  e.g.  bacillus 
anthracis  in  the  frog,  rests  with  the  white  blood  corpuscles,  that  these  accu- 
mulate at  the  place  into  which  the  bacteria  have  been  introduced,  and  here 
take  up — '  eat  up ' — the  bacteria  and  destroy  them,  hence  he  called  the 
leucocytes  '  phagocytes.'  [For  the  literature  and  history  of  phagocytosis, 
see  Lubarsch,  '  Centr.  f.  Bact.  und  Parasit.,'  Bd.  VI.  No.  20.]  Normal  frogs  are 
insusceptible  to  anthrax  infection :  Metschnikoff  introduced  bacilli  anthracis 
into  their  dorsal  lymph-sac,  and  herein  noticed  that  after  some  time  the  bacilli 
are  taken  up  by  leucocytes  and  destroyed  ;  hence  in  this  case  the  immunity 
of  frogs  to  anthrax  was  explained  by  saying  that  leucocytes — phagocytes — 
acting  as  scavengers,  eat  up  and  destroy  the  bacilli.  This  theory  was  then 
extended  by  Metschnikoff  and  others  to  all  cases  of  immunity  and  insus- 
ceptibility, inasmuch  as  it  was  maintained  that  in  all  cases  of  insusceptibility 
the  leucocytes  or  phagocytes,  as  soon  as  the  bacteria  are  introduced,  give 
battle  to  the  bacteria,  and  by  eating  them  up  and  destroying  them,  do  away 
with  their  potential  virulent  activity.  Susceptibility  was  explained  to  mean 
that  the  leucocytes  do  not  act  as  phagocytes,  they  cannot  overcome  the  bac- 
teria, and  therefore  the  latter,  being  victorious,  multiply  and  produce  infection. 
Immunity  against  a  second  attack  was  explained  by  the  same  theory  ;  that 
by  the  first  attack  the  leucocytes  have  acquired  a  certain  germicidal  power, 
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not  possessed  before,  viz.  to  take  up  and  kill  the  bacteria,  while  non-immn- 
nity  against  a  second  attack  was  due  to  the  leucocytes  not  having  acquired 
this  power.  This  '  mechanical '  theory  of  phagocytes  was,  however,  soon 
subjected  to  severe  criticism. 

There  is  no  doubt  about  the  fundamental  fact  that  leucocytes  can  act  as 
phagocytes,  that  is  to  say,  no  one  doubts  that  the  amoeboid  corpuscles  of  the 
blood,  and  of  the  lymphatic  and  connective  tissues,  do  take  up  into  their  interior 
various  kinds  of  formed  matter :  granules,  organic  and  inorganic,  blood-cor- 
puscles or  fragments  of  blood-corpuscles,  and  therefore  there  is  no  a  priori 
reason  why  they  should  not  take  up  bacteria  or  other  microbes  with  which 
they  are  brought  in  contact.  But  this  is  not  what  the  theory  of  phago- 
cytosis teaches  ;  for  this  theory  maintains  that  the  leucocytes  are  the 
aggressors  ;  that  they  take  up  and  destroy  the  living  specific  bacteria,  thereby 
protecting  the  animal  against  infection. 

Although  Metschnikoff  himself  has  recently  somewhat  altered  the  theory 
by  admitting  that  not  only  the  leucocytes  but  also  the  lymph  and  blood- 
plasma  j9er  se  are  capable  of  destroying  the  microbes,  yet  there  is  still  left 
the  fundamental  assertion  that  the  leucocytes  of  the  tissues  of  an  animal  in- 
susceptible to  a  particular  disease  do  destroy  the  particular  microbes,  and 
are  the  principal  instruments  of  procuring  this  immunity.  Against  this 
various  objections  have  been  raised. 

In  the  first  place  it  has  been  shown  that  after  injection  of  anthrax 
bacilli  into  the  lymph-sac  of  the  normal  frog,  degeneration  and  death  of 
many  bacilli  take  place,  which  are  free  in  the  lymph  and  not  included  in 
the  leucocytes  (Fischel,  '  Fortschritte  der  Med.,'  IX.  2)  ;  that  the  cell-free, 
living  lymph  of  the  lymph-sac  of  the  frog  possesses  germicidal  action  has 
been  mentioned  already  above  (Sanarelli).  In  the  second  place  it  has  been 
shown  by  Petruschky,  and  also  by  Fischel,  that  long  before  any  appreciable 
phagocytosis  occurs  in  the  frog's  lymph-sac,  there  are  already  present  in  the 
lymph  degenerating  and  dead  bacilli,  and  that  not  before  three  hours  after 
the  injection  of  anthrax  into  the  lymph-sac  are  there  the  first  indications  of 
commencing  phagocytosis,  viz.  bacilli  are  seen  adhering  to  the  surface  of 
leucocytes,  but  not  yet  enclosed  in  their  substance. 

Thirdly,  it  can  be  shown  that  long  before  any  appreciable  leucocytosis 
occurs  in  the  lymph-sac,  and  before  any  bacilli  are  found  enclosed  within 
the  leucocytes,  numerous  microbes  are  absorbed  into  the  blood  circulation, 
and  can  be  demonstrated  in  a  living  condition  in  the  blood  and  in  the 
spleen.  On  injecting  5  minims  of  a  salt  mixture  of  anthrax  bacilli  or  of  bacillus 
prodigiosus  into  the  dorsal  lymph -sac  of  a  normal  frog,  and  testing  the  blood 
of  the  heart  and  the  spleen  by  cultivation,  ten  minutes,  half  an  hour,  one 
hour,  and  two  hours  afterwards,  innumerable  colonies  of  these  microbes  are 
obtained,  thus  proving  conclusively  that  they  are  absorbed  into  the  general 
circulation,  and  the  process  of  the  destruction  of  the  anthrax  bacilli,  and  the 
immunity  of  the  frog  against  anthrax,  cannot  depend  on  leucocytosis  and 
phagocytosis  going  on  in  the  dorsal  lymph-sac,  i.e.  at  the  seat  of  inocula- 
tion. 

A  further  set  of  objections  was  raised  by  Baumgarten,  Fliigge,  and  others 
to  the  effect  that  phagocytes,  i.e.  cells  which  include  the  bacteria,  are  found 
in  many  acute  and  chronic  infectious  diseases,  where  they — the  phagocytes 
— are  not  required,  where  they  can  be  of  no  use  as  regards  destruction  of  the 
bacteria  and  the  production  of  protection,  for  the  simple  reason  that  in  these 
cases  no  protection  is  ever  produced.  Thus  in  mouse-septicsemia  of 
Koch  the  white  blood  corpuscles  become  crowded  with  the  specific  bacilli 
and  gradually   become  disintegrated,  and  hereby   the   baciUi,   active  and 
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virulent,  become  liberated.  In  Koch's  Egyptian  ophtlialmia,  and  in 
gonorrhoea,  the  leucocytes  are  the  special  nidus  for  the  specific  microbes ; 
in  pigeons  dead  of  swine  erysipelas  the  leucocytes  in  the  vessels  of  the 
liver  are  crowded  with  the  specific  bacilli,  and  are  destroyed  by  them.  In 
leprosy  the  bacilli  select  with  pre-eminence  leucocytes  and  round  cells  :  in 
fact,  a  leprous  nodule  is  an  aggregation  of  round  cells,  small  and  large, 
crowded  with  the  living  leprosy  bacilli,  and  by  disintegration  of  the  cells 
the  bacilli  become  free ;  in  tuberculosis  the  tubercle  bacilli  are  found  in 
cells,  small  and  large,  and  that  is  how  the  bacilU  multiply  and  the  cells 
become  disintegrated.  It  is  true  that  in  the  typical  giant  cells,  e.g.  in  bovine 
tubercle,  the  bacilli  present  in  them  are  most  numerous  at  first,  and  gradually 
disappear  from  the  giant  cells  (Koch),  but  this  is  probably  due  to  the  necrotic 
change  of  the  cells  themselves  (Weigert,  Koch),  but  in  many  instances  we  see 
the  tubercle  bacilli  in  leucocytes  and  round  cells  of  all  sizes  destroying  the 
cells  themselves. 

On  the  other  hand,  it  has  been  urged  that  where  one  might  expect  that 
phagocytes  should  be  present,  as  at  the  seat  of  inoculation  in  an  animal 
possessed  of  immunity,  the  phagocytes  are  either  absent  altogether  or  are 
not  present  in  commensurate  numbers.  Thus  instances  have  been  men- 
tioned where  after  injecting  into  an  insusceptible  animal  a  dose  of  the 
microbes — such  as  would  cause  a  general  fatal  infection  in  a  susceptible 
animal — no  phagocytosis,  or  none  to  speak  of,  could  be  demonstrated.  Dogs, 
cats,  and  rats  are  insusceptible  to  anthrax,  yet  on  injecting  a  good  dose  of 
anthrax  material  into  the  subcutaneous  tissue  of  these  animals  no  phago- 
cytosis of  an  appreciable  degree  occurs.  Fowl  enteritis  is  not  virulent  for 
pigeons  :  on  inoculating  these  animals  with  a  large  dose  of  the  living  bacilli 
of  fowl  enteritis,  no  phagocytosis  occurs  at  the  seat  of  inoculation.  In  some 
other  cases,  however,  of  inoculating  insusceptible  animals  with  the  specific 
microbes,  leucocytosis  and  phagocytosis  do  take  place  at  the  seat  of  inocu- 
lation. 

Thus  in  symptomatic  charbon,  to  which  the  rabbit  possesses  a  certain 
amount  of  insusceptibility,  on  inoculating  the  virus  subcutaneously,  distinct 
leucocytosis  and  phagocytosis  are  observed  (Eufi'er) ;  the  same  is  the  case 
with  the  bacillus  pyocyaneus  in  the  guinea-pig,  whereas  inoculation  into  the 
rabbit  leads  to  acute  general  infection  without  leucocytosis  at  the  seat  of 
inoculation.  The  inoculation  in  the  guinea-pig  produces  the  opposite  result 
(Charrin). 

The  virulent  bacillus  of  diphtheria  inoculated  into  the  groin  of  the  guinea- 
pig  produces  oedematous  swelling,  haemorrhage,  and  necrosis  at  the  seat 
of  inoculation,  and  the  animal  dies ;  but  if  the  culture  is  attenuated  the 
injection  produces  local  leucocytosis.  The  injection  of  the  bacillus  of 
grouse  disease  in  sufficient  doses  produces  in  the  guinea-pig  acute  and  fatal 
infection,  but  it  produces  no  local  leucocytosis,  whereas  if  a  small  dose  be  used, 
or  if  the  microbe  be  attenuated,  a  distinct  local  leucocytosis,  but  no  general 
acute  infection,  takes  place. 

On  the  other  hand,  in  tuberculosis  after  subcutaneous  inoculation  with 
the  tubercular  virus  into  the  guinea-pig  the  local  leucocytosis  is  the  first 
change  in  the  course  of  the  general  infection :  the  local  suppuration  of  the 
lymph-glands  at  the  seat  of  inoculation  being  the  first  step  in  the  whole  chain 
of  the  inflammation  (leucocytosis)  and  suppuration  of  the  lymphatic  glands, 
the  lungs,  and  abdominal  viscera. 

We  see  from  all  this  that  while  in  some  cases  the  introduction  of 
certain  specific  bacteria  into  an  insusceptible  animal  produces  a  local 
leucocytosis  and  phagocytosis,  in  other  cases  of  insusceptible  animals  it  does 
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not  produce  this,  and  further  that  in  some  cases  of  acute  and  chronic 
infections  distinct  phagocytosis  is  observed  in  animals  susceptible  to  the 
particular  microbe. 

Petruschky  showed  (*  Dissertation,'  Konigsberg,  1888)  that  even  in  the 
frog  infection  with  anthrax  can  be  produced  after  introducing  the  bacilli 
anthracis  into  the  dorsal  lymph-sac,  and  keeping  the  frog  at  a  higher 
temperature  (30°  to  35°  0.);  under  these  conditions  the  bacilli  are  not 
killed  by  the  lymph  in  the  lymph-sac  or  by  the  leucocytes,  and  can  multiply 
and  produce  infection,  which  they  could  not  do  at  the  ordinary  temperature 
at  which  the  lymph  of  the  frog  has  the  power  to  destroy  the  bacilli.  Von  Em- 
merich showed  that  if  broth  culture  of  the  bacillus  of  swine  erysipelas  be 
injected  in  considerable  quantities  subcutaneously  into  a  rabbit  which  had 
been  some  time  previously  rendered  refractory  against  infection  (by  injection 
of  culture  direct  into  the  blood-vessel),  such  subcutaneous  injection  produces 
no  further  infection;  innumerable  masses  of  bacilli  had  been  thus  injected 
under  the  skin,  and  after  twenty  minutes  or  so,  though  they  are  still  to  be 
found  at  the  place  of  inoculation,  they  are  all  dead,  no  sub-cultures  can  be 
established  with  them ;  and  there  is  a  total  absence  here  of  all  phagocytosis. 
The  bacilli  are  here  killed,  not  by  the  cells,  but  by  something  else  present  in 
the  tissue.  Interpreted  in  the  light  of  the  above  observations  we  are  quite 
justified  in  saying  that  it  is  the  tissue  juice  (lymph  or  plasma)  which  had 
produced  this  effect,  i.e.  had  killed  the  bacilli. 

Dr.  Coxwell  and  the  writer  have  found  that  while  the  normal  Eana  tem- 
poraria  possesses  insusceptibility  against  anthrax,  it  succumbs  to  anthrax 
(bacilli  are  found  in  the  blood  and  spleen)  if  the  frog  is,  either  at  the  time  of 
the  anthrax  infection,  or  shortlybefore  or  shortly  after,  subjected  to  chloroform- 
ether  narcosis.  The  lymph-cells  after  the  animal  recovers  from  the  narcosis, 
i.e.  after  a  few  minutes,  as  also  the  lymph-cells  taken  from  the  animal  while 
under  narcosis,  show  normal  amoeboid  movement ;  the  abolition  of  the  insus- 
ceptibility of  the  normal  frog  against  anthrax  by  chloroform-ether  narcosis 
cannot  therefore  depend  on  the  lymph-cells  themselves,  but  must  be  due  to 
some  chemical  change  induced  by  the  narcosis.  The  same  results  were 
obtained  in  rats.  White  rats  are  insusceptible  to  anthrax,  but  become  sus- 
ceptible when  chloroformed  ;  the  narcosis  with  chloroform-ether  lasting  about 
one  and  a  half  to  two  minutes  is  sufficient  to  render  them  susceptible  to  fatal 
anthrax.  The  narcosis  is  made  either  previously  to  or  immediately  after  in- 
fection with  anthrax  ;  the  injection  of  the  anthrax  bacilli  or  spores  a  few  hours 
after  narcosis  does  not  lead  to  fatal  infection.  In  the  positive  cases  death  from 
anthrax  takes  place  in  three  to  five  days,  and  the  blood  and  spleen  contain 
very  numerous  anthrax  bacilli. 

It  is  probable,  then,  that  whenever  bacteria,  introduced  into  the  blood  or 
tissues,  are  unable  to  multiply  there  and  to  produce  infection  (as  in  the  case 
of  saprophytic  bacteria,  or  in  the  case  of  insusceptibility  of  a  particular  animal 
against  a  particular  specific  microbe),  this  inhibition  is  brought  about  in  the 
first  place  by  the  living  and  normal  blood  plasma  or  the  lymph  present  in  all 
tissues  ;  that  this  inhibitory  power  is  exhaustible  according  to  the  number  of 
the  bacteria  ;  thus  while  in  some  particular  instances  (they  are  tolerably 
numerous,  as  will  be  shown  later)  infection  cannot  be  produced  by  small  doses, 
it  can  be  produced  by  large  doses  ;  further,  that  this  inhibitory  power  varies 
with  the  various  species  of  bacteria  and  with  the  different  animals. 

The  next  question  is  as  to  the  nature  of  these  germicidal  substances.  As 
mentioned  on  a  previous  page,  Buchner  has  given  good  reasons  for  regarding 
them  as  belonging  to  the  albuminous  bodies  of  the  lymph  and  plasma,  and  he 
calls  them  '  alexines  '  (dAe'^eii/,  protecting).     It  must,  however,  be  clear  that 
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whatever  the  nature  of  these  alexines,  they  cannot  be  the  same,  either  in  all 
animals  or  for  the  different  pathogenic  bacteria.  The  alexines  against  anthrax 
in  an  insusceptible  animal,  e.g.  rat,  frog,  cannot  be  the  same  as  the  alexines 
in  glanders  in  an  almost  insusceptible  animal,  as  the  tame  mouse.  Nor 
can  the  alexines  which  are  present  in  the  tissues,  and  which  act  germicidally 
on  saprophytic  bacteria,  be  the  same  as  the  alexines  protective  m  insuscep- 
tible animals  against  specific  bacteria.  Again,  the  alexines  protecting  a 
naturally  insusceptible  animal  against  a  specific  microbe  cannot  be  the  same 
as  the  substances  protecting  against  a  second  infection  a  susceptible  animal 
which  has  passed  through  one  mild  attack ;  that  is  to  say,  the  natural  im- 
munity of  an  individual  cannot  be  due  to  the  same  kind  of  protective  sub- 
stance as  the  acquired  immunity. 

In  order  to  understand  the  argument  it  is  necessary  to  mention  certain 
important  observations  first  made  by  Pfeffer  on  the  remarkable  power  pos- 
sessed by  different  chemical  substances  towards  bacteria  and  other  micro- 
organisms, substances  which  either  attract  or  repel  bacteria,  these 
phenomena  being  spoken  of  as  chemiotaxis  ;  the  former  as  positive,  the 
latter  as  negative  chemiotaxis.  Pfeffer  ('Unters.  a.d.  hot.  Inst.  Tiibingen,' 
1887,  p.  582)  found  thatmotile  organisms  (bacteria,  flagellata,  and  volvocinea) 
are  stimulated  by  many  organic  and  inorganic  substances  in  solution-positive 
chemiotaxis.  To  mention  only  a  few  of  the  substances  :  the  salts  of  potassium 
have  a  great  '  stimulating  '  power,  hkewise  peptone,  glycerine,  and  morphine. 
Alcohol,  free  acids,  and  free  alkalies  have  a  negative  chemiotactic  action 
i.e.  repel  the  microbes.  Ali  Cohen  ('  Centr.  f.  Bact.  und  Parasit.,'  VIII.  6) 
made  systematic  observation  on  this  same  subject  with  various  kinds  of 
bacteria. 

Gabritschevsky,  Massart,  and  Bordet  ('  Annales  de  i'lnstitut  Pasteur,' 
1891,  IV.  6),  and  others  tested  the  action  of  bacteria  on  leucocytes,  intro- 
ducing chemical  substances  in  capillary  glass  tubes  into  the  living  body 
of  animals,  and  then  examining  these  capillary  tubes  and  seeing  whether 
they  attracted  leucocytes  or  not ;  in  this  way  they  found  that  chemical  sub- 
stances either  attract  or  do  not  attract  leucocytes.  Thus,  for  instance, 
Massart  and  Bordet  found  the  lactic  acid  acting  powerfull}-  negative  chemio- 
tactic ;  Buchner  found  collagen,  alkali  albumen,  gluten,  and  casein  acting 
powerfully  positive  chemiotactic.  Now,  Buchner  argues,  and  it  seems  with 
justice  ('  Centralbl.  f.  Bact.  und  Parasit.,'  X.  22  and  23),  that  when  in  an  insus- 
ceptible animal  leucocytosis  does  occur  at  the  seat  of  inoculation,  thisleucocy- 
tosis  is  not  an  expression  of  the  commencing  battle  between  the  microbes  and 
the  leucocytes,  as  is  maintained  by  Metschnikoff  and  his  followers,  but  is  due 
to  a  positive  chemiotactic  action  on  the  part  of  the  bacteria  (dead  or  aHve),  by 
which  the  leucocytes  are  attracted.  Extensive  leucocytosis  (suppuration)  has 
been  shown  by  Koch  to  occur  after  iDJection  of  tuberculin  containing  the 
products  of  the  tubercle  bacilli  previously  killed  ;  suppuration  (miliary 
abscesses)  has  been  produced  by  Prudden  and  Hodenpil  in  the  rabbit  after 
injection  into  the  vascular  system  of  the  substance  of  the  tubercle  bacilli, 
previously  sterilised ;  also  the  insertion  of  sterilised  tubercle  culture  by  means  of 
capillary  glass  tubes  into  the  subcutaneous  tissue  of  the  rabbit  proves  positive 
chemiotactic  action  of  the  dead  bacilli  towards  leucocytes.  This  chemio- 
taxis is  brought  about  by  the  substance — protein — derived  from  the  bacteria 
themselves,  and  is  dependent  on  the  inimical  action  of  the  tissue  juices  on 
the  bacteria.  Where  the  tissue  juices  possess  this  action  the  bacteria  are 
thereby  weakened  or  destroyed,  and  only  under  this  condition  does  their 
substance — protein — become  available  to  attract  the  leucocytes  ;  in  such  cases 
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the  "weakened  and  also  the  killed  bacteria  are  easily  taken  up  by  the  leucocytes, 
and  these  then  help  to  remove  them.  Under  this  theory  the  local  phagocytosis 
observed  in  insusceptible  animals  is  therefore  dependent  on  the  preceding 
inimical  action  of  the  tissue  juices  on  the  bacteria.  But  in  the  case  of 
a  susceptible  animal,  that  is,  when  the  introduction  of  the  bacteria  pro- 
duces general  infection  and  no  local  leucocytosis  at  the  seat  of  inoculation, 
the  bacteria,  because  they  remain  vigorous,  and  because  they  withstand  the 
action  of  the  tissue  juices,  do  not  yield  the  chemiotactic  substance — protein 
— and  therefore  no  leucocytes  are  attracted  to  the  seat  of  the  inoculation. 

In  connection  with  the  phenomena  of  chemiotaxis  it  ought  to  be  borne  in 
mind  that  just  as  certain  bacteria  exert  an  attraction  on  the  leucocytes,  so 
also  is  it  imaginable  that  the  cells  and  tissues  exert  chemical  attraction  on 
certain  bacteria,  just  as  in  the  case  of  Pfeffer's  experiments.  This  at  any 
rate  offers  a  ready  explanation  of  the  conspicuous  attraction  that  one  or  the 
other  tissue  seems  to  exert  towards  certain  specific  microbes.  It  is  well 
known  that  in  the  acute  exanthemata,  the  skin  is  the  tissue  which  pre- 
eminently exerts  such  a  positive  chemiotaxis  on  the  specific  microbes.  In 
anthrax,  in  typhoid  fever,  in  malaria,  and  in  relapsing  fever,  the  spleen  has  a 
conspicuous  attractiveness  for  the  microbes  ;  in  tuberculosis  it  is  the  lymphatic 
tissues  and  the  spleen.  In  this  disease  the  lymph-cells  seem  to  be  the  particu- 
lar nidus  for  the  growth  and  multiplication  of  the  bacilli.  It  is  quite  possible 
that  the  presence  of  saprophytes  in  the  lymph-cells  of  the  superficial  parts 
of  the  tonsils,  pharynx,  and  Peyer's  glands  (Bizzozero,  Eibbert,  Buffer),  men- 
tioned on  a  former  page,  is  to  be  explained  in  this  way,  viz.  that  these  cells 
possess  a  chemiotactic  action,  being  a  more  favourable  nidus  than  the  tissue 
juice,  which  has  a  germicidal  action. 

We  have  from  the  foregoing  arrived  at  the  conclusion,  which  seems  on  the 
whole  the  most  feasible  one,  that  the  principal  and  essential  agent  in  pre- 
venting the  growth  and  multiplication  of  particular  specific  microbes  within 
the  insusceptible  animal  is  the  inimical  action  of  the  lymph  and  blood 
plasma,  the  alexines  ;  this  action  may  or  may  not  produce  phagocytosis. 
In  the  former  case  the  phagocytosis  may  help  to  remove  the  weakened  or 
dead  bacteria,  but  this  is  not  an  essential  or  necessary  factor  in  the  process 
of  the  weakening  and  destruction  of  the  microbes.  Where  the  blood  or  the 
tissue  juices  do  not  possess  this  power,  the  animal  is  susceptible. 

The  question  now  arising  is  this,  Is  the  acquired  immunity  due  to  the 
same  physiological  conditions  as  the  natural  immunity  ?  Take,  for  instance, 
the  case  above  quoted  of  Von  Emmerich's  experiments  :  a  rabbit  inoculated 
subcutaneously  with  a  small  quantity  of  culture  of  the  bacillus  of  swine  ery- 
sipelas becomes  affected  with  the  disease  and  generally  succumbs  to  it ;  here, 
then,  the  juices  of  the  connective  tissue  have  no  power  to  kill  or  to  inhibit  the 
growth  of  the  bacilli.  The  disease — swine  erysipelas — with  which  such  a 
rabbit  becomes  affected  after  subcutaneous  inoculation  is  a  blood  disease,  the 
vessels  in  all  the  organs  contain  the  bacilli,  and  every  drop  of  blood  is  capable 
of  producing  infection.  But  if  a  normal  rabbit  be  inoculated  with  the  bacilli 
directly  into  the  circulation,  although  disease  follows,  it  is  only  of  a  mild  type 
and  the  animal  recovers.  Such  an  animal  is  then  found  to  possess  immunity 
against  a  second  infection  with  these  bacilli ;  for,  as  Emmerich  shows,  injec- 
tion of  large  quantities  of  the  bacilli  into  the  subcutaneous  tissue  produces 
no  result,  and  the  bacilli  are  found  killed  at  the  place  of  inoculation  after 
twenty  mmutes.  Therefore,  by  the  first  attack,  something  must  have  happened 
to  the  blood  plasma  and  of  necessity  also  to  the  tissue  juices,  since  these  are 
derived  from  the  blood  plasma ;  the  most  feasible  view  seems  to  be  that  some- 
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thing  not  previously  present  in  the  plasma  has  been  added  to  it  by  the  activity 
of  the  bacilli  during  the  first  attack.  This  theory  would  then  be  in  harmony 
■with  the  '  antidote  theory '  of  Klebs,  by  which  is  meant  that  the  bacilli 
during  a  first  attack  add  a  product  of  their  own  to,  or  produce  a  specific 
chemical  change  in,  the  tissue  juices  and  blood  which  is  antagonistic  to  them- 
selves. And  as  long  as  this  obtains  in  the  blood  and  tissue  juices  the  animal 
retains  immunity  against  the  same  kind  of  bacilli.  This  view  would  be  also 
in  harmony  with  the  fact  that,  although  an  animal  has  acquired  by  a  first 
attack  of  one  disease  immunity  against  a  second  attack  of  this  disease,  it  has 
no  immunity  against  any  other  infectious  disease.  It  would  be  in  harmony 
with  this,  because  since  one  species  of  bacilli  produces  a  totally  different 
disease  from  another,  so  also  the  products  of  one  species,  or  the  chemical 
changes  induced,  must  be  of  a  different  character  from  those  of  another 
species  ;  and  if  therefore  a  certain  substance  is  added  to  the  blood  and 
tissues  by  one  species,  which  substance  is  an  antidote  to  the  development  of 
a  second  crop  of  the  same  bacilli — i.e.  a  second  infection — this  substance 
need  not  be  an  antidote  to  another  species. 

The  fact  that  in  a  particular  infectious  disease  not  leading  to  death  the 
multiplication  of  the  specific  microbes  ceases,  that  is  to  say,  the  disease  has 
reached  its  acme,  and  the  microbes  not  eliminated  from  the  body  are  destroyed, 
is  in  harmony  with  the  above  theory.  In  the  first  place,  when  the  multipli- 
cation of  the  microbes  has  reached  its  acme,  this  is  not  due  to  an  exhaustion 
(as  was  once  thought  in  analogy  to  what  takes  place  in  alcoholic  fermentation 
by  yeast,  i.e.  the  yeast  multiplies  in  a  particular  sugar-solution,  till  this  sugar 
is  exhausted  and  is  all  converted  into  alcohol),  for  the  simple  reason  that  the 
tissues  of  an  animal  in  the  above  case  are  far  fi'om  exhausted  as  regards  the 
particular  microbe.  There  is  nothing  easier  than  to  show  that  the  blood  and 
tissues  of  such  an  animal  which,  while  ahve,  have  served  for  the  multipHcation 
of  the  microbe,  when  used  as  artificial  media — i.e.  after  death — are  excellent 
soils  for  the  multiplication  of  the  particular  microbe.  On  the  other  hand,  we 
have  given  on  a  former  page  reasons  which  lead  us  to  assume  that  the 
arrest  in  the  process  of  multiplication  and  ultimate  death  of  the  microbe  in 
artificial  media  is  brought  about  by  chemical  substances  produced  by  the 
microbes  themselves,  that  is  to  say,  formed  by  the  microbes  in  the  culture 
medium,  and  when  this  substance  (or  substances)  has  reached  a  certain 
amount  the  further  progress  of  the  microbe  is  inhibited  and  in  many  cases 
the  microbes  themselves  are  gradually  killed  off.  And  it  is  this  same  cause 
which  we  assume  to  obtain  in  the  living  animal  body,  in  which  the  multi- 
pHcation of  the  specific  microbes  ultimately  reaches  its  end,  i.e.  the  disease 
reaches  its  crisis,  and  the  microbes  are  gradually  killed  off'  and  the  animal 
completely  recovers.  In  accordance  with  this,  as  long  as  this  antidote 
remains  in  the  body,  the  animal  is  insusceptible  to  a  new  infection  ;  but  when 
this  antidote  in  the  course  of  time  is  eHminated,  used  up,  and  altered,  the 
immunity  wears  off,  and  the  animal  is  again  susceptible  to  a  new  attack. 

A  further  support  to  this  theory  is  given  by  the  recent  researches  on  the 
behaviour  of  the  animal  body  to  the  chemical  products  of  specific  microbes. 
Various  observations  have  been  recorded,  by  which  in  several  infectious 
diseases  the  injection  into  an  animal  of  certain  chemical  substances,  the  toxins, 
produced  by  definite  specific  microbes  in  artificial  cultures,  gives  to  such  an 
animal  immunity  against  a  ^urulent  attack.  Wooldridge,  Sirotinin,  Beumer 
and  Peiper,  Salmon,  Eoux  and  Chaniberland,  Lowenthal,  Eoux  and  Yersia, 
and  others  have  proved  this.  Wooldridge  has  shown  that  in  a  particular  form 
of  guinea-pig's  septicaemia  the  injection  of  the  culture  fluid,  from  which  the 
bacilli  have  first  been  killed  off'  by  heat,  gives  complete  protection  against 
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an  infection  with  the  virulent  bacilli.  Wooldridge  has  further  shown  that  if 
a  particular  albuminous  fluid  in  which  the  bacillus  anthracis  has  been  grow- 
ing, and  after  the  removal  of  the  bacilH,  be  injected  into  the  rabbit  in 
sufficient  quantity,  a  complete  protection  is  produced  against  virulent  anthrax. 
Sirotinin,  Beumer  and  Peiper  have  shown  that  when  Gaffky's  (or  the  typhoid) 
bacillus  is  grown  for  some  days  in  broth,  and  this  broth,  after  the  removal  of 
the  bacilh,  is  injected  into  mice,  no  further  infection  of  such  animals  with  the 
living  bacilli,  even  in  large  doses,  can  be  produced.  (It  ought  to  be  mentioned 
that  these  bacilli  injected  in  a  sufficient  dose  into  mice  produce  a  fatal  septi- 
caemia.) Salmon  has  shown  the  same  to  hold  good  for  swine  fever  ;  Eoux 
and  Claamberland,  Lowenthal,  and  others  have  shown  it  for  some  forms  of 
septicaemia  ;  Eoux  and  Yersin  for  the  disease  produced  in  guinea-pigs  by  the 
bacillus  of  diphtheria.  In  all  these  cases  it  is  necessary  to  inject  a  sufficient 
quantity  of  the  culture  fluid  free  of  the  bacteria,  or  smaller  quantities  re- 
peatedly, in  order  to  produce  protection  against  a  second  infection.  The 
protective  inoculation  of  Pasteur  against  rabies  is  based  on  the  same  principle. 
Again,  if  the  quantity  of  the  chemical  products,  the  toxins,  be  too  large,  death 
may  be  produced  in  the  same  way  as  the  bacilli  growing  in  the  body  pro- 
duce death  by  too  much  of  their  products  ;  if  the  quantity  be  too  small, 
not  sufficient  of  the  toxins  has  been  added  to  the  tissues  to  be  protective, 
but  if  the  quantity  is  of  sufficient  amount  protection  is  produced.  It  seems, 
then,  that  the  theory  of  acquired  immunity  as  above  stated  is  in  complete 
harmony  with  these  various  facts,  viz.  that  the  microbes  produce  by  their 
growth  and  multiplication  in  the  tissues  certain  toxins,  which,  while  present 
in  the  blood  and  tissues,  furnish  these  with  the  power  to  inhibit  and  kill  the 
same  species  of  microbes  on  being  reintroduced  a  second  time — a  power  not 
previously  possessed  by  the  blood  and  tissues  ;  further,  that  as  long  as  these 
antitoxic  substances  remain  in  the  tissues,  the  body  remains  insusceptible. 

The  observations  of  Ogata  and  Jasuhara  ('  Mitth.  aus  d.  hyg.  Inst.  Tokio ') 
and  of  Hankin  ('  Centr.  f.  Bact.  und  Parasit.'  IX.)  show  that  on  injecting  into 
an  animal  (mouse)  susceptible  to  anthrax  a  sufficient  quantity  of  the  blood 
(Ogata)  or  of  spleen  substance  (Hankin)  of  an  insusceptible  animal,  the 
previously  susceptible  animal  becomes  protected,  or  if  already  infected  the 
disease  becomes  arrested.  In  these  experiments  the  protective  alexines 
present  in  the  naturally  insusceptible  animal  are  added  to  the  blood  and 
tissues  of  the  otherwise  susceptible  animal,  and  so  the  blood  of  this  latter  is 
rendered  unsuitable  for  the  growth  of  the  anthrax  bacilli.  This  kind  of 
acquired  immunity  can  hardly  be  the  same  as  the  immunity  produced  by  a 
first  attack,  or  by  the  injection  of  the  products  of  the  specific  bacteria  formed 
in  the  blood  or  in  the  artificial  cultures.  Besides  the  experiments  above 
quoted  of  Wooldridge,  Eoux  and  Yersin,  and  others,  the  experiments  also  of 
Behring  and  Kitisato  on  tetanus  ('Deutsche  med.  Woch.'  1890,  No.  49), 
prove  this.  In  these  experiments  the  blood  of  a  rabbit  previously  made 
refractory  against  fatal  tetanus  is  injected  into  a  mouse,  which  is  notoriously 
susceptible  to  tetanus  ;  by  this  injection  the  latter  animal  becomes  re- 
fractory to  tetanus.  Tizzoni  and  Cattani  prepare  certain  albumens  from 
the  blood  of  a  dog,  previously  made  refractory  against  fatal  tetanus  ;  these 
substances  are  injected  into  an  animal  susceptible  to  or  already  infected- with 
tetanus ;  by  this  injection  the  latter  animal  is  rendered  refractory  to  tetanus, 
or  the  development  of  fatal  tetanus  is  prevented.  Moreover,  by  such  injection 
they  have  actually  cured  tetanus  in  the  human  subject  ('  Centralbl.  f.  Bact. 
und  Parasit.,'  X.  24).  In  these  experiments,  then,  the  antagonistic  and  in- 
hibitory action  against  the  specific  bacteria  is  produced  by  adding  to  the 
blood  and  tissues  of  the  susceptible  animal  certain  substances  which  are  not 
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the  same  as  the  alexines  present  in  the  naturally  insusceptible  tissues,  but 
include  the  products  of  the  specific  bacteria  themselves. 

In  acquired  immunity  a  distinction  must  therefore  be  drawn  between  a 
refractory  state  produced  by  adding  to  the  blood  and  tissues  of  a  susceptible 
animal  the  natural  alexines  of  an  insusceptible  animal,  or  certain  germicidal 
or  germ-inhibiting  drugs  (e.g.  trichloride  of  iodine  in  diphtheria  used  by 
Behring),  on  the  one  hand,  and  a  refractory  state  caused  by  the  addition  of 
the  chemical  products  of  the  bacteria  themselves  to  the  blood  of  the  suscep- 
tible animal  on  the  other  hand. 


CHAPTER   VII 

ANTAGONISM  AMONGST  BACTEBIA 

That  the  chemical  products  of  some  species  of  microbes,  while  acting 
inimically  on  the  further  multiplication  of  this  species,  are  not  inimical  to 
that  of  another  species  has  been  proved  by  various  observations,  but  it  has 
also  been  proved  that  an  inimical  action  is  undoubtedly  exerted  by  the  growth 
of  particular  species  on  that  of  others.  It  is  well  known  that  a  number  of 
species  of  bacteria  can  exist  and  thrive  under  conditions  under  which  other 
bacteria  cannot  so  exist ;  take,  for  instance,  the  water  bacteria,  i.e.  the  bacteria 
inhabiting  common  drinking  water  ;  these  are  capable  of  Hving  and  of  multi- 
plying on  the  very  small  amount  of  nutritive  material  present  in  ordinary 
drinking  water,  nay,  micrococcus  aquatilis  and  bacillus  erythrosporus  (Fliigge) 
and  others,  as  mentioned  above,  multiply  even  in  distilled  water  (Meade 
Bolton,  Niessen,  Percy  Frankland) ;  whereas  numerous  species  of  bacteria 
not  habitually  in  water  cannot  do  so  under  the  same  conditions  ;  therefore 
the  water  bacteria  will  persist  and  even  multiply,  whereas  others  added 
to  the  water,  or  accidentally  finding  entrance  into  the  water,  will  perish, 
some  sooner,  some  later.  Numerous  observations  have  been  put  on  record  by 
Meade  Bolton,  Wolffhiigel  and  Eiedel  to  shew  in  what  way  and  to  what 
extent  various  bacteria — the  bacillus  anthracis,  cholera  spirilla,  the  typhoid 
bacillus,  micrococcus  tetragonus,  and  staphylococcus  aureus  gradually  die  off 
when  kept  in  ordinary  drinking  water,  i.e.  water  very  poor  in  nutritive  mate- 
rials. (The  results  of  Meade  Bolton  are  published  in  the  '  Zeitschrift  fiir 
Hygiene,'  I.  1,  p.  76;  those  of  Wolfi'hligel  and  Eiedel  in  the  'Mittheil.  aus 
dem  k.  Gesundheitsamte,'  Berlin,  I.  p.  455.) 

It  need  hardly  be  said  that  if  nutritive  material  be  added  to  water,  these 
bacteria  will  have  a  better  chance  of  survival  and  of  multiplication,  and  this 
chance  will  be  proportionate  to  tbe  amount  of  nutritive  material  added. 
Similarly  De  Giaxa  ('  Zeitschrift  f.  Hygiene,'  VI.  2,  p.  162)  made  observations 
with  reference  to  the  conditions  of  existence  of  various  bacteria  in  sea  water, 
and  his  results  are  parallel  to  those  made  on  ordinary  drinking  water.  It 
need  not  be  specially  insisted  on  that  neither  ordinary  nor  sea  water  in  them- 
selves have  any  killing  power  on  bacteria,  but  that  where  such  an  inhibitory 
power  is  observed  it  is  due  to  the  want  of  sufficient  nutritive  material,  and  that 
the  greater  the  dependence  of  bacteria  on  organic  material,  and  the  poorer  the 
water  in  such  material,  the  more  unfavourable  is  such  water  for  the  existence 
and  multiplication  of  those  bacterial  species. 

Next  we  have  to  consider  the  relations  between  two  or  more  species 
simultaneously  present  in  the  same  medium  with  sufficient  nutritive  material. 
Here  more  rapid  multipHcation  will  naturally  depend,  cceteris  paribus,  on 
the  greater  assimilative  power  ;  the  greater  this  is,  the  more  predominating 
will  the  species  become.     Thus,  for  instance,  if  in  any  organic  material,  say 
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dead  animal  tissues,  saprophytic  bacteria  are  present  together  with  bacillus 
anthracis,  this  latter  has  not  much  chance  of  growing  and  multiplying  ;  and 
hence  in  any  part  of  an  animal  dead  of  anthrax,  at  first  full  of  the  bacillus 
anthracis,  as  soon  as  putrefaction  has  actively  set  in,  the  anthrax  bacilli  will 
be  gradually  killed  off  by  the  saprophytes,  so  that  such  material  becomes 
deprived  of  the  power  of  producing  anthrax  infection.  The  same  obtains  with 
other  highly  specialised,  bacteria,  e.g.  the  streptococci,  the  typhoid  fever 
bacillus,  and  others.  While  this  process  of  killing  off  of  the  more  specialised 
and  less  assimilative  bacteria  by  the  more  rapidly  growing  and  more  as- 
similative bacteria  is  essentially  a  survival  of  the  fittest  in  the  struggle  for 
existence,  there  is  another  factor  to  be  considered  that  not  immaterially 
helps  to  bring  about  that  result :  it  is  the  inimical  influence  the  chemical 
products  of  the  saprophytic  bacteria  have  on  the  more  sensitive  and  more 
highly  specialised  pathogenic  bacteria.  If,  for  instance,  a  filtered  solution  is 
made  of  a  putrid  albuminous  substance,  the  putrefactive  bacteria  being  all 
removed,  and  of  this  solution  a  considerable  amount  is  added  to  an  other- 
wise favourable  nutritive  material,  e.g.  alkaline  broth,  it  will  be  found  that 
this  mixture  is  unfavourable  for  the  growth  of  some  species,  in  some  cases 
more  than  in  others.  To  the  same  class  of  mimical  influences  belongs  the 
influence  of  ftecal  matter  on  various  species  of  bacteria,  e.g.  anthrax  bacilli, 
cholera  spirilla,  and  the  typhoid  fever  bacillus  investigated  by  Kitisato.  His 
results  on  the  death  of  cholera  spirilla  in  faecal  matter  are  instructive. 
They  are  published  in  the  *  Zeitschrift  f.  Hygiene,'  V.  p.  487. 

Of  a  similar  character  are  the  observations  recorded  by  Garre  ('  Correspond. 
f.  schweizer,  Aerzte,'  XVH.  1887),  who  showed  that  nutritive  gelatine  which 
has  already  served  for  the  growth  of  bacillus  fluorescens  putidus — a  common 
saprophyte  in  water  and  putrid  fluids — is  no  longer  capable  of  serving  the 
growth  of  some  bacteria :  e.g.  the  bacillus  of  Friedlander,  typhoid  bacillus, 
pink  torula,  staphylococcus  pyogenes  aureus ;  while  others  are  capable  of 
growing  in  such  gelatine,  though  slightly  retarded :  e.g.  cholera  spirillum ; 
and  still  others  grew  normally  :  e.g.  Finkler's  spirilla,  bacillus  anthracis. 
Towards  the  former,  therefore,  the  bacillus  putidus  has  a  decided  antagonistio 
action,  while  with  the  latter  it  is  symbiotic.  But  this  antagonism,  when 
existing,  is  not  necessarily  mutual,  for  while  the  typhoid  bacillus  renders 
the  gelatine  also  unfit  for  the  growth  of  the  bacillus  fluorescens  putidus — 
these  two  species  being  mutually  antagonistic — it  is  not  so  with  the  bacillus 
of  Friedlander  or  the  staphylococcus  aureus.  Diphtheria  bacilli  can  grow 
well  in  broth  previously  exhausted  by  proteus  vulgaris. 

To  the  same  category  belong  the  observations  of  Soyka  and  Bandler,  who 
studied  the  manner  in  which  certain  bacteria  are  capable  of  growing  in  media 
previously  exhausted  by  other  bacteria  ('  Fortsehritte  der  Med.'  1888,  p.  76). 

Cash  has  made  similar  observations  with  bacillus  anthracis  and  certain 
micrococci  when  growing  simultaneously.  He  found  that  the  growth  of  the 
bacillus  anthracis  does  go  on  to  a  certain  extent,  but  that  the  virulence  of  it 
is  impaired  by  the  growth  of  the  micrococci.  This  subject  deserves  a  more 
exhaustive  study  than  it  has  hitherto  received.  It  is  mainly  of  importance  to 
ascertain  whether  and  to  what  extent  an  inimical  influence  is  exerted  by  one 
species  on  the  other  capable  of  growing  simultaneously  in  the  same  medium. 
There  is  good  reason  for  supposing  that  hereby,  in  some  cases  at  any  rate, 
one  species  is  capable  of  attenuating  the  virulence  of  another.  Thus  in  the 
cultures  which  Pasteur  used  as  attenuated  cultures  for  producing  protective 
inoculation  in  fowl  cholera,  it  was  not,  as  Pasteur  believed,  the  prolonged  ex- 
posure to  air  that  produced  the  attenuation  of  his  cultures,  but  the  impurity 
of  his  cultures  (Kitt),  and  likewise  the  attenuated  condition  of  the  culture 
fluids  that  Pasteur  used  for  protective  inoculations  against  swine  erysipelas, 
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were  probably  caused  by  the  impurity  of  the  culture  fluid  (Schiitz) ;  there 
being  present  in  Pasteur's  fluid,  besides  the  true  bacillus  of  swine  erysipelas, 
a  contaminating  micrococcus. 

Watson  Cheyne,  Von  Emmerich  ('Archiv  f.  Hygiene,' VI.  1887),  and  others 
showed  that  the  streptococcus  erysipelatos  possesses  a  similar  attenuating 
influence  on  the  bacillus  anthracis,  for  by  inoculating  simultaneously  pure 
cultures  of  the  two  microbes  into  rabbits  they  were  able  to  show  that  the 
bacillus  anthracis  was  unable  to  produce  fatal  anthrax,  though  when 
separately  inoculated  it  exerted  its  full  virulence.  It  depends,  however,  to 
a  considerable  degree  how  much  of  the  one  and  how  much  of  the  other 
microbe  is  injected  in  order  to  produce  this  inhibitory  effect,  for  if  too  little 
of  the  streptococcus  be  injected  the  bacillus  anthracis  will  exert  its  full 
virulence,  or  vice  versa.  This  whole  subject  is  obviously  a  very  important 
one  from  a  practical  point  of  view — from  the  point  of  view  of  finding  antidotes 
against  the  action  of  pathogenic  bacteria — and  it  deserves  greater  attention 
than  it  has  hitherto  received. 

The  writer  has  himself  made  some  experiments  with  regard  to  injecting 
simultaneously  two  species.  In  one  series  the  bacillus  of  fowl  enteritis 
was  grown  in  broth  with  the  swine  fever  bacillus  ;  in  the  other,  the 
bacillus  of  swine  erysipelas  with  that  of  swine  fever,  but  neither  in  the  amount 
of  multiplication  nor  in  the  virulence  of  the  swine  fever  bacillus  could  any 
change  be  noticed.  He  has,  however,  succeeded  in  neutralising  the  fatal  effect 
on  mice  of  the  grouse  bacillus,  if  at  the  same  time  the  aerobic  malignant 
cedema  bacillus  {see  later)  be  injected. 

Bouchard,  Charrin,  Woodhead  and  C.  Wood  have  shown  that  there  exists 
a  strong  antagonism  between  the  bacillus  pyocyaneus  or  its  products  and  the 
bacillus  anthracis  ;  so  much  so  that  upon  the  injection  of  the  former,  simul- 
taneously with  or  immediately  after  the  latter,  into  an  animal  susceptible  to 
anthrax,  this  latter  disease  does  not  take  place  at  all,  whereas  a  control 
animal  not  treated  with  the  pyocyaneus  succumbs  to  anthrax. 

It  is  well  known  that  certain  mfectious  diseases,  of  which  infection  oc- 
curred simultaneously  in  the  same  body,  do  not  take  place  simultaneously, 
but  that  the  one  probably  has  to  wait,  as  it  were,  till  the  other  has  gone  through 
its  course.  In  other  cases  one  disease  has  clearly  an  inimical  influence  on 
another.  Take,  for  instance,  the  observations  repeatedly  made  by  surgeons 
that  erysipelas  has  a  curative  influence  on  certain  tumours  ;  Fehleisen  had 
by  direct  experiment  with  pure  cultures  of  streptococcus  erysipelatos  proved 
that  certain  sarcomata  can  be  made  to  disappear  and  a  cure  effected  by  pro- 
ducing erysipelas  in  the  skin  of  the  part. 

But  there  is  a  converse  side  to  this,  namely  the  question  whether,  and  if 
so,  to  what  extent,  one  condition,  one  species  of  bacteria  or  its  products, 
enhances  the  power  of  multiplication  and  the  action  of  another.  Monti  ('  Ac. 
d.  Line.,'  October  6,  1889)  pointed  out  that  the  culture  of  the  diplococcus 
pneumonias — which,  as  is  well  known,  gradually  (by  age  and  by  continued 
subcultures)  loses  its  virulent  action  on  animals — regains  the  virulence  if 
injected  simultaneously  with  broth  culture  of  the  common  saprophyte  proteus 
vulgaris,  from  which  the  bacilli  themselves  are  previously  removed  or  killed 
by  heat.  This  increased  virulence  of  the  pneumococcus  may  be  achieved  either 
by  injecting  this  and  the  proteus  culture  at  the  same  place,  or  at  distant 
places  simultaneously  or  soon  after  one  another.  The  writer  has  similarly 
found  that  cultures  of  streptococcus  of  erysipelas,  which  had  lost  their 
action  on  rabbits,  regained  virulence  if  injected  mixed,  i.e.  simultaneously, 
with  broth  culture  (four  days  old)  of  the  proteus  vulgaris ;  and  it  made 
no  difference  whether  the  latter  culture  was  or  was  not  previously  sterihsed. 
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Charrin  and  Eoger  ('  La  Semaine  Med.,'  1890,  No.  4)  show  that  while  nor- 
mal rats  are,  as  is  known,  very  little  susceptible  to  anthrax,  they  become 
highly  susceptible  if  by  working  at  a  treadmill  they  are  made  fatigued,  and 
H.  Leo  ('  Zeitschrift  f.  Hygiene,'  VII.  3)  finds  that  by  the  presence  of  much 
sugar  in  the  blood  and  tissues  the  susceptibility  to  anthrax  and  tubercle  is 
not  increased,  while  for  glanders  it  becomes  greatly  enhanced.  Phloridzin 
is  administered  in  small  doses  with  the  food,  sugar  thereby  becoming  present 
in  the  tissues.  Eats  thus  prepared  resist  anthrax  as  much  as  unprepared 
rats,  guinea-pigs  first  prepared  with  phloridzin  and  then  inoculated  with 
tubercle  do  not  show  more  intensive  or  more  rapid  tuberculosis.  While 
normal  white  mice  are  almost  insusceptible  to  glanders,  they  become  highly 
susceptible  to  such  infection,  if  prepared  with  phloridzin.  Mya  and  Sanarelli 
give  an  account  ('  Fortschr.  d.  Med.,'  IX.  No.  22)  of  a  large  number  of  experi- 
ments, in  which  by  introducing  acetylphenylhydrazin  into  an  animal  insus- 
ceptible to  a  particular  disease  this  animal  becomes  thereby  susceptible. 
This  substance  is  known  to  produce  destruction  of  the  red  blood  corpuscles 
(Gottstein)  and  haemoglobinsemia  ;  pigeons  and  rats  thus  prepared  proved 
susceptible  to  anthrax. 


CHAPTEE    VIII 

BACTEBIOSCOPIG   METHOD   OF  EXAMINING   WATEB,  AIB,  DUST,  FOOD 

An  important  branch  of  bacteriological  research  of  water,  air,  &c.,  has  been 
opened  by  Koch's  gelatine  method  of  plate  cultivation  as  illustrated  by  the 
researches  of  Koch,  Angus  Smith,  Hesse,  Wolffhiigel,  Heyroth,  Hochstetter, 
P.  Frankland,  Carnelly,  Fraenkel,  Kraus,  Karlinsky,  and  others  in  accurately 
determining  the  number  and,  what  is  of  far  greater  importance,  the  nature 
of  the  microbes  present  in  water,  soil,  air,  sewage,  and  various  other  materials, 
such  as  milk  and  a  variety  of  other  foodstuffs. 

In  all  these  researches  a  definite  quantity  (measured  or  weighed  as  the 
case  may  require)  is  added  under  proper  precautions  to  nutrient  gelatine 
(about  5  or  6  c.c.  in  a  test  tube) ;  this  is  then  liquefied  in  warm  water, 
well  shaken  up  and  poured  on  to  a  plate.  The  character  of  the  colonies  and 
their  number  is  then  studied  and  easily  ascertained,  subcultures  of  the  isolated 
colonies  are  made,  and  these  further  investigated.  If  the  number  of  microbes 
suspected  to  be  present  in  the  materials  be  great,  of  course  only  small 
quantities  must  be  used  for  the  plate  cultivations,  or  better  still  a  small  quan- 
tity should  be  previously  diluted  with  a  large  quantity  of  sterile  water  or  salt 
solution,  and  then  of  this  a  measured  small  quantity  is  used  for  each  gelatine 
plate.  The  counting  of  the  colonies  in  the  plate  cultivation  is  carried  out  by 
means  of  ruled  plates.  The  writer  uses  for  plate  cultivations  circular  shallow 
glass  capsules  of  the  same  diameter  ;  this  diameter  being  known  permits  of 
ascertaining  the  area  of  the  plate  either  in  square  inches  or  centimetres.  For 
counting  the  colonies,  if  the  niimber  of  them  be  too  large,  and  in  order  not 
to  altogether  lose  the  experiment,  the  plate  is  placed  on  a  slate  ruled  in  square 
half- inches  or  centimetres,  and  then  the  colonies,  ten  or  twelve,  are  counted 
in  squares,  the  average  is  taken  and  multiphed  by  the  area  of  the  plate. 
An  example  will  illustrate  this :  the  number  of  colonies  in  the  plate  being 
too  great  to  be  directly  counted,  the  plate  dish  is  placed  on  a  slate  ruled 
in  square  half  inches  ;  the  average  number  of  colonies  in  one  square  half  inch 
(as  a  result  of  counting  them  in  ten  squares)  is  twenty- two,  the  plate  dishes 
have  each  an  area  of  thirty-two  square  half  inches,  therefore  the  number  of 
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colonies  present  in  tlie  above  plate  is  approximately  704.  Now,  for  one  of 
those  plates  in  the  experiment  in  question  0*5  c.c.  of  tap-water  was  used, 
consequently  this  particular  tap-water  contains  1,408  microbes  per  c.c. 

Another  mode  of  determining  with  exactness  the  number  of  colonies  pre- 
sent, if  moderately  great,  in  a  plate  dish,  is  to  invert  the  plate  dish  and  then 
with  a  pen  to  draw  lines  on  the  glass  dish  so  as  to  subdivide  the  area  into 
four,  eight,  sixteen,  or  thirty-two  as  the  case  may  require,  and  then  to 
count  seriatim  the  colonies  in  these  areas.  If  the  number  of  colonies  present 
in  a  plate  be  limited,  say  20  to  50,  of  course  there  is  no  difficulty  in  directly 
counting  them. 

It  is  advisable  to  at  once  prepare  more  than  one  plate,  in  order  to  obtain 
a  more  accurate  result  as  to  the  number  of  colonies. 

1.  Water. — By  means  of  a  sterilised  graduated  pipette  a  small  quantity 
— 0"1  to  0*5  CO. — of  the  water  is  added  to  a  gelatine  or  agar  tube  for  each 
plate  dish.  If  the  water  is  notoriously  very  rich  in  microbes,  the  quantity 
added  must  be  of  course  much  smaller,  only  y^  to  -^-^  c.c.  The  writer 
uses  for  this  and  other  similar  determinations  a  set  of  graduated  capillary 
pipettes  of  exactly  the  same  kind  as  are  used  in  the  Hsemocytometer,^ 
10  c.mm.  20,  50,  100,  250,  500  c.mm,  and  1  c.c.  A  short  india-rubber  tube, 
with  a  mouthpiece  into  which  a  small  plug  of  sterile  cotton-wool  is  pushed, 
can  be  easily  fixed  at  the  upper  end  of  the  pipette  and  this  is  then  ready  for 
use.  The  pipette  before  being  actually  used  for  measuring  is  filled  by 
drawing  up  into  it  solution  of  bichloride  of  mercury  (1  in  1,000)  once  or 
twice,  then  washed  out  well  in  the  same  way  with  sterile  (boiled)  distilled 
water,  and  next  with  the  fluid  to  be  tested.  A  measured  quantity  of  the  fluid 
is  then  drawn  up  (10  c.mm,,  20,  50,  100  c.mm.  or  1  c.c.  as  the  case  may 
require)  and  blown  out  into  a  gelatine  or  agar  tube ;  this  is  then  used  in 
the  ordinary  way  for  a  plate  dish. 

In  the  case  of  the  ordinary  London  drinking  water — tap-water — 0*5  or 
even  0*25  c.c.  yields  sometimes  too  many  colonies  to  be  easily  counted.  When 
making  a  first  examination  of  water  of  unknown  character  it  is  advisable  to 
make  several  plate  cultivations,  one  with  20  c.mm.,  one  with  100  c.mm.,  and 
one  with  250  c.mm. ;  thereby  the  amount  is  determined  necessary  to  use 
for  a  plate  for  convenient  counting. 

In  the  case  of  ordinary  London  sewage  even  10  c.mm.  yield  far  too 
many  colonies  to  be  counted  easily  ;  add  therefore  0-5  c.c.  of  the  sewage  to 
99  c.c.  of  sterile  water,  and  of  this  take  5  c.mm.  for  one  plate. 

The  number  of  the  bacteria  present  in  London  drinking  water  of  various 
sources  and  under  various  conditions  has  been  investigated  by  Dr.  Percy 
Frankland ;  especially  their  morphological,  biological,  and  chemical  characters 
have  been  the  subject  of  special  study  by  this  observer,  and  we  must  refer  the 
reader  to  his  papers  in  the  '  Proceedings  of  the  Eoyal  Society,'  and  in  the 
'  Phil.  Transactions,'  where  they  are  fully  described.  As  to  the  difference  of 
water  when  fresh  and  stored,  see  Bischoff,  Percy  Frankland,  and  others. 

2.  Soil. —  The  method  which  the  writer  uses  to  isolate,  to  count,  and  to 
determine  the  character  of  the  bacteria  present  in  soil,  dust,  &c.,  is  this  : 
One  gramme  of  the  material  is  added  to  1,000  c.c.  of  (boiled)  sterile  distilled 
water,  while  still  warm  ;  it  is  then  shaken  up  repeatedly  for  from  fifteen  to 
twenty  minutes  ;  the  mineral  matter  is  allowed  to  subside  and  plate  cultiva- 
tions are  made  of  the  fluid  as  above.  Ten  c.mm.,  20  c.mm.,  100  c.mm.  are 
added  each  to  one  gelatine  or  agar  tube,  to  be  used  for  one  plate  each. 

1  Mr.  T.  Hawksley,  of  Oxford  Street,  made  for  us  a  very  useful  case  containing  these 
graduated  capillary  pipettes,  with  india-rubber  tubes  and  mouthpiece. 
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The  number  and  character  of  the  organisms  in  soil  and  dust  (taken  from 
the  plugging  or  deafening  material  of  the  floors  of  dwelling-rooms,  &c.)  has 
been  investigated  by  Emmerich,  Percy  Frankland,  CarneUy  and  Miss  Johnston 
and  others.  The  character  of  the  microbes  has  been  studied  by  Dr.  and  Mrs. 
P.  Frankland  (On  Nitrifying  Organisms,  see  a  later  page).  Hsereus  describes 
four  different  species  in  the  soil,  of  which  he  maintains  that  they  are  nitrify- 
ing microbes. 

3.  Air. — Miquel,  Hesse,  P.  Frankland,  CarneUy,  Eobertson  and  others 
have  investigated  the  number  of  microbes  present  in  various  samples  of  air, 
under  various  conditions  (town  air,  country  air,  mountain  air,  air  of  schools, 
dwelling-rooms,  hospitals,  &c.).  The  method  is  always  ia  principle  this  :  by 
means  of  an  ordinary  gas  clock  or  gasometer  a  measured  quantity  of  air  is 
drawn  at  moderate  rate  by  means  of  an  aspirator — fall  of  water  or  mercury — 
through  a  cyhndrical  tube  (Hesse),  or  through  a  flask  (Frankland,  CarneUy) 
containing  a  thin  layer  of  solidified  nutrient  gelatine.  Hesse's  tubes  are 
cylindrical,  in  which  nutrient  gelatine  while  still  liquid  has,  by  slightly  rolling 
the  tubes,  set  at  one  side  in  a  thin  film  ;  they  are  plugged  at  each  end  with 
a  sterile  india-rubber  stopper  containing  a  sterile  glass  tube  ;  to  each  is  fixed 
a  sterile  tube,  one  is  connected  during  the  experiment  with  the  gas  clock, 
the  other  with  the  aspirator ;  the  time  during,  or  the  rapidity  with  which 
the  air  is  drawn  through  and  the  amount  of  air  so  drawn  through  are  accu- 
rately noticed  ;  after  the  experiment  the  glass  tubes  are  plugged  with  cotton 
wool  so  as  to  serve  as  a  filter  against  the  entrance  of  further  microbes.  In 
Dr.  P.  Frankland's  experiments,  the  air  is  passed  through  a  sterile  plug 
(asbestos  or  glass  wool)  contained  m  a  tube  or  flask,  and  this  having  retained 
all  microbes  is  then  thrown  into  the  gelatine  ;  this  is  liquefied  and  well  shaken 
so  as  to  wash  out  of  the  plug  all  microbes  and  to  uniformly  distribute  them  in 
the  gelatine.  The  gelatine  is  then  used  for  making  plate  cultivations  in  the 
ordinary  plates,  or  is  set  as  a  thin  film  on  the  inside  of  the  flask.  The  writer 
uses  a  glass  tube  four  to  six  inches  long,  half  an  inch  wide,  contaming  in  the 
middle  a  cotton  wool  or  glass  wool  plug  about  one  and  a  half  to  two  inches 
long  ;  at  each  end  the  tube  is  plugged  with  a  smaU  cotton-wool  plug.  One 
end  is  drawn  out  in  the  shape  of  a  large  canula ;  the  whole  is  sterilised. 
When  used  the  plugs  of  the  ends  are  removed,  the  canula  end  is  joined 
to  an  aspirator  and  air  is  drawn  through ;  at  the  end  of  the  experiment  the 
ends  are  again  plugged.  In  order  to  use  it  afterwards  for  plate  cultivations, 
the  plugs  of  the  ends  are  removed,  the  central  plug  is  then  pushed  out  by 
means  of  a  thin  glass  rod,  placed  in  liquefied  nutrient  gelatine  or  agar,  well 
shaken,  and  then  plate  cultivations  are  made. 

In  Carnelly's  experiments  the  nutrient  gelatine  is  aUowed  to  set  at  the 
bottom  of  a  large  sterile  flask,  the  mouth  of  which  is  closed  by  a  sterile  india- 
rubber  stopper,  through  which  two  glass  tubes  are  passed — one  long  one 
through  which  the  air  passes  from  the  gas  meter,  the  other  a  short  one 
connected  with  the  aspirator :  as  the  air  passes  into  and  out  of  the  flask  the 
microbes  are  deposited  on  the  surface  of  the  set  gelatine. 

4.  Milk  is  treated  in  the  same  way  as  water ;  so  also  various  table  waters, 
seltzer  water,  soda  water,  &c. 

6.  Faeces  and  various  substances  more  or  less  solid  are  treated  in  the  same 
way  as  was  mentioned  of  dust  and  soil. 

6.  Ice  of  different  sources  has  been  examined  ;  a  lump  of  ice  is  washed 
on  the  surface  with  sterile  water,  then  from  the  middle  a  piece  is  chipped 
out  and  placed  in  a  sterile  test  tube ;  immediately  upon  being  melted  a 
definite  quantity  of  the  ice  water  is  taken  for  plate  cultivations  in  the  same 
way  as  for  water  analysis. 

As  regards  the  character  of  the  microbes  present  in  ordinary  cow's  milk 
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in  ice,  in  faeces,  see  tho  papers  by  Escherisch,  Hueppe  ( '  Mittli.  aus  d.  k. 
Gesundh.'  11.  1884),  Heim  ('Mitth.  aus  d.  k.  Gestindh.,'  V.),  Brieger, 
Bienstock,  and  Escherisch,  Heyroth.i  Hochstetter,^  C.  Fraenkel,  and  others. 
It  ought  to  be  mentioned,  however,  that  to  obtain  an  accurate  knowledge 
of  the  exact  number  of  microbes  present  in  any  material,  it  is  not  sufficient 
to  examine  the  material  by  gelatine  plate  cultivations  alone  :  errors  of  a  con- 
siderable degree  have  been  made  in  this  respect,  inasmuch  as  the  number  of 
microbes  ascertained  by  the  gelatine  plate  method  has  been  shown  to  be 
lower — in  some  cases  considerably  so — than  the  actual  number  present  in 
the  materials,  as  ascertained  by  other  methods.  For  this  reason  it  is  neces- 
sary to  supplement  the  gelatine  plate  cultivations  by  agar  plate  cultivations. 
Fol  has  shown  to  what  enormous  errors  one  may  sometimes  be  led  by  estimat- 
ing the  number  of  bacteria  in  water  by  the  gelatine  method  alone  ;  it  has  been 
repeatedly  mentioned  in  previous  chapters  that  there  exist  numerous  species, 
some  very  important,  which  do  not  grow  at  20°  to  22°  C,  i.e.  at  temperatures 
at  which  gelatine  plate  cultivations  are  kept. 


CHAPTEE  IX 

action  of  bacteitia 

Chemical  Function 

It  would  carry  us  beyond  the  scope  of  the  present  article  were  we  to  attempt 
to  describe  in  detail  the  results  of  the  numerous  researches  carried  out  by  a 
host  of  investigators  in  connection  with  the  specific  chemical  activities  of  bac- 
teria and  fungi.  This  subject  has  made  important  and  remarkable  progress 
within  the  last  ten  years,  but  it  may  be  said  to  have  in  reality  only  recently 
seriously  commenced.  The  researches  of  Pasteur,  Colin,  Nencki,  Fitz,  Praz- 
mowski,  Brieger,  Hueppe,  Winogradski,  and  in  this  country  P.  Frankland, 
Warington  and  others,  have  brought  to  light  a  vast  number  of  important 
facts  ;  to  the  pathologist  and  sanitarian  those  of  Selmi,  Brieger,  Bouchard, 
Hankin,  Sidney  Martin,  Allan  Macfadyen,  Fraenkel,  Behring  and  others, 
dealing  with  the  chemical  products  of  bacteria,  so  far  as  they  are  capable  of 
affecting  the  animal  system,  must  as  a  matter  of  course  have  precedence  over 
those  which,  though  interesting,  are  so  more  or  less  only  from  a  general 
biological  point  of  view. 

It  has  now  been  shown  that  by  bacterial  life,  outside  or  inside  the  body, 
alkaloidal  substances  are  produced  which  belong  to  two  kinds :  some  belong, 
judging  from  particular  chemical  reaction,  to  the  group  of  alkaloids  first 
demonstrated  by  Selmi,  and  called  by  and  after  him  'ptomaines  ;  these  sub- 
stances are,  if  one  might  say  so,  the  result  of  general  activity  of  a  large 
group  of  bacteria  capable  of  producing  putrefactive  decomposition  of  proteids. 
Another  kind  are  due  to  some  more  specialised  microbes,  and  are  of  a  specifically 
poisonous  nature  ;  they  are  said  to  be  different  in  composition  from  the  former 
and  are  called  toxines  ;  such  are  the  poisonous  substances  demonstrated  by 
Brieger,  Wooldridge,  Eoux,  Hankin,  Martin  and  others  from  pathogenic 
microbes  growing  in  artificial  media ;  and  it  is  believed  that  the  same  poisonous 
principles  are  also  produced  by  them  within  the  animal  body  (anthrax,  diph- 
theria bacillus,  and  tetanus  bacillus)  ;  and  it  is  by  such  substances  that  within 
the  affected  body  the  particular  infectious  malady  is  produced.     To  this  group 

1  Arbeit,  aiis  d.  k.  Gesundh.  IV.  p.  1.  ^  Arbeit  aics  d.  k.  Gesmidh.  II.  p.  1. 
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belong  the  toxines  formed  by  the  bacillus  anthracis  isolated  by  Hankin, 
Sidney  Martin,  Fraenkel,  and  others. 

The  exact  chemical  nature  of  these  toxines  is  not  determined,  for  some 
maintain  that  they  are  albumoses,  others  consider  them  as  alkaloids,  and 
others  again  compare  them  to  ferments. 

Eeviewing  the  chemical  function  of  bacteria,  it  will  be  found  to  be  a 
manifold  one: — 

(1)  In  the  first  place  some  have  a  specific  fermentative  action.  The 
proteolytic  or  peptonising  action  is  a  widespread  one,  both  amongst  putre- 
factive and  non-putrefactive  bacteria  ;  albuminous  substances  so  essential  to 
the  Hfe  of  many  species  of  bacteria  by  it  are  rendered  soluble  and  available  for 
these.  Claudio  Fermi  published  in  '  Archiv  f.  Hygiene,'  X.  No.  1  an  exten- 
sive research  on  enzymes  produced  by  various  septic  and  pathogenic  bacteria, 
their  nature  and  dependence  on  the  nutritive  media,  and  their  non-identity 
with  the  various  toxines.  The  production  of  acetic  acid  and  lactic  acid  is  also 
common  to  many  organisms ;  then  the  action  in  converting  urea  into  car- 
bonate of  ammonium,  the  mannite  fermentation,  the  dextrose  and  indigo 
formation  belong  to  this  category,  viz.  specific  fermentative  action  ;  so  also 
the  butylic  alcohol  fermentation  of  fatty  and  starchy  matters,  and  the  ginger- 
beer  fermentation  (Marshall  Ward,  '  Proc.  of  the  Eoyal  Society,'  December 
12,  1891).  (On  lactic  acid  fermentation  see  Pasteur,  Lister,  Hueppe,  Groten- 
felt,  and  Marpmann.) 

(2)  The  nitrifying  power  is,  according  to  Haereus  ( *  Zeitschrift  f.  Hygiene,' 
1886),  common  to  many  soil  bacteria.  The  first  of  these  actions  is  of  neces- 
sity one  that  has  a  general,  and  one  may  say  a  very  high  importance,  inas- 
much as  it  is  the  great  process  by  which  certain  nitrogenous  bodies,  like 
the  salts  of  ammonia,  are  converted  into  nitrites  and  nitrates  so  essential  to 
the  vegetable  kingdom  ;  but  neither  the  assertion  of  Haereus  nor  of  Schloe- 
sing  and  Miintz,  who  claim  to  have  isolated  '  nitrifying  microbes,'  can  be 
accepted,  for  Winogradski,^  G.  Frankland,  and  Warington  ^  have  shown  that 
the  microbe  which  converts  ammonia  salts  into  nitrites  is  different  from  that 
which  converts  nitrites  into  nitrates. 

(3)  The  pigment  action.  The  actual  position  and  value  of  this  is  not 
yet  well  understood.  The  power  to  form  pigment,  generally  dependent, 
ccBteris  paribus,  on  free  oxygen  (except  in  a  few  cases :  spirillum  rubrum), 
is  very  general,  and,  one  would  suppose,  must  be  playing  some  great  role 
in  nature.  Erdmann  first  pointed  out  the  similarity  existing  between  certain 
aniline  dyes  and  the  pigment  produced  by  bacillus  prodigiosus  ;  Schrotter 
has  minutely  investigated  this,  and  found  that  its  pigment  bears  in  every 
respect  a  striking  resemblance  to  fuchsin. 

(4)  The  production  of  substances  acting  as  poisons  on  the  animal  body. 
This  must  be  taken  to  be  as  much  a  specific  action  as  that  of  pigment.  As 
has  been  mentioned  above,  while  some  of  these  poisonous  substances  corre- 
spond to  the  group  of  alkaloids  known  as  ptomaines,  others  are  of  the  nature 
of  albumoses  (Hankin,  Martin,  Fraenkel,  and  Brieger).  It  is  known  through 
Selmi,  Brieger  and  others  that  in  some  of  the  common  putrefactive  processes 
of  albumen,  poisonous  alkaloids,  the  ptomaines,  are  produced ;  but  it  must 
not  be  supposed  that  only  in  putrefactive  processes  are  these  poisonous 
alkaloids  generated,  nor  that  aU  alkaloids  produced  in  putrefaction  are 
poisonous  (Brieger). 

(5)  The  pathogenic  action,  in  other  words,  the  power  to  produce  in  the 
animal  body  definite  pathological  changes,  that  is,  a  definite  infectious  disease. 

'  Armales  de  VInstitut  Pasteur,  iv.  4  and  5,  v.  9. 
*  Chemical  News  and  Proceed,  of  the  Eoyal  Society,  1891. 
VOL.  ri.  F 
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But  on  more  carefully  looking  at  such  action  in  the  light  of  the  researches 
published  during  the  last  few  years  it  appears  that  this  pathogenic  action 
depends  entirely  on  the  power  of  certain  bacteria  to  produce  toxines,  and 
poisonous  albumoses ;  and  further  it  has  been  shown  that  such  poisonous 
substances  are  actually  isolable  from  the  tissues  of  the  diseased  animal  body. 
These  poisonous  substances  are  also  elaborated  by  the  bacteria  outside  the 
body  (i.e.  in  artificial  cultures),  and  when  they  are  introduced  separately,  but 
in  sufficient  quantities,  into  an  animal,  the  same  pathological  changes  are 
thereby  generated  as  when  the  bacteria  work  within  the  body ;  it  has  also 
been  shown  that  by  graduating  this  quantity  of  the  poisonous  substances, 
a  mild  and  transitory  illness  may  be  induced,  which  in  some  instances  is 
for  some  time  protective  against  a  second  attack. 

(6)  As  an  action  not  generally  considered  a  specific  fermentative  one  is 
the  putrid  decomposition  of  albumen  by  certain  bacteria,  e.g.  proteus 
vulgaris,  bacillus  foetidus,  and  others,  which,  growing  and  multiplying  in 
proteid  materials,  break  these  down  into  lower  nitrogenous  principles 
(leucin,  tyrosiu,  indol,  skatol,  and  phenol),  while  at  the  same  time  foul  gases 
like  NH3,  H2S,  H,  CO2,  and  CH4  are  evolved  ;  but  it  is  a  question  whether 
this  putrefaction  is  not  as  much  a  specific  fermentative  action,  as  for 
instance  the  peptonising  action  of  bacteria  or  the  acetic,  lactic,  and  butyric 
fermentation  ;  and  further,  it  is  not  decided  whether  in  all  decomposition  of 
albumen  during  putrefaction  this  is  always  brought  about  by  the  action  of 
a  single  species,  or  whether  in  some  instances  of  putrefaction  several  species 
are  at  work  in  the  different  phases  of  the  process. 

Pathogenic  Action 

In  a  former  chapter  we  have  shown  that  many  bacteria  cannot  multiply 
within  the  normal  tissues  of  the  animal  body  ;  such  bacteria,  termed  sapro- 
phytes or  septic  bacteria,  do  not  produce  pathogenic  results  when  introduced 
into  the  normal  tissues.  But  here  again  we  have  to  differentiate  those  that, 
though  saprophytes,  can  nevertheless  assume  the  character  of  parasites  when 
the  normal  character  of  the  tissues  is  lost,  as  will  be  shown  later  on  in  various 
examples.  From  these  septic  bacteria  must  be  distinguished  those  that  can 
hve  and  multiply  within  the  normal  living  tissues.  But  in  this  last  respect 
there  exist  the  greatest  differences :  (a)  while  some  species,  as  we  have  men- 
tioned on  a  former  page,  are  capable  of  doing  so  in  one  species  of  animals, 
they  cannot  do  so  in  another ;  (b)  some  species,  although  their  natural  breed- 
ing ground  is  the  normal  body  of  an  animal  (secretions,  mucus,  &c.),  in  which, 
however,  they  produce  no  pathogenic  effect,  when  introduced  into  the  tissues 
of  another  animal  show  definite  pathogenic  action ;  (c)  again  some  species 
producing  in  one  set  of  animals  (and  man)  a  constant  well-defined  pathogenic 
action  of  one  kind,  when  transferred  to  a  different  kind  of  animal  produce  a 
different  though  constant  pathogenic  action ;  further  :  (d)  some  species 
producing  a  definite  pathogenic  action  in  the  animal  body  are  capable  of 
retaining  this  power  unimpaired  when  growing  outside  the  animal  body, 
while  other  species  manifest  definite  pathogenic  action  only  when  they  have 
grown  in  the  animal  body  and  have  been  transferred  from  this  directly  to 
another  animal  body ;  when  growing  outside  the  animal  body,  in  artificial 
media,  they  gradually  lose  this  pathogenic  power,  some  rapidly,  others  slowly; 
some  of  them,  when  growing  under  certain  conditions  (altered  nutritive 
material,  a  different  animal  body),  can  again  assume  their  pathogenic  action, 
while  others  have  apparently  lost  it  permanently. 

We  proceed  to  illustrate  these  different  groups  : 

(a)  Bacteria  capable  of  multiplication  and  of  producing  disease  in  one  but 
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not  in  another  animal.  Most  bacteria  known  to  possess  decided  patTiogenic 
power  come  under  this  category.  The  bacillus  anthracis,  while  pathogenic 
for  man,  rodents,  and  herbivorous  animals,  has  not  this  power,  or  only  shghtly 
so,  on  carnivorous  animals,  or  on  rats  ;  bacillus  mallei,  bacillus  tuberculosis, 
bacillus  leprae,  bacillus  cholerse  gallinarum,  spirillum  of  relapsing  fever, 
(micrococcus)  staphylococcus  pyogenes,  streptococcus  erysipelas,  streptococcus 
scarlatinse,  bacillus  of  fowl  enteritis,  bacillus  of  swine  erysipelas  and  swine 
fever,  bacillus  of  typhoid  fever,  diplococcus  pneumoniae,  and  a  host  of 
others,  belong  to  the  group  of  bacteria  which,  though  specific  to  one  animal, 
are  without  pathogenic  action  on  another.  When  they  cannot  produce  a 
pathogenic  effect,  the  animal  is  spoken  of  as  insusceptible,  and  we  have 
explained  this  condition  by  ascribing  to  the  blood  and  lymph  in  this  animal 
the  power  to  kill  the  particular  bacteria,  or  at  any  rate  to  inhibit  their 
multiplication. 

(b)  There  are  several  species  of  bacteria  known,  which,  although  derived 
from  non-pathological  materials,  nevertheless  possess  the  power  of  effecting 
definite  pathogenic  results  in  some  animals.  The  capsulated  bacillus  known 
to  occur  in  the  normal  fluid  of  the  mouth  (human),  produces  in  the  rabbit, 
when  subcutaneously  inoculated,  a  well-defined  septicemia  (Pasteur,  Stern- 
berg). In  human  sputum  (normal  or  pathological)  there  occur  various  species 
of  bacteria,  some  of  which  (streptococcus,  bacillus  of  Friedlander,  diplococcus 
pneumoniae)  have  the  power  to  produce  septicaemia  in  rodents.  In  normal 
human  faecal  matter  Brieger  isolated  a  short  bacillus  which  produces  septi- 
cemia in  the  guineapig  ;  likewise  Bienstock  isolated  a  thin  bacillus  which  is 
capable  of  causing  septicaemia  in  mice.  Von  Emmerich's  bacillus  isolated  from 
choleraic  evacuations — the  Naples  bacillus — probably  the  same  as  Brieger's 
bacillus — causes  likewise  septicemic  infection  in  guineapigs.  Koch's  and 
Finkler's  spirilla  both  act  under  certain  conditions  of  experimentation  like 
pathogenic  microbes  on  guineapigs.  Koch's  septicemia  in  rabbits,  Davaine's 
septicemia  in  rabbits,  Koch's  septicemia  in  mice  are  caused  severally  by 
microbes  occurring  in  putrid  animal  materials.  The  typhoid  bacillus  of 
Eberth,  Koch,  and  Gaffky  is  capable  of  causing  septicemic  infection  in  mice. 
The  micrococcus  tetragonus  occurring  in  the  purulent  matter  of  tuberculous 
deposits  (lung,  and  other  localities)  has  a  powerful  septicemic  action  on 
guineapigs  (Gaffky). 

(c)  In  this  group  may  be  mentioned  the  typhoid  bacillus  just  referred  to ; 
which,  however,  it  must  be  added,  has  not  been  as  yet  satisfactorily  proved  to 
be  really  the  cause  of  typhoid  fever :  the  evidence  on  this  point  is,  though 
strong,  not  complete.  This  microbe,  when  introduced  in  more  than  minimal 
doses,  produces  septicemic  infection  in  mice ;  but  this  result  is  acute,  the 
animals  die  in  from  one  to  three  days  with  the  symptoms  of  septicemia,  and 
the  bacilli  are  present  in  the  blood  of  the  general  circulation.  The  diplococcus 
pneumonie  of  Frankel  and  Weichselbaum,  when  from  recent  sub-cultures, 
causes  general  septicemic  infection  in  guineapigs  and  mice. 

The  spirillum  of  Koch  and  that  of  Finkler,  when  inoculated  in  consider- 
able doses  subcutaneously  in  mice  and  guineapigs,  both  sometimes  cause  septi- 
cemic infection  with  the  comma-bacilli  in  the  blood  of  the  general  circulation. 
The  staphylococcus  aureus  liquescens  causes  abscess,  in  some  instances,  when 
inoculated  into  rabbits,  but  in  many  other  instances  when  injected  into  the 
vessels  of  rabbits  and  guineapigs  produces  a  general  septicemic  infection.  So 
also  the  streptococcus  pyogenes  derived  from  human  abscess  occasionally 
causes  general  septicemic  infection  in  rabbits  and  guineapigs. 

(d)  Many  bacteria  of  well- ascertained  pathogenic  power  lose  this  gradu- 
ally, owing  to  successive  cultivation  on  artificial  media,  or  to  varied  conditions 
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of  cultivation.  Examples  illustrating  these  points  are  very  numerous.  The 
bacillus  anthracis,  so  long  as  it  is  cultivated  at  ordinary  temperature,  or  at 
a  temperature  up  to  38°  C.  in  neutral  or  very  faintly  alkaline  broth,  in  neutral 
or  faintly  alkaline  nutrient  gelatine,  on  nutrient  agar,  or  boiled  potato,  re- 
tains full  virulence ;  Buchner  is  incorrect  in  asserting  that  by  successive 
cultivations  in  broth  the  bacillus  anthracis  gradually  loses  all  virulence. 
But  there  are  numerous  pathogenic  bacteria  which  by  gradual  cultural 
removal  from  their  original  breeding-ground,  i.e.  the  animal  body,  lose  all 
pathogenic  power ;  e.g.  the  bacillus  of  diphtheria,  the  diplococcus  pneumoniae, 
the  bacillus  of  Middlesbrough  pneumonia,  the  streptococcus  erysipelatos,  the 
streptococcus  scarlatina.  And  various  species  of  bacilli  causing  septicemia  in 
rodents  are  of  this  category,  e.g.  the  bacillus  of  Davaine's  septicaemia,  of 
Koch's  septicaemia  in  rabbits,  of  malignant  oedema,  and  others.  While  at 
first,  i.e.  directly  derived  from  the  human  or  animal  body,  they  act  virulently, 
and  also  possess  this  character  in  the  first  few  sub-cultures,  they  lose  this 
power — some  sooner,  some  later — on  continued  cultivation.  The  spirillum 
of  Koch  is  of  the  same  nature  ;  the  sub-cultures  of  this  microbe  carried  on 
for  a  large  number  of  generations  become  certainly  attenuated  in  so  far  as 
their  action  on  the  guineapig  is  concerned.  Othei  ^,  like  the  bacillus  anthracis, 
bacillus  choleras  gallinarum,  bacillus  of  fowl  enteritis,  bacillus  tuberculosis, 
bacillus  mallei,  bacillus  of  swine  fever  and  of  swine  erysipelas,  do  not  show 
any  attenuation  when  the  cultivations  are  carried  on  under  unaltered  con- 
ditions of  temperature  and  soil.  But  if  either  the  nature  of  the  medium, 
or  the  temperature  in  which  the  sub-cultures  are  kept,  becom.es  altered, 
these  also  undergo  gradual  attenuation,  and  may  even  lose  the  power  to 
produce  any  pathogenic  effect.  The  bacillus  anthracis  grown  in  broth  at 
42-43°  C.  undergoes  distinct  loss  of  virulence  after  eight  to  twelve  days,  and 
after  fourteen  to  sixteen  days  altogether  loses  the  power  of  producing  fatal 
infection  ;  when  grown  under  unsuitable  conditions  of  soil  it  also  undergoes 
attenuation  which  may  lead  to  the  complete  loss  of  pathogenic  effect  (Buch- 
ner). When  the  bacillus  anthracis  is  grown  in  the  mouse  its  virulence  becomes 
attenuated,  inasmuch  as  it  does  not  produce  fatal  anthrax  in  sheep  ;  when 
derived  from  the  sheep  or  cattle  its  virulence  is  greater  than  when  grown  in 
the  mouse  or  guineapig ;  when  the  bacillus  anthracis  is  grown  for  a  week 
or  two  on  alkaline  nutrient  agar  its  virulence  is  less  than  when  grown  in 
slightly  alkaline  broth.  The  bacillus  of  swine  erysipelas  when  passed  through 
a  succession  of  rabbits  is  attenuated  as  compared  with  the  bacillus  derived 
from  the  pig.  The  bacillus  anthracis,  the  bacillus  of  fowl  cholera,  the 
bacillus  of  swine  erysipelas  when  grown  as  impure  cultures  lose  their  viru- 
lence. The  bacillus  tuberculosis  when  grown  at  temperatures  between 
35-37°  is  less  virulent  than  when  grown  at  38-39°  C. ;  when  grown  on 
Koch's  solid  serum  at  37-39°  C.  it  retains  its  full  virulence  through  nume- 
rous sub-cultures,  while  when  grown  on  nutrient  glycerine  agar  (Eoux  and 
Nocard)  through  a  few  sub-cultures  it  loses  a  great  deal  of  its  virulence. 

The  bacillus  tuberculosis  derived  from  bovine  tubercles  is  more  virulent 
for  the  guineapig  and  rabbit  than  that  derived  from  the  human  tubercle  ; 
and  the  former  produces  general  tuberculosis  in  guineapigs  and  rabbits  in  a 
considerably  shorter  time  and  more  extensively  than  the  latter.  But  it  must 
be  added  to  all  these  considerations  that  by  growing  these  microbes  again  on 
the  most  favourable  soil  and  under  the  most  favourable  condition  of  tem- 
perature the  full  pathogenic  action  is,  as  a  rule,  again  attained,  if  not  in  the 
first  at  any  rate  in  the  subsequent  sub-cultures.  When  the  bacillus  anthracis 
is  grown  for  a  fortnight  in  faintly  alkahne  chicken  broth  at  42-5°  C,  it  will 
be  found  to  have  lost  its   virulence   altogether,  but   on   inoculating  fresh 
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chicken  broth  from  such  a  culture  and  keeping  it  at  35-37°  C.  for  a  few  days,  a 
culture  is  produced  which  possesses  renewed  virulence,  and  after  another 
sub-culture  its  full  virulence  is  recovered.  On  growing  bacillus  anthracis  in 
nutrient  gelatine  to  which  perchloride  of  mercury  is  added  in  the  proportion 
of  1  perchloride  of  mercury  to  40,000  nutrient  gelatine,  the  resulting  growth 
fails  in  many  instances  to  produce  fatal  anthrax  ;  so  does  the  sub-culture  in 
a  new  set  of  medicated  gelatine ;  but  if  from  such  an  attenuated  culture  a 
fresh  sub-culture  is  made  in  normal  nutrient  gelatine,  virulent  bacilli  are 
again  obtained.  The  same  holds  good  for  other  microbes  which  have  become 
attenuated  by  one  cause  or  another.  Take,  for  instance,  the  case  of  attenua- 
tion produced  by  growing  in  subsequent  cultures  the  bacillus  pneumoniae 
(Middlesbrough)  ;  while  at  first  the  cultures  of  this  bacillus  are  very  virulent 
for  mice,  this  effect  is  gradually  lost  as  the  sub-cultures  are  carried  on 
through  several  generations,  but  when  of  such  attenuated  bacilli  cultures  are 
made  in  alkali-albumen  the  virulence  of  the  bacilU  is  again  recovered.  Hueppe 
shows  that  by  growing  the  spirillum  cholerae  and  spirillum  of  Finkler  in  egg, 
closed  after  inoculation  so  as  to  ensure  an  anaerobic  condition,  a  very  poison- 
ous culture  is  produced.  Van  Ermengen  has  shown  that  by  growing  the 
spirillum  choleras  in  aqueous  humour  a  much  more  poisonous  product  is 
obtained  than  by  growing  it  in  broth.  The  streptococcus  scarlatinse  by 
successive  cultivation  in  broth  gradually  loses  its  virulence  on  mice,  but  by 
again  growing  it  in  alkali-albumen  a  virulent  growth  is  recovered. 

In  all  these  cases  of  attenuation,  through  one  cause  or  another,  the 
morphological  and  biological  characters  of  the  microbes  remain  practically 
unaltered  ;  in  all  cases  their  microscopic  character,  the  manner  of  their  growth 
in  plate,  streak,  and  stab  cultures  remain  very  nearly  the  same,  and  from 
the  study  of  these  alone  no  alteration  of  their  function  could  be  recognised. 
It  is  important  to  bear  this  in  mind,  viz.  that,  so  far  as  actual  and  careful 
observation  hitherto  shows,  there  is  no  definite  morphological  alteration 
going  on  hand  in  hand  with  the  alteration  in  virulence  ;  Buchner  main- 
tained that  as  bacillus  anthracis  in  his  sub-cultures  gradually  loses  its  viru- 
lence, it  morphologically  gradually  becomes  more  like  the  motile  hay  bacillus, 
and  he  at  first  went  so  far  as  to  say  that  not  only  does  the  anthrax  bacillus 
in  this  course  of  attenuation  and  complete  loss  of  its  pathogenic  power 
become  the  motile  hay  bacillus  or  something  similar  to  it,  but  the  typical 
motile  hay  bacillus  can  by  cultivation  become  the  non-motile  virulent  anthrax 
bacillus.  All  these  and  similar  assertions  must  be  held  to  be  disproved 
by  numerous  observations  carried  on  by  exact  methods  of  cultivation.  The 
motile  hay  bacillus  can  no  more  assume  the  pathogenic  character  of  the 
anthrax  bacillus  than  a  common  non-poisonous  snake  can  become  an  adder, 
though  an  adder  by  drawing  its  poison-fangs  and  poison-bags  can  become 
a  non-poisonous  snake ;  the  offspring  of  such  an  artificially  made  non- 
poisonous  adder  are  none  the  less  poisonous  adders. 

It  will  be  readily  understood  from  the  above  considerations  that  cases 
may  occur  when  one  organism  bears  a  striking  morphological  and  biological 
resemblance  to  a  pathogenic  one,  or  to  one  of  a  similar  though  weakened 
pathogenic  action ;  in  such  cases  it  is  quite  possible  that  they  may  have  a 
genetic  relation  to  one  another,  that  is  to  say,  the  pathogenic  species  may 
have  through  one  cause  or  another  lost  its  pathogenic  power,  or  this  particu- 
lar action  may  have  become  modified,  but  still  the  microbe  may  have  retained 
all  its  morphological  and  biological  characters.  We  will  illustrate  this  by 
examples.  The  streptococci  are  a  very  numerous  family,  many  species  of 
streptococci  resemble  one  another  in  their  morphological  and  biological 
characters ;  the  streptococcus  erysipelatos,  the  streptococcus  pyogenes,  the 
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streptococcus  scarlatinsB  are  by  some  observers  considered  to  be  genetically 
related  to  one  another,  inasmuch  as  they  maintain  that  the  streptococcus 
erysipelatos  may  become  modified  into  the  streptococcus  pyogenes  and  that 
this  is  only  the  same  as  the  streptococcus  scarlatina.  The  action  of  the 
streptococcus  pyogenes  is  uncertain,  as  in  some  cases  it  causes  abscess,  in 
others  it  does  not ;  the  streptococcus  scarlatina  causes  in  some  cases  no  other 
action  than  the  streptococcus  pyogenes,  and  finally  the  streptococcus  erysipe- 
latos in  some  cases  does  not  produce  any  other  action  than  that  of  the  strepto- 
coccus pyogenes.  Now,  from  an  extensive  and  long-continued  study  the 
writer  has  come  to  the  conclusion  that  these  assertions  are  not  in  harmony 
with  the  facts,  because  the  real  streptococcus  erysipelatos  is  in  functional 
respects  totally  distinct  from  the  others  ;  what  is  described  as  streptococcus 
pyogenes  comprises  a  number  of  different  species,  and  the  streptococcus 
scarlatinse  can  be  morphologically,  biologically,  and  functionally  distinguished 
from  the  streptococcus  pyogenes.  We  may  add  to  these  species  also  two 
other  streptococci :  the  streptococcus  of  the  Edinburgh  cow  disease  and  the 
streptococcus  of  human  ]Duerperal  septicemia.  We  cannot  therefore  agree 
with  those  observers  who  do  not  distinguish  between  these  different  species, 
although  we  agree  with  the  general  proposition  that  each  one  of  them  by 
successive  cultivation  on  gelatine  after  some  time  does  gradually  lose  its 
original  pathogenic  function. 

Hueppe  described  a  non-motile  bacillus  which  he  cultivated  from  soil, 
and  which  he  finds  in  morphological  and  cultural  characters  very  difficult 
to  distinguish  from  bacillus  anthracis,  yet  according  to  him  it  does  bear  a  cer- 
tain relation  to  this  latter,  inasmuch  as  it — the  former — inoculated  into  mice, 
gives  protection  against  the  latter,  although  itself  it  does  not  cause  anthrax. 
Hueppe  is  inclined  to  think  that  this  species  of  bacillus  may  have  once  been 
bacillus  anthracis,  but  have  lost  its  pathogenic  power.  Now,  assuming  that 
Hueppe's  observations  as  to  the  protective  power  of  that  soil-bacillus  against 
the  bacillus  anthracis  be  a  reahty,  we  still  find  that  this  latter,  on  its  change 
into  the  former,  has  retained  its  morphological  and  biological  characters. 

The  important  question  that  presents  itself  is — What  causes  in  some 
bacteria  this  attenuation  in  function  ? 

On  a  former  page  we  have  mentioned  that  in  several  instances  it  has  been 
shown  that  the  chemical  products  of  certain  pathogenic  bacteria,  when 
injected  in  certain  quantities,  have  the  power  of  causing  a  mild  form  of 
the  particular  disorder,  and  thus  to  protect  against  the  virulent  disease ; 
and  we  have  also  mentioned  that  these  protective  chemical  products  are 
elaborated  by  the  bacteria,  not  in  all,  but  only  in  certain  media.  Thus  it  is 
known  that  the  anthrax  bacilli  grown  in  broth  do  not  form  those  toxic  sub- 
stances in  any  appreciable  quantity  :  Wooldridge's  success  was  only  achieved 
by  growing  the  bacilli  anthracis  in  certain  albuminous  fluids.  Then  we  men- 
tioned that  Van  Ermengen  has  shown  that  the  chemical  products  of  the 
choleraic  spirilla  in  aqueous  humour,  and  in  the  intestinal  fluid  of  the  intestine 
of  guineapigs,  and  Hueppe  that  those  grown  in  eggs  are  infinitely  more 
poisonous  than  when  grown  in  broth.  We  have  also  seen  that  certain  other 
bacilh  and  micrococci  when  grown  in  alkali-albumen  regain  poisonous  action, 
when  by  previous  successive  cultivation  in  gelatine  they  had  lost  it.  From 
these  facts,  it  seems  that  the  conclusion  is  justified  that  the  virulent  activity  of 
pathogenic  bacteria  (that  is  the  production  of  the  toxines)  depends,  cceteris 
paribus,  in  a  great  measure  on  the  medium  or  the  soil  in  which  they,  the 
bacteria,  grow.  We  might  suppose  that  owing  to  certain  substances  being 
absent  from,  or  other  substances  being  added  to,  the  original  soil  in  which 
the  bacteria  multiply,  or  that  owing  to  certain  other  conditions,  such  as  tern- 
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perature,  obtaining  in  their  growth,  the  chemical  activity  of  the  bacteria 
becomes  changed,  and  that  the  result  of  their  own  chemical  constitution  and 
of  the  molecular  changes  brought  about  by  those  so  altered  bacteria  also 
becomes  changed.  And  we  would  further  conclude  from  these  facts  that  a 
bacterium  itself  chemically  changed,  and  altered  in  its  chemical  action,  would 
manifest  a  different  chemical  action  at  least  for  one  generation  when  again 
transferred  to  the  suitable  soil.  There  can  be  little  doubt,  and  it  is  now 
generally  agreed,  that  in  the  pathogenic  action  of  bacteria  it  is  not  merely 
their  presence  in  numbers  nor  their  mechanical  effects  which  cause  the  dis- 
ease, but  that  it  is  by  their  chemical  products,  by  their  toxines,  that  they 
manifest  their  poisonous  action,  that  it  is  the  character  and  amount  of  these 
chemical  substances  which  determine  the  peculiar  pathological  states  cha- 
racterising the  different  diseases  caused  by  the  bacteria.  In  anthrax,  though 
the  number  of  bacilli  in  the  blood  and  spleen  is,  as  a  rule,  great  just  before 
death,  it  nevertheless  can  only  be  owing  to  their  particular  specific  chemical 
action  that  the  disease  is  brought  about ;  in  many  specific  diseases  the 
number  of  the  bacteria  is  not  large  enough  to  cause  mechanically  those 
grave  local  and  general  effects  that  we  meet  with  ;  besides,  the  character  of 
the  changes  is  so  utterly  different  in  the  different  diseases.  This  un- 
doubtedly must  be  due  to  specific  chemical  action,  i.e.  to  action  of  the 
toxines  of  those  bacteria,  differing  in  nature  and  in  amount  in  the  different 
cases.  This  is  confirmed  by  the  observations  above  stated,  according  to 
which  it  has  been  possible  to  obtain  these  poisonous  substances  in  artificial 
cultures  and  to  separate  them  from  the  bacteria  themselves.  Add  to  this 
also  that  a  powerful  necrotic  influence  is  exerted  by  some  bacteria  over 
considerable  areas  of  the  tissue  in  which  they  grow,  e.g.  in  swine  fever, 
certain  septicemia  bacilli,  the  tubercle  bacilli,  and  the  diphtheria  bacilli. 

We  can  readily  understand  that  if  the  bacteria,  owing  to  one  cause  or  an- 
other, have  undergone  a  modification  in  their  chemical  constitution  and 
chemical  activity,  their  poisonous  products  which  cause  the  virulent  disease 
may  have  become  modified  either  in  character  or  in  amount  or  both,  and  that 
such  modified  bacteria  will  not  be  able  to  produce  the  same  results,  either 
as  regards  intensity  or  the  character  of  the  disease,  as  the  unmodified  bac- 
teria. Under  the  same  theory  we  can  also  understand  how  certain  bacteria 
growing  in  the  blood  produce  a  different  effect  from  that  which  results  from 
the  same  bacteria  growing  in  the  subcutaneous  tissue,  e.g.  the  bacillus  of 
swine  erysipelas,  or  the  bacillus  of  symptomatic  anthrax.  In  the  former  case 
the  bacilli  after  injection  into  the  blood-stream  produce  a  mild  disorder, 
but  growing  in  the  subcutaneous  tissue  produce  a  severe  fatal  disease.  In 
the  first  case  the  chemical  conditions  evidently  cannot  be  the  same  as  in 
the  latter  ;  while  for  other  microbes  just  the  reverse  is  the  case,  viz.  when 
growing  in  the  subcutaneous  tissue  the  disease  produced  is  milder  than  when 
they  are  growing  in  the  blood,  e.g.  in  small-pox  ;  inoculated  small-pox  is 
milder  than  small-pox  in  which  the  contagium  has  passed  (by  the  respiratory 
organs)  into  the  circulation. 

In  connection  with  the  chemical  products  of  specific  bacteria  there  is  one 
question  which  it  is  important  to  clearly  understand  and  to  define,  viz.  the 
question  of  the  exact  nature  and  meaning  of  infection.  In  the  first  place  it 
is  necessary  to  remember  that  it  has  been  proved  for  several  pathogenic  (in 
the  wider  sense)  species  of  bacteria — bacillus  anthracis,  spirillum  cholerse 
Koch,  spirillum  Finkler,  several  species  of  septicemic  bacilli,  bacillus  diph- 
therise — that  also  outside  the  animal  body  they  can  produce  the  same  toxines 
which  they  produce  when  growing  within  the  body,  and  by  which  they  set  up 
the  particular  diseased  state.     There  is,  however,  this  great  diflerence  in  this 
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respect,  tliat  when  multiplying  within  the  body  the  amount  of  the  specific 
chemical  poison  can  reach,  cceteris  paribus,  fatal  proportions,  whereas  when 
multiplying  in  an  artificial  medium  the  nature  and  amount  of  this  poison 
is  subject  to  determinable  conditions.  But  not  only  do  pathogenic  bacteria 
produce  chemical  substances  acting  Hke  poisons,  since  other  bacteria  not 
capable  of  multiplying  within  the  body  can,  as  has  been  mentioned  already, 
outside  the  animal  system  produce  chemical  substances,  ptomaines,  which 
act  hke  poisons,  and  which  when  introduced  into  an  animal  body  cause 
definite  pathological  states. 

Since  Gaspard,  Virchow,  Panum,  and  Bergmann  have  shown  that  various 
animal  materials,  blood  and  tissues,  having  undergone  putrefactive  changes, 
contain  substances  which  by  purely  chemical  means  can  be  separated  from 
the  bacteria  that  produced  them,  and  which,  when  injected  into  the  body 
of  animals,  produce,  according  to  the  amount  injected,  more  or  less  severe 
disturbances,  leading  even  to  a  fatal  result.  When  injected  in  small  quan- 
tities, very  soon  after  (from  a  quarter  to  one  hour)  a  rapid  rise  of  the  body 
temperature  vith  shivering  takes  place,  followed  by  gastro-intestinal  disturb- 
ance, retching  and  vomiting,  tenesmus  and  pm^ging  ;  pain  in  the  abdomen, 
muscular  contractions  and  spasms  ;  in  large  doses  congestion  and  haemorrhage 
occur  in  the  stomach  and  intestines,  particularly  the  duodenum  and  rectum, 
the  peritoneum  and  the  pleura  ;  sanguineous  and  fluid  evacuations  pass  from 
the  bowels ;  a  rapid  fall  of  the  body  temperatm-e,  collapse,  and  death  takes 
place.  On  post-mortem  examination  congestion  is  found  in  all  the  viscera  and 
the  serous  membranes,  hemorrhages  in  the  lungs  and  liver,  in  the  serous  and 
mucous  coat  of  the  stomach,  the  duodenum  and  rectum.  The  disturbance,  or 
set  of  disturbances,  called  sepsis,  septic  intoxication,  or  saprcemia,  takes  place  a 
short  time  after  the  injection  ;  they  are  therefore  caused  by  chemical  poison- 
ing, as  is  also  proved  by  the  fact  that  the  substances  injected  are  separated 
from  the  putrid  materials  by  means  which  destroy  and  kill  all  living  micro- 
organisms (precipitation  by  alcohol  and  boihng).  Selmi  has  shown  that 
the  substances  produced  by  putrefaction  and  causing  the  above  septic  intoxica- 
tion, or  saprcBmia,  possess  certain  well-defined  chemical  characters  which 
show  them  to  be  alkaloids,  and  he  called  them,  ptomaines.  Brieger  isolated 
and  more  accurately  defined  these  substances  [see  also  Dr.  Hunter's  re- 
searches), and  showed  their  production  to  be  dependent  on  certain  materials ; 
he  obtained  them  in  crystallised  form  and  showed  that  some,  e.g.  neurine,  act 
very  poisonously,  while  others  (choline  obtained  from  yolk  of  egg)  do  not  do 
so.  Hueppe  obtained  some  ptomaine  (cadaverine)  of  a  very  poisonous  natijjre 
by  cultivating  Tinkler's  and  Koch's  spirilla  in  egg  anaerobically.  Various 
forms  of  toxic  disturbances  similar  to  the  above  have  been  observed  to  follow 
the  ingestion  of  certain  substances,  as  cream,  cheese,  pork  and  ham,  sausages, 
mackerel,  and  other  foodstuffs,  and  in  all  these  the  presence  of  ptomaines, 
as  causing  the  severe  gastro-enteritic  disturbances  followed  sometimes  by 
collapse  and  death,  is  also  assumed.  In  most  of  these  cases  it  has  been  shown 
that  the  intensity  of  the  disturbance  is  proportional  to  the  amount  of  the 
material  consumed,  and  further  that  the  symptoms  set  in  very  soon  after  the 
introduction  of  the  material,  so  that  there  can  be  no  doubt  that  we  have  to 
deal  here  with  poisoning  by  chemical  substances  as  opposed  to  infection 
with  living  micro-organisms,  in  which  latter  case  there  is  always  a  consider- 
able lapse  of  time  or  incubation  period  before  the  symptoms  supervene,  owing 
of  course  to  the  fact  that  in  this  case  the  micro-organisms  must  first  multiply 
to  a  certain  degree  in  order  to  produce  the  toxines,  and  by  these  the  patho- 
logical results.  But  because  the  symptoms  of  the  intoxication  are  very  similar 
in  all  these   cases — gastro-enteritic   disturbances,  retching   and  vomiting, 
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tenesmus  and  diarrhoea,  congestion  and  ligemorrhage  of  the  internal  viscera, 
even  leading  to  collapse  and  death — it  would  be  unwarranted  to  assume  that 
they  are  all  caused  by  the  same  chemical  poison.  Septic  intoxication  or 
saprsemia  is  no  doubt  produced  by  ptomaines — Selmi's  and  Brieger's 
ptomaines  {see  a  former  page) — the  result  of  putrefaction,  if  these  ptomaines 
:are  introduced  by  injection  into  the  subcutaneous  tissue  or  directly  into  the 
vascular  system,  but  we  are  not  aware  that  anyone  has  succeeded  in  pro- 
ducing it  by  simple  ingestion ;  whereas  the  poisoning  produced  by  certain 
articles  of  food  has  always  followed  ingestion.  It  is  probably  correct  to  assume 
that,  besides  the  putrefactive  changes,  other  similar,  but  by  no  means  identical, 
•changes  brouglit  about  by  micro-organisms  occur,  by  which  certain  chemical 
poisons — possibly  alkaloids — are  produced,  which,  though  similar  to  the 
ptomaines  of  putrefaction,  are  not  identical  with  them.  By  putrefaction 
is  generally  understood  a  set  of  changes  due  to  the  multiphcation  of  certain 
micro-organisms  in  albuminous  materials,  in  the  coarse  of  which  albumen  is 
peptonised,  then  further  split  up,  yielding  leucin  and  tyrosin,  and  also  indol, 
with  the  simultaneous  evolution  of  ammonia  and  sulphuretted  hydrogen, 
&c. ;  in  these  processes,  conspicuous  by  the  evolution  of  ammonia,  sulphu- 
retted hydrogen,  and  indol,  the  ptomaines  of  Selmi  and  Brieger  are  produced. 
But  there  are  a  number  of  micro-organisms  known,  which  do  not  cause  in 
albuminous  substances  the  typical  putrefactive  changes  in  the  above  sense. 
There  is  never  any  ill  smell  evolved,  and  no  ammonia  or  sulphuretted 
hydrogen,  yet  very  poisonous  substances  are  produced.  Take,  for  instance, 
the  bacillus  enteritidis  of  Gartner,  and  the  bacillus  isolated  by  Gaffky 
from  sausage ;  in  one  instance  horseflesh,  in  the  other  sausages,  produced 
severe  gastro-enteritic  disturbance.  The  writer  has  isolated  several  species 
of  bacilli,  one  from  veal  pie  that  had  caused  in  some  members  of  a  family 
gastro-enteritic  poisoning,  another  from  pork  pie  of  a  similar  poisonous 
nature,  and  still  another  from  beef  pie.  These  bacilli  when  grown  in  broth 
or  in  nutrient  gelatine  produced  poisonous  chemical  substances,  as  was  proved 
by  ingestion  of  the  cultures  into  mice,  in  which  severe  gastro-enteritis  and 
death  were  caused ;  no  bad  smell  of  any  kind  was  noticeable  in  the  culture- 
fluids  ;  on  the  contrary,  there  was  present  in  them  a  rather  pleasant  aromatic 
smell.  Neither  of  the  above  bacilli  is  capable  of  growing  and  multiplying  in 
the  animal  body,  but  when  grown  in  broth  or  in  gelatine  they  produce  those 
poisonous  substances.  In  some  cases  of  poisoning  by  cream  and  cheese.  Dr. 
Vaughan  has  isolated  from  such  cream  and  cheese,  crystals  of  a  certain  sub- 
stance (tyrotoxin)  which  acted  very  poisonously.  It  follows,  then,  that  the 
term  ptomaine  poisoning  or  saprtemia  should  be  reserved  for  that  set  of 
cases  in  which  the  ptomaines  of  Selmi  and  Brieger,  produced  by  putrefac- 
tion of  albumen,  are  at  play,  while  those  special  changes  caused  by  special, 
non-putrefactive  microbes  in  certain  albuminous  substances — e.g.  cheese, 
mackerel,  veal  pie,  sausage,  pork,  tinned  meat  of  one  kind  or  another — should 
be  considered  as  special  fermentative  changes  in  no  way  similar  to  putrefac- 
tion, and  the  products  of  such  fermentative  changes  should  be,  as  is  becoming 
more  and  more  the  custom,  placed  under  the  same  group  of  toxins  as  are 
produced  by  the  true  pathogenic  microbes. 

Different  from  these  intoxications,  produced  by  chemical  substances 
elaborated  by  bacteria  outside  the  animal  body,  are  the  true  infective  jprocesses. 
In  these  latter  the  microbes  enter  the  system,  multiply  therein,  and  when 
sufficiently  numerous,  i.e.  when  their  special  toxins  have  been  produced  in 
sufficient  quantity,  set  up  a  particular  diseased  state.  The  time  that  elapses 
between  their  entrance  and  the  setting  in  of  the  symptoms  is,  as  is  well  known, 
spoken  of  as  the  incubation  period.    In  the  true  infective  processes,  then,  there 
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is  an  incubation  period.  The  length  of  this  is,  as  is  also  well  known,  different  in 
the  different  diseases,  and  it  marks  one  of  the  characteristics  of  the  particular 
disease.  But  in  the  same  disease  it  is  subject  to  more  or  less  marked 
variations,  depending  on  the  number  of  microbes  introduced,  on  the  sus- 
ceptibility of  the  individual,  and  on  other  conditions  not  yet  understood.  It 
has  been  shown  by  the  observations  of  Wyssokowitsch,  W.  Cheyne,  and  others 
that,  within  certain  limits,  the  number  of  microbes  introduced  influences  the 
length  of  the  incubation  period  and  even  the  severity  of  the  disease,  but 
beyond  a  certain  number  of  microbes  introduced  no  influence  is  noticeable. 
In  some  cases  of  very  great  susceptibility,  e.g.  rodents  towards  anthrax, 
pigeons,  fowls,  and  rabbits  towards  fowl  cholera,  the  influence  exerted  on  the 
duration  and  severity  of  the  disease  by  the  number  of  bacilli  originally  intro- 
duced is  very  slight  or  almost  nil,  while  in  other  diseases  it  is  very  marked,  as 
in  certain  septicsemic  disorders,  e.g.  malignant  oedema  and  swine  erysipelas. 
Here,  when  small  numbers  are  introduced,  the  incubation  period  becomes  very 
prolonged ;  in  maUgnant  oedema  this  prolongation  is  sometimes  very  consider- 
able, and  the  disease  is  mild.  The  writer  has  seen  in  several  cases  of  septicsemic 
infections  (guineapig's  septicaemia  caused  by  a  bacillus,  the  microbe  of  grouse 
disease,  the  bacillus  of  pneumonia,  Middlesbrough)  the  incubation  period  vary, 
according  to  the  amount  injected,  between  twelve  hours  and  two  to  four  days, 
whereas  in  the  case  of  the  bacillus  of  fowl  cholera  even  small  quantities 
act  like  large  doses,  no  change  in  the  incubation  period  bemg  noticed.  It 
is  feasible  to  assume  that  in  those  cases  of  shght  susceptibility,  where  con- 
siderable quantities  are  required  in  order  to  produce  the  disease,  this  is  due  to 
the  fact  that  the  blood  or  the  tissues  have  a  certain  killing  power  on  a  certain 
number  of  microbes  {see  the  experiments  of  Niessen,  Buchner,  Lubarsch,  and 
others  previously  mentioned),  which  killing  power  becomes,  however,  ex- 
hausted beyond  that  number  of  microbes.  If,  then,  more  than  this  number 
be  introduced  the  surplus  will  survive,  multiply,  and  cause  the  disease ;  if 
below  this  number,  no  hving  microbes  remain  and  no  disease  is  produced. 

The  coincidence  of  minor  severity  with  prolonged  incubation  noticed  in 
some,  though  by  no  means  in  all,  cases  of  infections  is  a  very  curious  phe- 
nomenon, and  may  possibly  be  due  to  the  fact  that  in  these  cases  a  smaU 
number  of  microbes  bemg  introduced,  they  by  gradual  multiplication  pro- 
duce only  sparingly  the  chemical  poison,  so  that  the  animal  body  has  time 
to  accommodate  itself,  as  it  were,  to  the  action  of  these  toxins  ;  and,  further, 
that,  owing  to  the  small  number  of  bacteria  introduced,  the  incubation 
period  becomes  prolonged,  the  total  amount  of  the  toxins  small,  and 
the  disease  itself  of  a  mild  type.  It  is  different  if  at  the  outset  a  large 
number  of  microbes  be  introduced ;  by  the  multiplication  of  these  at  once 
a  large  host  and  a  large  amount  of  toxins  is  produced,  and  the  body  not 
having  time  to  accommodate  itself,  being  as  it  were  suddenly  overtaken  by 
these  poisons,  rapidly  manifests  the  reaction  and  in  a  more  striking  and  severe 
form. 


CHAPTER  X 

MANNEB   OF  INFECTION    OR   CONTAGION 

The  way  in  which  the  microbes  or  contagia  enter  an  individual  is  subject 
to  considerable  differences,  differences  depending  on  the  conditions  of  the 
surroundings  as  well  as  on  certain  conditions  of  the  subject.  While  in  some 
diseases  the  contagium  enters  the  body  by  inoculation,  i.e.  through  an 
abrasion,  wound,  or  the  hke  in  the  skin  or  mucous  membranes ;  such  as  surgi- 
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cal  septicemia,  traumatic  erysipelas,  tetanus,  hydrophobia,  mahgnant  pustule, 
glanders  ;  in  others  the  alimentary  canal  or  respiratory  organs  or  both  are  the 
portals,  though  artificially  also  by  inoculation  the  disease  can  be  readily  pro- 
duced. Take  for  instance  anthrax  in  sheep  and  cattle ;  this  under  natural 
conditions  is  always  contracted  by  these  animals  through  the  spores  of  anthrax 
gaining  access  to  the  alimentary  canal  or  respiratory  tract ;  in  woolsorters' 
disease  also  by  the  alimentary  or  respiratory  tract ;  in  small-pox,  typhus,  scarlet 
fever,  measles,  foot-and-mouth  disease,  diphtheria,  tuberculosis,  actinomy- 
cosis by  the  respiratory  or  alimentary  canal ;  ^  in  typhoid  fever  and  in  cholera 
by  the  alimentary  canal ;  in  relapsing  fever  and  malarial  fever  by  the  respi- 
ratory organs.  That  in  cases  like  scarlet  fever,  diphtheria,  tuberculosis,  typhoid 
fever,  foot-and-mouth  disease,  cholera,  dysentery,  and  others,  infection  takes 
place  by  ingestion  of  the  contagium  by  articles  of  food — water,  milk,  fruit, 
and  other  materials — is  well  established.  The  division  of  bacteria  into 
ectogenio  and  endogenic,  first  introduced  by  v.  Naegeli,  is  accepted  by  many 
bacteriologists.  Ectogenic  are  those  pathogenic  bacteria  which  are  capable 
of  living  and  thriving  outside,  and  independent  of  the  animal  or  human 
body,  while  endogenic  are  those  pathogenic  microbes  which  can  only  thrive 
in  the  living  animal  body  :  the  former,  though  capable  of  carrying  on  life  as 
saprophytes,  can  also  exist  in  the  living  animal  body  as  parasites  producing 
a  specific  disease,  while  the  latter  exist  only  as  parasites.  Thus,  to  quote  a 
few  examples,  the  malarial  microbe  (plasmodium),  the  anthrax  bacillus, 
various  septicemic  microbes,  e.g.  of  malignant  oedema,  the  bacillus  of  typhoid 
fever,  of  cholera,  of  fowl  cholera,  fowl  enteritis,  swine  fever,  swine  erysipelas, 
tetanus,  human  erysipelas,  and  a  host  of  others,  are  all  ectogenic ;  while  the 
undiscovered  microbe  of  small-pox  and  vaccinia,  the  undiscovered  microbe  of 
rabies,  the  microbe  of  leprosy,  and  that  of  syphilis,  are  endogenic.  It  is  well 
known  that  rabies,  syphilis,  gonorrhoea,  and  vaccinia  have  never  been  known 
to  occur  other  than  by  direct  contact,  the  virus  being  transferred  directly  from 
one  individual  to  another.  While  for  general  practical  purposes  this  distinc- 
tion into  ectogenic  and  endogenic  contagia  may  be  admitted,  nevertheless, 
when  looked  at  from  a  theoretical  and  scientific  point  of  view,  its  correctness 
becomes  doubtful.  Take,  for  instance,  gonorrhoea  :  there  is  every  indication 
that,  as  in  syphilis,  so  also  in  gonorrhoea  the  microbe  is  ordinarily  only  of 
parasitic  nature ;  but  since  it,  i.e.  the  gonococcus,  can  be,  and  has  been  culti- 
vated in  artificial  cultures,  i.e.  outside  the  human  body,  there  is  no  reason 
whatever  to  assume  that  it  cannot  also  carry  on  existence  independent  of  the 
human  body.  Or  take  tuberculosis.  Here  also  the  microbe,  i.e.  the  bacillus 
tuberculosis,  is,  as  a  rule,  of  the  nature  of  a  parasite,  which,  though  it  can  grow 
well  in  certain  artificial  media  independent  of  the  animal  body,  does  not, 
under  natural  conditions,  carry  on  an  independent  existence  :  this  is  due  to  the 
fact  that  the  bacillus  tuberculosis  being  so  highly  specialised  requires  special 
media,  and  special  temperatures,  to  carry  on  existence,  conditions  not  met  with 
ordinarily  in  nature.  But  Schottelius  has  shown  ('  Centralbl.  f.  Bact.  und 
Parasit.,'  VII.,  No.  9)  that  tubercle  bacilli  taken  from  the  lung  of  phthisical 
bodies  buried  for  years  still  possess  the  characteristic  reaction,  and  are  capable 
of  producing  tuberculosis  on  inoculation.  This  would  mean  that  the  tubercle 
bacillus,  even  after  years,  was  still  living  and  capable  of  carrying  on  an 
existence  outside  the  living  human  or  animal  body,  and,  therefore,  is  not 
strictly  endogenic. 

1  Karkanoff  made  experiments  on  rodents  with  the  bacilli  of  fowl  cholera,  and  found 
,  that  with  these,  infection  is  producible  by  ingestion,  with  anthrax  very  rarely,  and  with 
Emmerich's  Naples  bacillus  not  at  aU.     He  thinks  that,  as  regards  anthrax,  infection 
probably  takes  place  principally  by  way  of  the  respiratory  organs. 
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Of  tlie  same  doubtful  nature  is  tlie  classification  into  fixed  and  miasmatic 
contagia.  In  former  years  this  distinction  was  much  used  in  practice  ;  the 
first  name  '  fixed  contagia '  was  meant  to  denote  those  contagia  which  in  the 
narrower  sense  of  the  word  act  by  contact,  i.e.  where  the  virus  passes  from 
the  sick  directly  to  the  healthy,  while  the  latter  name  '  miasmatic  '  indicated 
that  the  virus  spreads  not  by  direct  contact  but  is  volatile,  i.e.  communicates 
itself  to  the  air,  and  thence  finds  entrance  into  a  new  individual.  Those  con- 
tagia were  considered  as  a  third  group,  which  in  some  cases  proved  themselves 
to  be  either  fixed  or  miasmatic,  i.e.  in  some  cases  act  by  direct  contact,  in 
others  by  the  au\  But  since  the  contagia  have  been  proved  to  be  of  the 
nature  of  minute  microscopic  particulate  matter,  some  of  which  can  easily 
become  distributed  through  the  air  in  a  li^ing  and  active  state,  the  above  dis- 
tinction has  lost  somewhat  of  its  scientific  basis.  Take,  for  instance,  anthrax  : 
this  would  certainly  be  considered  as  a  fixed  contagium,  i.e.  the  anthrax 
bacilli  contained  in  any  material  derived  from  an  animal  dead  of  anthrax ; 
and  yet  we  now  know  that  the  spores  of  bacillus  anthracis  when  adhering  to 
dry  material  can  easily  become  distributed  through  the  air  and  produce  infec- 
tion, e.g.  woolsorters'  disease.  Or  take  diphtheria  :  this  was  always  considered 
to  be  a  disease  in  which  the  contagium  is  typically  a  '  fixed  '  one  ;  yet  why  the 
diphtheria  bacillus,  or  particles  of  matter  enclosing  the  diphtheria  bacillus, 
when  protected  from  drying  and  dying,  should  not  be  able  to  become  distri- 
buted through  the  air,  there  is  no  theoretical  reason  whatever.  As  a  matter 
of  fact,  some  health  officers  ascribe  to  sewer  air,  in  locahties  in  which  diph- 
theria cases  had  been  prevalent,  the  power  to  convey  to  the  healthy  the 
contagium  of  diphtheria.  That  diphtheria  can  be,  and  often  is,  communi- 
cated through  infected  milk,  there  can  be  no  manner  of  doubt,  and  there  can 
be  no  theoretical  reason  adduced  why  the  diphtheria  bacillus  enclosed  in  and 
guarded  by  albuminous  or  other  matter  fi'om  drying  up  (the  diphtheria 
bacillus  does  not  form  spores,  and  is  killed  by  thorough  drying)  should  not 
be  able  to  produce  infection  through  the  an-  into  which  it  had  become  distri- 
buted. From  a  practical  point  of  view,  it  is  perfectly  true  that  vaccinia, 
rabies,  tetanus,  glanders,  and  syphihs  are  not  communicated  by  the  medium 
of  air,  but  by  direct  contact,  i.e.  their  contagia  are  fixed,  and  it  is  equally  true 
that  malaria  and  relapsing  fever  are  naturally  communicated  as  miasmatic 
contagia  ;  but  when  we  come  to  anthrax,  variola,  tuberculosis,  erysipelas, 
pneumonia,  fowl  cholera,  swine  fever,  and  many  others,  the  distinction  breaks 
down,  and  we  have  then  to  speak  of  contagio-miasmatic  diseases. 

An  important  point  in  the  method  of  infection  is  the  question,  whether 
microbes  can  pass  the  uninjured  mucous  membranes.  The  opinions  of 
pathologists  are  divided :  some  maintain  that  such  is  the  case,  while  others 
doubt  it.  Those  who  are  for  such  a  passage  of  the  bacteria  into  the  uninjured 
membrane  rely  on  the  fact  ascertained  in  numerous  cases,  that  certain 
diseases  (small-pox,  syphilis,  tubercle)  have  been  transmitted  by  the  mother 
(in  human  beings  and  in  animals)  to  the  foetus  in  utero,  while  those  who 
doubt  the  passage  of  bacteria  through  the  uninjured  membranes  rely  on  the 
fact  that  in  equally  numerous  cases,  equally  well  established,  such  a  trans- 
mission did  not  take  place.  Now  it  must  not  be  omitted,  in  judging  of  this 
question,  to  bear  in  mind  that  the  individual  cases  in  which  the  disease  was 
or  was  not  transmitted  by  the  mother  to  the  foetus  must  be  judged  by  them- 
selves. For  instance,  there  have  been  cases  described,  in  which  in  cattle 
anthrax  has  been  certainly  transmitted  by  the  mother  to  the  foetus  ;  but  here 
it  must  be  remembered  that  ruptures  of  small  vessels  in  difl'erent  organs 
(lung,  intestine,  kidney)  is  of  a  common  occurrence  in  an  animal  affected  with 
mahgnant  anthrax,  and  there  is  no   reason  why  such  ruptures  of  vessels 
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and  hemorrhage  should  not  occasionally  occur  also  in  the  placenta.  The 
blood  of  such  an  animal,  containing  the  bacillus  anthracis,  could  in  these  cases 
of  ruptures  in  the  placenta  easily  get  into  the  vascular  system  of  the  foetus ; 
all  one  has  to  suppose  is  that  some  of  the  capillaries  of  the  foetal  placenta, 
at  one  or  the  other  point  of  hemorrhage  in  the  maternal  placenta,  might  also 
have  been  involved  in  the  process  of  destruction  by  pressure  or  otherwise. 
In  such  a  case  the  baciUi  might  easily  pass  into  the  vessels  of  the  foetal 
placenta,  and  further  into  the  foetal  circulation,  and  here  set  up  anthrax.  On 
•ihe  other  hand,  the  placenta  of  the  mother  might  remain  uninjured,  and  in 
3uch  a  case  no  bacilli  would  penetrate  from  the  mother  into  the  foetus,  which 
would  escape  anthrax  though  the  mother  died  of  it.  The  writer  has  in  several 
instances  had  the  opportunity  of  dissecting  guineapigs  and  mice  that  had 
died  (after  inoculation)  of  virulent  anthrax ;  there  were  present  in  these  animals 
several  foetuses,  whose  blood  and  spleen  were  carefully  examined  for  the 
bacilli  anthracis,  both  with  the  microscope  and  by  culture,  yet  no  baciUi 
could  be  discovered  in  the  foetus.  Sections  through  the  whole  placenta 
(maternal  and  foetal)  showed  very  clearly  that  the  bacilh  anthracis,  though 
abundant  in  the  vessels  of  the  maternal  portion,  stopped  short  of  the  vessels 
of  the  foetal  placenta  ;  in  fact,  there  could  be  seen  a  sharp  line  of  demarcation 
between  the  maternal  vessels  containing  the  bacilU  and  those  of  the  foetal 
vessels  free  from  them. 

Lingardhas  shown  for  anthrax  ('  Proceedings  of  theEoyal  Society,'  1889) 
that  it  is  possible  to  inoculate  with  anthrax  the  foetus  in  utero  of  the  rabbit, 
without  the  disease  being  communicated  by  the  foetus  to  the  mother  ;  in 
these  instances  the  biood  of  the  foetus  swarmed  with  anthrax  bacilli,  and  the 
foetus  of  course  died  of  anthrax,  yet  the  mother  remained  free  of  anthrax,  thus 
proving  that  the  bacilli  did  not  pass  from  the  vessels  of  the  foetal  placenta  into 
those  of  the  mother.  Although  hereditary  tuberculosis  of  the  offspring  is 
notoriously  a  common  occurrence,  tuberculosis  of  the  mother  need  not  neces- 
sarily always  be  communicated  to  the  foetus,  though  in  cases  of  experimental 
tuberculosis  in  the  guineapig,  tuberculosis  in  the  foetus  may  be  and  has  been 
occasionally  found :  this  notably  occurs  when  tubercles  are  present  in  the 
placenta. 

But  although  the  passage  of  microbes  from  the  maternal  circulation 
into  that  of  the  foetus  does  or  does  not  occur  according  as  the  placental 
vessels  are  or  are  not  involved  in  the  disease,  there  can  be  no  doubt  that 
microbes  can  pass  through  the  wall  of  the  intestine  and  become  absorbed  into 
the  system :  this  is  the  case  in  mycosis  intestinalis  ;  i.e.  anthrax  starting  from 
the  intestinal  canal ;  in  primary  intestinal  tuberculosis,  in  tabes  mesenterica, 
and  other  diseases.  Besides,  since  many  infectious  diseases  have  their  portals 
in  the  lungs  (small-pox,  measles,  tuberculosis,  typhus,  woolsorters'  disease, 
pneumonia,  ragsorters'  disease),  it  is  clear  that  a  passage  of  the  specific 
microbes  through  the  walls  of  the  alveoli  is  in  these  instances  a  notorious 
occurrence.  Similarly,  microbes  using  the  alimentary  canal  as  a  portal  must 
be  capable  of  becoming  absorbed  from  the  intestinal  canal ;  for  instance,  in 
milk  scarlatina,  and  in  typhoid  fever,  such  must  be  of  normal  occurrence.  A 
further  important  question  is  how  far  the  microbes  can  pass  unscathed  the 
influence  of  the  gastric  juice.  The  acidity  of  the  gastric  juice  (0'2  per  cent.) 
is  sufficient  to  kill  in  a  few  minutes  some  species  of  bacteria  which  are  non- 
spore-bearing,  but  it  is  doubtful  whether  in  all  cases  and  under  all  circum- 
stances such  an  effect  is  exerted  or  is  produced.  To  quote  a  few  instances 
only.  The  bacillus  prodigiosus  (micrococcus  prodigiosus)  is  a  non-spore-bear- 
ing microbe,  and  yet  readily  passes  the  stomach  in  a  Hving  state.  When 
added  to  the  food  of  animals  there  is  no  difficulty  in  demonstrating  it,  a  few 
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hours  after,  in  the  contents  of  the  small  intestine  :  the  bacillus  of  pneumonia 
(Middlesbrough)  is  a  non-spore-bearing  bacillus,  but  there  is  no  difficulty  in 
infecting  mice  with  it,  if  mixed  with  the  food  ;  the  micrococcus  scarlatinas 
is  non-spore-bearing,  but  the  writer  has  proved  that,  by  adding  it  to  the  food 
of  mice,  these  animals  become  infected  and  die  ;  the  bacillus  of  fowl  cholera 
and  of  fowl  enteritis  is  non-spore-bearing,  yet  under  natural  conditions  the 
alimentary  canal  is  the  portal  of  entrance,  the  animals  picking  up  the  con- 
tagium  with  their  food  from  the  tainted  soil ;  and  there  are  other  similar 
cases.  In  all  these  instances,  then,  though  the  microbes  are  non-spore- 
bearing,  they  escape  the  action  of  the  gastric  juice,  pass  into  the  intestine 
in  a  living  state,  become  absorbed,  and  produce  infection.  On  the  other 
hand,  it  has  been  proved  that  anthrax  bacilli  in  the  non-spore-bearing  state 
do  not  produce  infection  when  administered  with  the  food,  while  spores  of 
the  anthrax  bacilli  have  been  shown  to  pass  unscathed  through  the  stomach, 
and  in  some  cases  have  been  capable  of  setting  up  malignant  anthrax  (Falk, 
Koch,  Gaffky,  and  others).  Indeed,  under  natural  conditions,  we  must  sup- 
pose that  when  sheep  or  cattle,  grazing  and  sojourning  on  infected  soil,  con- 
tract infection  with  anthrax,  they  contract  it  by  spores  which,  having  entered 
into  the  stomach  with  the  food,  have  thence  passed  unscathed  into  the  small 
intestine,  and  by  becoming  absorbed  have  set  up  the  disease.  But  this  does 
not  apply  to  all  animals  and  to  all  cases  (Koch,  Buchart,  and  others),  since 
in  many  experiments,  e.g.  on  mice,  ingestion  of  spores  of  anthrax  bacilli 
has  failed  to  produce  fatal  anthrax,  while  in  other  cases  (Falk,  Koch,  and 
Gaffky)  it  certainly  has  been  followed  by  positive  results.  The  spirillum  of 
Asiatic  cholera  is  a  non-spore-bearing  microbe ;  it  is  killed  on  exposure  for  a 
few  minutes  to  the  action  of  hydrochloric  acid  of  0*2  per  cent.  (Koch,  Watson 
Cheyne) ;  yet  Macfadyean  has  shown  that  when  the  microbes  are  administered 
with  the  food  (milk)  to  dogs,  they  pass  unscathed  through  the  stomach,  while 
with  water  they  do  not  do  so.  Koch  and  others  have  shown  that  when  this 
microbe  is  administered  with  the  food  to  the  guineapig,  it  does  not  pass 
unscathed  through  the  stomach,  unless  the  contents  of  this  organ  be 
previously  made  neutral  or  alkaline  (see  a  further  chapter).  There  can 
then  be  no  doubt  about  the  fact  that  the  gastric  juice  has  an  inimical  effect 
on  many  non-spore-bearing  microbes,  but  it  does  not  follow — indeed,  experi- 
ence disproves  it — that  under  all  conditions  non- spore-bearing  microbes  are 
killed  in  their  passage  through  the  stomach.  Whether  the  cause  for  this  is 
to  be  found  in  particles  of  the  contents  of  the  stomach  not  becoming 
sufficiently  exposed  to  the  action  of  the  gastric  juice,  or  in  the  condition  of 
the  gastric  juice  itself — not  always  being  of  the  same  degree  of  acidity — or 
to  both,  or  to  some  other  condition,  is  undecided  ;  the  fact  remains  that  non- 
spore-bearing  microbes  administered  with  the  food  do  in  some  instances 
pass  unscathed  through  the  stomach,  spore-bearing  ones  easier  and  oftener. 
The  tubercle  bacilli,  which  as  experiment  proves  are  spore-bearing,  pass 
always  unscathed  through  the  stomach,  and  produce  tuberculosis  of  the 
intestine.     Anthrax  spores  often  pass  and  set  up  mahgnant  fatal  anthrax. 


CHAPTEE  XI 

DISINFUCTION 

In  the  foregoing  chapters  we  have  mentioned  various  agencies  which,  though 
not  destructive  of  the  hfe,  are  nevertheless  inimical  to  the  growth  and  multipU- 
cation  of  bacteria;  and  further,  other  conditions  which  are  capable  of  altogether 
destroying  their  life.     We  will  now  proceed  to  systematically  consider  these 
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agencies.  We  may  subdivide  them  into  two  great  categories,  just  indicated, 
viz.  influences  whicli  inhibit  the  growth  and  multiplication  of  bacteria,  these 
are  called  restraining  influences  ;  and  those  that  altogether  annihilate  the 
life,  these  are  called  killing  influences. 

A.    Kesteaining  Influences 

As  such  are  to  be  regarded  {a)  temperatures  below  12  to  14°  C.  and  above 
40  to  42°  C.  It  will  be,  however,  remembered  that  we  mentioned  several 
species  which  can  well  exist  a,nd  multiply  below  12  or  14°  C,  e.g.  some  water 
bacteria,  and  bacteria  in  the  soil ;  while  others,  e.g.  bacillus  thermophylus, 
grow  well  at  temperatures  far  above  42°  C.  There  exist  some  species  on  which 
temperatures  above  25°  C.  have  a  restraining  power,  e.g.  bacillus  prodigiosus, 
the  bacillus  of  veal  pie,  and  a  spore-forming  bacillus  of  dust ;  then  there  are 
other  species  on  which  a  temperature  below  25°  C.  has  a  restraining  power,  e.g. 
a  streptococcus  of  the  fluid  of  the  mouth,  the  streptococcus  of  Schiitz,  causing 
infectious  pharyngeal  abscess  in  the  horse,  the  diplococcus  pneumonia,  and 
the  tubercle  and  leprosy  bacilli. 

These  restraining  influences  of  certain  temperatures  do  not  possess  any 
direct  killing  effect  on  these  several  bacteria. 

(b)  Moisture. — Absence  of  sufficient  moisture  is  in  itself  a  powerful 
restraining  agency,  for  no  growth  can  take  place  if  the  amount  of  moisture 
is  insufficient.  In  a  dry  atmosphere  or  under  conditions  causing  dryness  or 
absorption  of  much  moisture,  e.g.  caustic  potash  or  soda,  quicklime,  or 
sulphuric  acid,  kept  side  by  side  with  the  culture  medium  in  a  closed  space, 
no  growth  takes  place. 

(c)  Light. — Diffuse  daylight  and  sunlight  have  a  restraining  power  on 
some  species  more  than  on  others,  for  all  bacteria  grow  best  in  the  dark. 
Direct  sunlight  has,  as  has  been  mentioned,  a  powerful  killing  power. 

(d)  Unfavourable  Soil. — Acidity  of  the  soil  is  a  powerful  restraining 
influence ;  in  many  cases,  if  strongly  acid,  exerting  a  killing  influence  on 
non-spore-bearing  bacteria.  Strong  alkalinity  of  the  medium  is  likewise  a 
restraining  condition.  The  presence  or  absence  of  certain  substances,  as  we 
have  seen,  is  a  powerful  influence  :  e.g.  the  presence  of  sugar  is  unfavourable 
to  some  bacteria,  while  it  favours  others  ;  the  presence  of  minute  traces  of 
phenol,  of  perchloride  of  mercury,  of  iodine,  the  absence  of  sodium  and 
potassium  salts,  and  particularly  the  absence  of  sufficient  proteid  material, 
have  each  a  powerful  restraining  influence  on  many  species  ;  the  presence  and 
accumulation  of  the  chemical  products,  a  result  of  the  multiplication  of  the 
bacteria  themselves,  have  a  restraining  influence  ;  the  presence  of  various  sub- 
stances such  as  occur  in  faecal  matter  acts  injuriously  on  the  multiphcation 
of  some  bacteria  ;  the  presence  of  other  more  vigorously  growing  bacteria 
interferes  with  the  growth  and  multiplication  of  some  less  vigorous  bacteria. 
Examples  of  this  kind  have  been  mentioned  in  a  former  chapter,  as  also  the 
influence  of  putrefaction  on  some  pathogenic  bacteria. 

The  methods  for  testing  the  restraining  power  of  carbolic  acid,  perchloride 
of  mercury,  and  others  are  briefly  these :  The  disinfectant  is  mixed  with 
nutrient  broth  or  nutrient  gelatine  in  definite  proportions ;  this  mixture  is 
then  inoculated  with  a  trace  of  the  bacterial  culture  in  the  ordinary  manner, 
and  on  incubation  the  result  is  watched,  viz.  whether  no  growth  appears, 
whether  the  growth  is  normal  both  as  to  time,  aspect,  and  amount,  or  whether 
it  is  retarded,  different  in  character,  and  less  in  amount. 

Carbolic  acid  added  to  the  nutritive  medium  in  the  proportion  of  1  in 
400  to  500  has  a  decided  restraining  power  ;  perchloride  of  mercury  added 
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1  :  20,000-50,000  has  a  restraining  power  on  some  (bacillus  anthracis, 
bacillus  mallei,  streptococcus  scarlatinse),  while  it  has  no  restraining  power  in 
these  proportions  on  others  (bacillus  subtilis,  spirillum  of  Finkler  and  Koch, 
staphylococcus  pyogenes  aureus,  bacillus  prodigiosus,  streptococcus  pyogenes, 
and  some  others).  In  these  latter  cases  the  amount  of  perchloride  required 
is  1  :  10,000,  or  even  greater. 

B.     Killing  Influences 

(a)  Temperature. — It  has  been  mentioned  that  with  few  exceptions  in 
all  non- spore-bearing  forms  of  bacteria  exposure  to  a  high  temperature,  such 
as  75°  C,  70°  C,  60°  C,  or  even  58°  C,  for  several  minutes  [70°  C.  for  one 
minute,  58°  0.  for  5  to  10  minutes]  kills  the  bacteria  ;  further  that  the 
spore -containiag  bacilli  and  the  free  spores  withstand  considerably  higher 
degrees  of  temperature.  Between  the  very  resistant  spores  found  in  some 
tinned  food-stuffs  by  Cohn  not  killed  by  exposure  to  the  temperature  of  boiling 
water  for  half  an  hour,  and  the  spores  of  bacillus  anthracis  killed  by  boiliag 
in  from  one  half  to  one  minute,  there  exist  all  intermediate  degrees  of 
resistance.  Thus,  for  instance,  the  spores  of  hay  bacillus  must  be  kept  in 
boiling  water  for  six  minutes  before  they  are  killed  with  certainty  ;  the 
spores  of  the  Jequirity  bacillus  do  not  survive  boiling  for  seven  minutes ;, 
the  spores  of  the  bacillus  filamentosus  of  sewage  are  killed  by  five  minutes' 
boiling ;  the  spores  of  the  scurf  bacillus  and  of  some  potato  bacilli  just  escape 
being  killed  by  five  minutes'  boiling. 

As  regards  the  killing  power  of  the  temperature  of  100°  C,  i.e.  of  boiling 
water,  it  has  been  shown  by  Koch  and  others  that  flowing  steam,  i.e.  steam 
in  movement,  is  the  most  efficient,  dry  heat  the  least  efficient.  Dr.  Parsons's 
report  to  the  Medical  Officer  of  the  Local  Government  Board  in  1886  on 
Disinfection  by  Heat  gives  a  full  account  of  the  means  employed  and  the 
results  obtained.  The  spores  dried  on  silk  threads  previously  sterilised,  or  on 
bits  of  calico  or  flannel  previously  sterilised,  are  exposed  directly  to  the  high 
temperature,  and  with  them  inoculation  is  made  of  broth  tubes  or  of  gelatiue 
plates  and  the  result  watched.  Or,  in  order  to  test  their  resistance  to  boiling 
water,  sterile  broth  is  inoculated  with  the  spores  from  a  pure  culture,  and  this 
broth  tube  is  then  exposed  to  the  temperature  of  boiling  water  (over  the  flame) 
for  the  desired  time.  If  the  influence  of  water  of  any  given  degree  up  to 
100°  C.  is  to  be  tested  on  bacteria  or  their  spores,  broth  tubes  are  inoculated 
with  the  culture  and  exposed  to  the  desired  temperature  in  an  apparatus  which 
is  described  in  the  report  of  the  Medical  Officer  of  the  Local  Government  Board 
for  1889.  The  writer  has  found  it  easy  to  keep  the  temperature  of  the  water 
in  the  apparatus  constant  by  a  small  flame  of  the  Bunsen  burner ;  alterations 
of  quarter  to  half  a  degree  Centigrade  are  the  utmost  differences  noticeable. 
The  temperature  of  the  broth  in  the  test  tubes  is,  as  a  rule,  equalised  within 
half  a  minute  to  about  half  a  degree  Centigrade,  so  that  if  it  is  desired  to  expose 
the  broth  in  the  test  tubes  to,  say,  60°  C,  the  temperature  of  the  water  in  the 
apparatus  is  kept  at  60  to  60- 5°  C.  When  the  tubes  have  been  kept  in  the 
water  for  the  desired  period  they  are  taken  out  and  at  once  placed  in  cold  water, 
so  as  to  immediately  stop  any  further  influence.  Just  like  broth  tubes,  gela- 
tine tubes  can  also  be  heated,  and  then  with  these  plate  cultivations  cai^i  be 
made.  Owing  to  the  great  resistance  of  spores  to  high  temperatm-e,  differentia- 
tion of  spores  from  a  mixture  of  bacteria  can  be  easily  made  by  heating  the 
mixture  up  to  80-90°  C,  for  all  bacteria  except  the  spores  are  hereby  killed 
without  fail,  the  spores  remaining  ahve.  For  example,  if  a  culture  containing 
spores  of  hay  bacillus,  that  happens  to  be  coutamiQated  by  micrococci  and 
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non-spore-bearing  bacilli,  be  heated  to  a  temperature  of  80  to  90°  C.  and 
then  from  it  fresh  broth  or  gelatine  be  inoculated — as  tubes  or  as  plate  cultiva- 
tions— the  result  will  be  pure  cultures  of  the  hay  bacillus  only. 

(b)  Drying. — By  thorough  and  complete  drying,  all  bacteria  are  killed, 
except  spore-bearing  ones  and  the  spores  themselves.  The  spores  of  all 
the  known  species  resist  drying  for  indefinite  periods.  The  writer  has  kept 
the  spores  of  various  potato  bacilli,  of  bacillus  anthracis,  of  hay  bacillus,  of 
scurf  bacillus  and  of  Jequirity  bacillus,  contained  in  agar  tubes,  in  a  perfectly 
dry  state,  i.e.  the  tubes  were  kept  in  a  closed  desiccator  over  sulphuric 
acid  till  the  agar  covered  by  the  culture  had  dried  up  into  a  thin  shrivelled 
film  : — and  yet  even  after  two  years  and  a  half  on  inoculating  fresh  mate- 
rials from  the  above  tubes  typical  and  good  growths  were  obtained.  Non- 
spore-containing  bacteria,  e.g.  various  species  of  staphylococci,  various 
species  of  streptococci,  bacilli  of  typhoid  fever,  of  swine  fever  and  swine 
erysipelas,  Koch's  and  Finkler's  spirilla,  bacilli  of  pneumonia,  bacilli  of 
fowl  enteritis  and  fowl  cholera,  of  grouse  disease,  as  well  as  a  number  of 
other  species  of  bacteria,  were  kept — as  agar  cultures — in  the  incubator  till 
these  latter  had  well  dried  up ;  no  sub-cultures  could  then  be  raised  from  any 
of  them.  On  drying  non-spore-bearing  bacteria  over  sulphuric  acid,  in  a  brisk 
current  of  air,  or  simply  placing  a  very  thin  film  on  cover-glasses  in  the 
manner  employed  by  Koch  and  leaving  them  till  dry,  such  as  the  bacillus  an- 
thracis of  the  blood  or  spleen,  Koch's  or  Finkler's  spirilla,  the  bacillus  of  typhoid 
fever,  staphylococci  or  streptococci,  bacillus  of  swine  erysipelas  or  swine  fever, 
bacillus  of  pneumoniae  (Middlesbrough),  bacillus  of  fowl  enteritis  and  fowl 
cholera,  and  many  others,  and  then  placing  these  cover-glasses  in  broth  or  on 
gelatine  and  incubating  them,  no  growth  of  the  above  bacteria  takes  place.  If 
the  drying  is  not  complete,  that  is,  if  the  film  be  too  thick,  so  that  the  super- 
ficial layer  forms  a  protecting  crust  for  the  rest,  then  the  result  of  inocula- 
tion with  such  material  will  be  positive  ;  the  bacteria  in  the  depth,  having 
been  protected  against  drying,  survive,  and  can  produce  a  new  crop. 
Similarly  when  particles  of  solids  containing  bacteria  are  dried,  it  will  be 
found  that  here  also  the  centre  escapes  thorough  drying,  being  protected  by  a 
superficial  crust.  Ordinary  dust  particles,  however  small,  are  never  so  dry  that 
the  bacteria  contained  in  them  are  killed.  The  proof  of  this  is,  that  numerous 
species  of  non-spore-bearing  bacilli  and  of  micrococci  can  be  cultivated  from 
dust,  be  it  dust  floating  in  the  air  as  motes  visible  to  the  eye  only  by 
Tyndall's  searching  beam  of  light,  or  be  it  dust  of  a  floor  or  of  the  wall  of  a 
room,  or  on  any  other  object. 

(c)  Light. — The  disinfecting  power  of  the  direct  sunlight  has  been 
mentioned  above. 

{d)  Chemical  Disinfection. — Koch,  his  pupils,  and  others  have  tested  a 
variety  of  substances,  such  as  alcohol,  iodine,  lime,  carbolic  acid,  sulphate  of 
iron,  permanganate  of  potassium,  tar,  arsenic,  perchloride  of  mercury,  and 
others.  As  is  obvious,  according  to  the  nature  of  the  bacteria,  according  to 
the  strength  of  the  solution  and  the  time  of  exposure,  the  result  will  be  found 
different :  for  example,  bacilli  anthracis  of  the  blood,  i.e.  sporeless  bacilli,  are 
killed  by  5  per  cent,  carbolic  acid  in  five  minutes,  but  they  are  not  injured  by 
1  per  cent,  carbolic  acid  in  five  minutes.  Bacilli  anthracis  of  the  blood  are 
killed  by  1  :  20,000  perchloride  of  mercury  after  ten  minutes'  exposure,  but 
remain  uninjured  after  five  minutes'  exposure. 

The  methods  used  most  efficiently  for  testing  the  killing  power  of  any 

reagent  are  these :  (a)  exposure  of  the  bacteria  to  the  reagent  in  solution  ; 

either  by  mixing  a  trace  of  the  culture  with  a  comparatively  large  amount  of 

the  reagent,  or  by  placing  in  the  reagent  silk  threads,  a  piece  of  blotting- 
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paper,  or  otiier  similar  material  previously  charged  with  the  culture,  and 
then  inoculating  with  a  trace  from  this  about  8  to  10  c.c.  of  sterile  broth, 
contained  in  a  test-tube,  and  exposing  this  to  a  temperature  of  from  35  to 
37°  C,  or  making  plate  cultivations  in  gelatine. 

If  growth  appears,  note  the  rapidity  and  character  of  the  growth  as 
compared  with  control  tubes,  i.e.  tubes  inoculated  with  the  non-medicated 
bacteria  ;  if  doubtful  whether  the  growth  is  of  the  right  character  and  pure, 
make  fresh  plate  cultivations. 

(/3)  If  the  bacteria  possess  definite  pathogenic  power,  inject,  after  exposure 
to  the  reagent,  a  small  quantity  of  the  medicated  culture  into  a  suitable 
animal  and  watch  the  result.  We  will  illustrate  this  by  giving  three  examples  : 
(1)  Koch's  cholera  spirilla;  (2)  anthrax  bacillus  of  blood;  and  (3)  spores  of 
bacillus  anthracis. 

(1)  Koch's  CJwlera  Spirilla. — From  an  active  culture  a  droplet  is  mixed 
with  the  disinfectant,  contained  in  a  test-tube  plugged  with  cotton  wool,  or  in 
:a  sterilised  watch-glass  covered  up  with  another  watch-glass  ;  after  the  lapse  of 
the  desired  time,  by  means  of  the  capillary  pipette  or  the  platinum  hook 
inoculation  is  made  from  the  mixture  into  a  broth  tube  containing  about 
8-10  c.c.  and  into  a  gelatine  tube  ;  the  former  is  placed  in  the  incubator  at 
35-37°  C,  the  latter  is  melted,  shaken,  and  a  plate  cultivation  is  made.  If  the 
broth  remains  clear  after  forty-eight  hours'  and  longer  incubation,  and  if  no 
-characteristic  colonies  ajppear  in  the  plate,  the  spirilla  have  been  kiUed  by 
the  disinfectant. 

(2)  A  droplet  of  blood  of  the  heart  or  spleen  of  an  animal  dead  of  anthrax 
is  mixed  as  above  with  the  disinfectant ;  after  the  lapse  of  a  certain  time 
inoculation  is  made  of  broth  tubes,  of  gelatine  tubes  for  plate  cultiva- 
tion, of  gelatine  tubes  in  stab  cultures,  and  at  the  same  time  a  guineapig  is 
inoculated  with  several  drops  of  the  mixture.  If  the  bacilli  have  been  killed 
by  the  disinfectant,  none  of  the  tubes  and  plates  will  show  the  characteristic 
growth  of  the  bacilh  anthracis,  and  the  animal  remains  perfectly  normal ;  but 
if  the  bacilh  have  not  been  killed,  either  of  two  results  follow  ;  {a)  either 
the  tubes  show  normal  growth  in  the  normal  time,  and  the  animal  succumbs 
to  anthrax  ia  the  normal  time — thirty-six  hours  to  three  days — or  (6)  the 
growth  resulting  on  inoculation  is  retarded  and  smaller  in  amount,  and  the 
animal  though  showing  swelling  at  the  seat  of  inoculation  does  not  die  of 
anthrax,  or  dies  after  a  prolonged  period  (six,  seven,  or  even  nine  days). 
In  the  latter  case  the  bacilli  have  evidently  been  injured  though  not  kiUed 
"by  the  disinfectant. 

(3)  A  trace  of  spores — from  an  agar  or  broth  culture,  or  from  a  potato 
culture — is  dried  on  sUk  threads,  and  these  are  then  placed  in  a  solution  of 
the  disinfectant  for  a  stated  time  and  then  placed  in  broth  or  gelatine ;  or 
a  trace  of  the  spore  material  is  mixed  as  above  in  a  test-tube  or  watch-glass 
with  the  disinfectant.     The  testing  of  the  efi"ect  is  carried  out  as  in  (2). 

Of  all  disinfectants  hitherto  examined,  perchloride  of  mercury  solution 
deserves  the  first  place  as  a  thorough  disinfectant,  for  a  solution  of  1  :  500  (one 
grain  to  about  one  ounce  of  water)  applied  to  any  material  containing  spores  of 
even  the  most  resisting  kind,  e.g.  those  of  hay  bacillus,  or  of  tubercle  bacilli, 
sterilises  the  spores  after  an  application  not  lasting  more  than  a  minute  ;  one  in 
a  thousand  sterilises  most  though  not  all  spores  when  acting  from  five  to  ten 
minutes  ;  one  in  five  thousand  kills  all  non-spore-bearing  forms  with  certainty, 
even  after  one-half  to  one  minute's  immersion.  In  the  application  of 
perchloride  of  mercury  as  of  aU  those  agencies  which  have  an  affinity  to  pro- 
teids  either  by  coagulating  them,  as,  for  instance,  alcohol,  and  perchloride  of 
mercury,  or  by  oxidishig  them,  e.g.  sulphate  of  iron,  and  permanganate  of 
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potassium,  or  by  decomposing  them  like  chlorinated  lime — it  must  be  borne 
in  mind  that  if  any  material  containing  proteids  is  to  be  subjected  to  disinfec- 
tion, the  disinfectant  must  be  added  in  considerable  excess  in  order  to  make 
allowance  for  the  waste  necessary  in  the  action  on  the  proteids  themselves,  so 
that  sufficient  of  the  active  disinfectant  remains  to  kill  the  bacteria.  Thus, 
for  instance,  in  the  case  of  typhoid  stools,  cholera  stools,  tubercular  sputum, 
sputum  of  croupous  pneumonia,  &c.,  a  considerable  excess  of  the  disinfectant 
must  be  added,  whereas  in  experiments  with  pure  cultures,  taking  of  these  a 
trace  only,  the  excess  need  not  be  so  great. 

Besides  perchloride  of  mercury,  5  to  10  per  cent,  carbolic  acid,  chlorinated 
lime,^  iodoform,  iodine,  bromine,  tar  (1  per  cent.),  and  lime,  are  good  disin- 
fectants. With  this  latter  the  writer  has  had  occasion  to  make  a  considerable 
number  of  experiments  to  test  its  disinfecting  power  on  various  bacteria, 
both  as  lime  milk  and  as  lime  with  herring  brine  (the  amine  process).  In 
the  latter  case,  viz.  lime  and  brine,  the  amount  of  lime  is  effective  in  smaller 
proportions  than  when  lime  alone  is  used.  Seventy  grains  of  lime  and  six 
grains  of  herring  brine  to  the  gallon  of  water  are  mixed  and  then  imme- 
diately added  to  the  fluid  which  is  to  be  disinfected  ;  a  voluminous  precipitate 
is  formed,  which  soon  settles  to  the  bottom  of  the  vessel ;  while  the  super- 
natant liquid  is  clear  and  practically  sterile.  In  the  case  of  non-spore-bearing 
microbes  the  precipitate  is  not  quite  sterile,  but  the  living  microbes  become 
in  a  few  days  reduced  to  a  large  extent. 

In  the  case  of  sewage  the  amine  treatment  yields  a  practically  sterile 
effluent,  and  in  the  sludge  the  number  of  surviving  microbes  diminishes  from 
day  to  day.  The  effect  of  milk  of  lime  has  been  tested  for  comparison  on  a 
good  many  species  of  bacteria,  and  its  disinfecting  power  when  used  in  the 
same  proportion  of  strength  was  found  to  be  considerably  less. 


Section  B 

CHAPTER  XII 

SFECIFIC   OB  PATHOGENIC  BAGTEBIA 

Suppuration  and  Acute  Phlegmon. — Acute  phlegmon  is  a  disturbance  of 
the  connective  tissue  initiated  by  vascular  alteration.  This  alteration  manifests 
itself  in  engorgement ;  the  arteries,  capillaries,  and  veins  are  dilated  and  filled 
with  blood,  the  circulation  in  the  arteries,  capillaries,  and  veins  is  at  first  ac- 
celerated, then  it  becomes  slower  in  the  capillaries  and  veins,  and  the  blood  in 
some  of  these  ultimately  undergoes  stasis.  These  changes  have  been  observed 
under  the  microscope  by  Cohnheim,  and  have  been  graphically  described  by 
him  in  Virchow's  'Archiv,'  Band  XL.  At  the  same  time  diapedesis  of  red 
corpuscles  (in  capillaries),  particularly  emigration  of  white  blood-corpuscles  (in 
capillaries  and  veins)  and  exudation  of  plasma  (in  arteries  and  veins),  occur, 
whereby  the  connective  tissue  of  these  parts  becomes  swollen,  the  bundles 
more  or  less  separated  one  from  another,  and  the  lymph-spaces  of  the  con- 
nective tissue  filled  with  plasma,  red  and  particularly  white  corpuscles.  As 
the  process  continues  the  matrix  of  the  connective  tissue  undergoes  retrograde 
changes,  both  in  its  fibrous  matrix  and  in  the  connective  tissue  corpuscles  : 
the  fibrous  matrix  breaking  down,  many  of  the  connective  tissue  corpuscles 

*  Nissen  on  chlorinated  lime  as  disinfectant,  Zeitschr.  f.  Hygiene,  VIII.  1. 
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swelling  up,  becoming  vacuolated,  and  ultimately  degenerating ;  but  active 
changes,  enlargement  and  division  of  these  are  also  maintained  by  some 
observers  (Strieker  and  Norris).  The  increase  of  leucocytes  or  roand  cells 
in  the  connective  tissue  both  by  continued  emigration  as  well  as  active 
division  of  those  that  have  emigrated  leads  to  the  formation  of  at  first  small 
cells,  then  according  to  the  size  of  the  inflamed  area  to  large  accumulations 
of  them  :  these  are  the  pns-cells,  which  when  localised  form  an  abscess. 

As  this  accumulation  of  leucocytes  and  plasma  proceeds,  the  connective 
and  other  tissues  around  it  become  gradually  involved  in  the  process ;  the 
phlegmon  and  abscess  enlarge  at  the  expense  of  these  tissues,  and  they 
themselves  undergo  degenerative  changes  and  are  broken  down.  In  con- 
sequence of  this,  when  in  the  skin  or  in  mucous  membranes  the  surface  is 
gradually  reached,  the  abscess  discharges  itself  and  an  open  sore  or  ulcer  is 
established  ;  then  the  process  of  granulation,  healing,  and  cicatrisation  com- 
mences from  the  tissue  next  to  the  base  of  the  ulcer. 

It  is  not  our  object  to  trace  and  describe  all  the  details  of  the  pathological 
^changes  going  on  in  the  connective  and  other  tissues  during  this  process  of 
phlegmon,  nor  the  localisation  of  the  accumulation  of  leucocytes,  as  abscess, 
nor  the  ulceration  and  healing,  but  we  wiU  limit  our  description  to  their 
fundamental  causes. 

In  all  acute  phlegmons,  either  of  the  nature  of  diffuse  infiltration  with 
much  plasma  and  relatively  few  leucocytes  (oedema),  or  with  comparatively 
little  plasma  and  many  leucocytes  (purulent  inflammation  and  abscess),  the 
leucocytes  or  round  cells  form  the  most  conspicuous  formed  elements  ;  as  to 
other  formed  elements,  notably  the  micro-organisms  present,  a  clear  insight 
can  only  be  had  if  the  inflammatory  matter,  exudation,  or  pus  be  taken  from 
a  phlegmon  or  abscess  which  is  still  removed  from  the  free  surface  ;  for  the 
matter  taken  from  an  exposed  surface,  such  as  an  open  sore  of  the  skin  or 
mucous  membrane,  or  the  exudation  of  the  surface  of  an  inflamed  mucous 
membrane,  as  in  catarrh,  contains  various  species  of  microbes,  as  was 
mentioned  in  a  former  chapter,  not  necessarily  connected  with  the  diseased 
process  ;  besides,  an  inflamed  tissue,  particularly  one  in  which  there  is  a  good 
deal  of  breaking  down  of  the  tissue  elements  going  on,  is  a  suitable  soil  for 
the  growth  and  multiplication  of  various  kinds  of  saprophytes  not  having 
any  relation  to  the  disease. 

In  acute  abscess,  preparations  made  of  the  inflammatory  matter  or  of  the 
pus,  taken  from  the  depth,  reveal  in  most  cases  micrococci  (Ogston,  Eosenbach) 
in  variable  numbers  ;  they  are  found  either  singly  or  in  dumb-bells,  or  even  in 
short  chains,  or  in  smaller  or  larger  clumps  ;  as  a  rule,  most  are  suspended 
in  the  plasma ;  here  and  there  one  sees  them  attached  to  the  surface  of  a  pus 
cell,  or  to  the  surface  of  a  particle  of  cUhris  or  other  elements  not  pus  cells, 
e.g.  epithelial  or  connective-tissue  cells,  muscle  fibres,  or  connective-tissue 
bundles,  &c.,  or  one  finds  them  enclosed  within  the  substance  of  pus  or 
other  cells.  In  sections  through  phlegmonous  tissue  one  sees  them  in  more 
or  less  continuous  masses  pervading  the  tissue,  in  lymph-clefts  and  in  blood- 
vesselsin  which  stasis  has  occurred,  particularly  in  the  parts  most  disorganised. 
These  micrococci  stain  readily  by  the  ordinary  methods,  and  when  cultiva- 
tions (streak  cultures  or  plate  cultivations)  are  made  of  such  pus,  either  one 
of  the  following  species,  or  sometimes  two  together,  can  be  isolated  in  large 
numbers  of  colonies  {see  the  literature  on  the  subject  by  Eosenbach,  Paltauf, 
Bonone,  and  others). 

(1)  Staphylococcus  pyogenes  aureus  liqucscens. — This  is  the  most  common 
species  in  acute  purulent  inflammation,  and  in  sores  following  the  discharge 
of  abscess.     As  its  name  staphylococcus  indicates,  it  forms  by  rapid  multipH- 
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cation  masses  and  aggregations  ;  its  colonies  in  gelatine,  and  particularly  on 
agar,  have  a  more  or  less  yellowish-orange  tint,  and  it  rapidly  liquefies  gela- 
tine. In  gelatine  plate  cultivations  the  colonies  appear  on  the  second  day  as 
minute  whitish  yellow  dots,  which  during  the  third  day  in  transmitted  light 
have  a  brownish  tint,  and  are  situated  in  a  somewhat  depressed  pit,  due  to 
the  gelatine  surrounding  it  having  become  liquefied.  During  the  fourth  and 
fifth  days  the  circular  colony  increases  in  size,  and  assumes  in  reflected  light 
a  more  or  less  orange  tint,  the  liquefaction  has  become  considerable,  forming 
a  broad  clear  circular  zone  around  the  colony,  which  has  sunk  to  the  bottom 
of  the  liquefied  zone,  the  zone  of  liquefied  gelatine  remaining  clear  and 
limpid.  In  stab  culture  in  gelatine  the  stab  is  indicated  as  early  as  the 
second  day  as  a  line  of  whitish  dots  more  or  less  closely  placed  together. 
Liquefaction  begins  from  the  upper  part  of  the  stab  ;  during  the  third  and 
fourth  days  the  liquefaction  is  considerable,  the  droplet-like  dots  are  deposited 
at  the  lower  end  of  the  channel  of  liquefaction,  and  are  of  a  golden  yellow 
colour,  the  liquefied  gelatine  being  clear  and  limpid.  In  streak  cultures  on 
agar  the  streak  is  indicated  by  a  broad  band,  smeary  like  paint,  and  of  a 
golden  yellow  colour ;  the  band  rapidly  increases  in  breadth,  is  moist  looking, 
and  its  outline  is  more  or  less  knobbed  ;  after  a  few  days  (four  to  six)  at  37°  C. 
the  band  reaches  its  maximum  growth,  and  its  colour  then  gradually  becomes 
paler,  which  change  may  go  on  till  it  is  only  just  slightly  yellowish  tinted. 
In  broth  at  37°  C.  it  grows  very  rapidly  {see  a  former  page)  and  produces 
strong  uniform  turbidity. 

This  micrococcus,  as  stated  above,  is  very  common  in  pus  of  acute  abscess  ; 
it  is  present  also  in  many  other  purulent  inflammations,  primary  and  secondary, 
acute  osteo-myelitis,  catarrhal  inflammations  of  various  kinds.  There  is  one 
important  addition  to  be  made  to  what  has  been  just  stated  as  to  its  biological 
character,  and  that  is  that  there  exist  several  varieties  of  this  microbe, 
slightly  different  one  from  another  :  the  differences  consist  in  the  rapidity  of 
the  growth,  in  the  rapidity  of  the  liquefaction  of  the  gelatine,  and  in  the  tint 
of  the  colour  of  the  growth  on  nutrient  agar.  The  writer  has  isolated  from 
pus  of  acute  traumatic  abscess  in  the  human  subject  a  staphylococcus  aureus 
liquescens,  exactly  like  the  one  described  above  as  the  typical  staphylococcus 
aureus  liquescens  ;  while  from  the  pus  in  acute  abscess  of  the  udder  of  the 
cow  a  staphylococcus  aureus  liquescens  was  isolated,  that  grows  more  slowly 
than  the  former,  which  liqu.efies  more  slowly,  and  of  which  the  colour  on 
nutrient  agar  is  less  golden  and  fades  more  rapidly ;  then  from  infectious 
ulcer  of  the  teats  and  udder  of  cows  (Wiltshire  disease),  and  from  the  infectious 
ulcer  of  the  teats  of  cows  affected  with  the  Edinburgh  disease,  a  staphy- 
lococcus aureus  liquescens  was  isolated,  which  in  all  media  except  broth 
compares  with  the  typical  staphylococcus  aureus  ;  again,  from  opaque  human 
vaccine  a  staphylococcus  aureus  liquescens  was  isolated,  which  behaved 
like  the  typical  human  staphylococcus  aureus  liquescens,  except  that  it  did 
not  fade,  and  its  colour  on  agar  was  and  remained  deep  golden ;  from  the 
blood  of  grouse  dead  of  the  grouse  disease  the  writer  obtained  a  staphylo- 
coccus aureus  liquescens,  which,  though  the  same  as  the  typical  staphylo- 
coccus aureus  liquescens  of  human  pus  in  broth  and  gelatine,  produced 
on  agar  only  a  faintly  yellow  tinted  growth.  Finally  the  writer  has 
several  times  come  across  staphylococcus  aureus  (from  blood,  from  air, 
from  dust)  which  did  not  liquefy  gelatine,  but  in  all  other  respects  was 
similar  to  the  classical  staphylococcus  aureus. 

The  typical  staphylococcus  aureus  liquescens  of  human  pus  and  phlegmon, 
while  recent,  produces  abscess  and  purulent  phlegmon  on  inoculation  under 
the  skin   of  rabbits  and  guineapigs,  but   it  gradually  loses  this  power  on 
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continued  sub-cultures  ;  besides,  tbe  amount  necessary  to  produce  purulent 
inflammation  must  be  always  considerable.  Bujwid  ('  Centralbl.  f.  Bact.,' 
1889)  has  shown  that  the  pyogenic  power  of  this  microbe  is  enhanced  by- 
simultaneous  injection  of  a  12  per  cent,  sugar  solution. 

Occasionally  inflammation  and  metastatic  abscesses  are  produced  in  the 
rabbit  in  the  lungs,  in  the  pericardium  and  peritoneum,  the  liver  and  spleen 
by  intravascular  injection  of  large  quantities  of  this  organism.  In  aR 
these  localities  the  staphylococcus  aureus  liquescens  can  be  demonstrated 
in  cover-glass  specimens  and  by  cultivation.  (For  its  relation  to  ulcerative 
endocarditis  see  a  further  page.) 

Acute  purulent  abscess  of  the  marrow  of  tubular  bones  in  the  rabbit 
has  been  produced  by  Becker  on  injecting  the  staphylococcus  aureus  liques- 
cens, traumatic  injuries  of  the  bones  having  been  previously  estabhshed ; 
hence  it  is  probable  that  acute  purulent  osteo-myelitis  also  in  the  human 
subject  is  the  result  of  an  infection  with  the  staphylococcus  aureus  liquescens.^ 
The  writer  has  made  numerous  experiments  with  some  of  the  species  of  the 
staphylococcus  aureus  hquescens  above  mentioned,  but  has  not  been  able  to 
produce  pathogenic  results. 

Duclaux  and  especially  Heydenreich  (St.  Petersburg,  1888)  describe  the 
presence  of  staphylococcus  aureus  (or  a  variety  of  itj  as  the  cause  of  the 
chronic  purulent  disease  known  as  the  'Aleppo  bubo'  or  the  'Pendje 
tumour  ; '  tumours  appear  on  the  skin  of  the  face  and  extremities,  which  in 
the  course  of  a  year  soften  into  abscess,  open,  and  then  heal.  Duclaux 
found  the  cocci  even  in  the  blood.  Cultures  of  it  injected  into  rabbits 
produced  local  gangrene,  and  in  large  doses  septictemic  infection. 

(2)  Staphylococcus  pyogenes  alius  liquescens. — This  organism  differs 
from  the  former  only  in  the  fact  that  its  colonies  on  gelatine  are,  and  remain, 
white  in  reflected  light  ;  on  nutrient  agar  it  forms  a  moist-looking  whitish 
uncoloured  film.  Its  power  of  liquefaction,  and  the  rate  of  its  growth,  are 
the  same  as  in  the  former.  This  staphylococcus  albus  liquescens  is  common 
in  pus,  both  of  acute  abscess  as  also  in  various  kinds  of  purulent  matter ; 
it  is  found  in  air,  in  dust,  and  in  acute  and  chronic  inflammations  ;  it  is  also 
found  in  secondary  inflammation,  such  as  in  purulent  pyemic  inflammations 
in  the  joints,  in  the  glands,  in  the  serous  membranes,  in  the  lungs,  following 
infectious  diseases  like  small-pox,  diphtheria,  scarlet  fever,  and  typhoid  fever. 
In  pus  of  acute  abscess,  and  in  purulent  catarrhal  inflammation  (rhinal,  bron- 
chial, vaginal,  urethral,  conjunctival),  it  is  easy  to  isolate  this  species  by  plate 
cultivation.  "When  its  culture  is  obtained  from  any  purulent  matter,  and  is 
subcutaneously  inoculated  in  rabbits  or  guineapigs  in  sufficient  quantities, 
it  produces  acute  purulent  inflammation,  either  as  general  diffuse  pm'ulent 
inflammation,  at  and  about  the  seat  of  inoculation,  or  as  locahsed  abscess. 
By  continued  sab-culture  it  soon  loses  this  pathogenic  power.  Several  (one 
to  two)  cubic  centimetres  of  a  recent  broth  culture  injected  into  a  vein  of  a 
rabbit  produce  death  in  a  few  days  by  disseminated  inflammation  and 
abscesses  in  the  viscera,  in  all  of  which  the  staphylococcus  albus  liquescens 
can  be  demonstrated  by  cover-glass  specimens  and  culture.  Acute  septicsemic 
infection,  and  death  in  twenty-four  to  thirty-six  hours,  are  occasionally  pro- 
duced in  rabbits,  the  blood  of  the  general  circulation  containing  the  microbes 
in  large  numbers. 

(3)  Staphylococcus  pyogenes  albus  non-liquescens  is  another  species, 
occasionally  obtained  from  phlegmon  and  pus.     As  its  name  indicates,  it 

'  On  the  relation  of  staphylococcus  aureus  to  osteo-myelitis,  and  the  experimental 
production  of  the  latter  by  intravenous  injection  of  the  former,  see  Eodet  [Revue  d& 
Chirurgie,  1885),  and  particularly  Liibbert  (Wiirzburg,  1886). 
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is  white  in  streak  cultures  on  gelatine  and  agar,  and  it  does  not  liquefy 
gelatine ;  it  grows  rapidly,  but  not  so  rapidly  as  either  of  the  two  previous 
ones ;  its  colonies  are  more  or  less  round  whitish  dots.  Also  of  this 
there  exist  various  species,  differing  from  one  another  in  some  details,  e.g. 
in  rapidity  of  growth,  in  outline  of  streak  cultures,  and  in  size.  In  broth, 
the  differences  are  more  pronounced,  since  one  produces  more  turbidity  than 
another,  one  causes  a  greater  precipitate  than  another,  and  one  causes 
something  like  a  pellicle,  the  others  not.  The  staphylococcus  albus  non- 
liquescens  is  found  in  many  other  materials  besides  phlegmon  and  pus,  e.g. 
occasionally  in  air,  dust,  and  soil,  in  the  secretions  of  the  nose  and  fauces,  also 
in  drinking  water  and  in  sewage  ;  from  many  putrid  materials  several  varieties 
can  be  isolated. 

Obtained  from  phlegmon,  and  inoculated  into  the  subcutaneous  tissue  of 
rabbits  and  guineapigs,  purulent  inflammation  follows  in  a  certain  percentage 
of  cases,  provided  large  quantities  be  injected. 

(4)  Staphylococcus  pyogenes  cereus  albus  (non-liquescens)  and  staphy- 
lococcus pyogenes  citreus  (non-liquescens). — The  first  differs  from  the  pre- 
vious one  in  that  its  colonies  and  its  streak  cultivation  are  of  a  waxy  white 
appearance ;  the  colonies  grow  in  the  course  of  a  week  or  so  into  round  flat 
patches,  they  are  thin,  flat,  and  more  or  less  sharply  outlined,  more  or  less 
dry,  and  look  like  white  wax.  This  is  not  often  obtained  from  phlegmonous 
tissue.  It  is  not  unfrequently  obtained  from  vaccine  lymph.  No  result  is 
obtained  on  inoculation  into  animals.  The  second  of  the  two,  as  its  name 
indicates,  forms  greenish  yellow  growths. 

(5)  Streptococcus  pyogenes  (Ogston,  Eosenbach,^  Krause,  Passet). — This 
occurs  frequently  in  acute  phlegmon,  though  it  is  oftener  found  in  the  fluids 
and  tissues  of  chronic  purulent  processes,  in  pneumonia,  in  necrotic  and 
purulent  matter  of  secondary  infections  :  in  abscess  and  necrosis  of  lymph 
glands,  of  the  liver,  in  synovial  and  serous  cavities  following  or  associated 
with  ulceration  of  the  skin  and  mucous  membranes.  This  microbe  forms 
longer  or  shorter  chains  when  grown  in  fluid  media ;  on  solid  media  the 
chains  are  not  very  pronounced.  Its  colonies  grow  slowly  on  gelatine  ;  after 
two  or  three  days  they  appear  as  whitish  grey  dots,  which  only  gradually 
enlarge ;  on  the  surface  they  grow  into  irregularly  outlined,  more  or  less 
circular  patches,  thicker  in  the  middle  than  at  the  periphery,  which  latter 
becomes  gradually  serrated  or  irregularly  fringed  ;  the  colonies  grow  better 
on  the  surface  than  in  the  depth  of  the  gelatine,  where  they  remain  small 
droplets.  In  stab  cultures  in  gelatine  the  stab  is  indicated  after  two  days  as  a 
grey  or  whitish  line,  which  under  the  microscope  is  made  up  of  closely  placed 
minute  droplets  ;  in  streak  culture  the  line  of  inoculation  is  indicated  after 
two  to  three  days  by  a  series  of  minute  grey  or  white  dots :  these  increase 
in  size  and  number,  as  growth  proceeds,  but  the  streak  is  always  made  up 
of  separate  dots,  which  when  closely  placed  become  more  or  less  fused  one 
with  another.  After  about  a  week's  growth  the  streak  and  colonies  are 
white  when  seen  in  reflected  light,  light  brown  in  transmitted  light. 

The  streptococcus  pyogenes  obtained  from  pus  or  fluid  of  acute  phlegmon 
or  of  pus  of  chronic  abscess  forms  fine  long  chains  in  broth  or  in  the 
condensation  fluid  in  agar  tubes.  In  broth  at  35-37°  C.  it  forms  a  uniform 
slight  turbidity  after  two  to  three  days ;  then  flakes  appear  which  at  the 
bottom  of  the  tube  form  a  more  or  less  coherent  viscid  whitish  precipitate. 
In  this  stage  cover-glass  specimens  show  long  curved  chains  of  the  character 
shown  in  fig.  27. 

'  Eosenbacli :  MiJcroorganismen  bei  den  Wund-Infectionskra?ikheiten  des  Menscheny 
Wiesbaden,  1884. 
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When  recent  cultures  are  inoculated  into  the  subcutaneous  tissue  of 
rabbits,  a  distinct  blush  and  slight  swelling  is  noticed  after  twenty-four  hours, 
after  forty-eight  hours,  or  at  latest  after  three  days,  the  blush  has  passed  away  ; 
in  some  instances  the  swelling  at  the  seat  of  inoculation  increases,  and  a 
minute  abscess  is  noticed  now  or  during  the  next  following  days.  In  guinea- 
pigs  a  thickening  and  inflammation  are  noticeable  at  and  about  the  seat  of 
inoculation  after  a  day  or  two,  which  increases  during  the  next  few  days, 
but  in  most  cases  has  passed  away  by  the  end  of  the  week ;'  in  very  few 
instances  a  purulent  abscess  is  found  after  four  or  five  days.  In  white  mice, 
in  only  a  small  percentage  of  cases  is  an  abscess  formed ;  but  if  large  quanti- 
ties are  injected,  necrosis  of  the  subcutaneous  tissue  occurs,  and  in  some  in- 
stances acute  fatal  septicemia,  i.e.  death  after  thirty-six  to  forty-eight  hours. 
In  these  cases  the  spleen  is  found  enlarged  and  all  the  viscera  greatly  congested  ; 
in  the  blood  and  the  spleen  the  streptococci  can  be  demonstrated  by  cover- 
glass  specimens  and  by  culture.  In  the  rabbit  intravascular  injection  of  even 
large  quantities  produces  no  result,  unless  the  animal  has  been  previously 
made  ill  by  the  injection  of  toxic  substances  ;  under  these  conditions  a  general 
infection  with  the  streptococci  is  produced,  and  the  animal  dies  in  two  to 
five  days  ;  ulcerative  endocarditis  is  noticed,  if  previous  to  the  injection  injury 
to  the  aortic  valves  has  been  produced  (Wyssokowitsch). 

It  is  maintained  by  many  observers  that  the  streptococcus  pyogenes,  such 
as  occurs  in  acute,  sub-acute,  and  chronic  phlegmon,  is  always  the  same 
species,  and  is  identical  with  the  one  isolated  by  Fehleisen  in  erysipelas.  The 
writer  is  confident  that  the  name  streptococcus  pyogenes  does  not  cover 
only  one  species,  but  is  the  name  of  a  group  of  different  species,  varying 
in  many  details,  though  they  all  have  a  number  of  characters  in  common ; 
only  on  closer  observation  in  the  different  media  and  by  the  result  of  inocu- 
lation of  animals  can  these  differences  be  made  out.  The  streptococcus 
pyogenes  obtained  from  acute  phlegmon  is  most  decidedly  not  the  same  as 
the  streptococcus  pyogenes  which  is  obtained  from  chronic  necrosis ;  it  is 
not  the  same  as  that  obtained  by  Fehleisen  from  erysipelas ;  nor  is  it  the 
same  as  that  obtained  by  the  writer  from  scarlatina,  although  they  may  and 
do  occur  together ;  e.g.  in  erysipelas,  both  the  streptococcus  pyogenes  and 
the  streptococcus  erysipelas  were  found  together  by  Fehleisen,  the  former  in 
the  older  or  central,  the  latter  in  the  younger  or  peripheral  part  of  the 
erysipelatous  patch.  In  scarlatinal  cervical  glands  the  writer  found  the 
streptococcus  pyogenes  together  with  the  streptococcus  scarlatina  ;  so  also 
in  the  ulceration  of  the  teat  in  the  Hendon  cow  disease,  in  the  superficial 
part  of  the  ulcer  the  former,  in  the  depth  of  the  inflamed  skia  and  subcuta- 
neous tissue  the  latter,  was  found.  In  the  secondary  inflammatory  foci 
following  scarlatina  and  diphtheria,  the  streptococcus  pyogenes  has  been 
isolated  by  Loffler  and  others,  and  also  in  the  cutaneous  eruption  of  infantile 
hereditary  syphilis. 

To  say  that,  because  the  streptococcus  pyogenes  of  acute  and  chronic 
phlegmon  is  in  its  cultural  characters  extremely  similar  to  the  streptococcus 
erysipelatos,  both  are  identical,  would  be  illogical  and  contrary  to  clinical 
observation.  An  acute  simple  phlegmon  or  ulcer,  acute  or  chronic,  is  not 
erysipelas,  this  latter  being  as  well  defined  an  acute  infectious  disease  as,  say, 
anthrax  is,  both  as  to  its  pathology  and  symptoms.  Streptococcus  pyogenes 
is  found  in  the  tissue  of  many  ulcerations,  yet  no  erysipelas  follows ; 
streptococcus  pyogenes  is  obtained  occasionally  from  pustules,  yet  in  these 
cases  there  is  no  sign  of  any  erysipelas.  Streptococcus  pyogenes  obtained 
from  acute  or  chronic  abscess  and  inoculated  as  recent  cultures  into  the 
rabbit's  ear  does  not  produce  that  distinct  erysipelas  that  Fehleisen's  true 
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streptococcus  erysipelatos  does.  Some  observers  find  no  difference  in  the 
result  of  inoculation  into  the  rabbit's  ear  between  the  streptococcus  pyogenes 
of  acute  phlegmon  and  the  streptococcus  isolated  from  erysipelas ;  but 
this  might  be  due  to  the  fact  that  they  had  not  got  hold  of  the  streptococcus 
erysipelatos,  although  taken  from  erysipelas,  or  that  they  used  an  attenuated 
culture.  It  is,  however,  right  to  mention  that  the  streptococcus  erysipelatos 
by  continued  sub-culture  loses  gradually  the  power  of  producing  erysipelas. 

The  streptococcus  pyogenes  as  obtained  from  acute  or  chronic  phlegmon 
is  not  identical  with  the  streptococcus  shown  by  Koch  to  cause  progressive 
necrosis  in  mice,  although  both  are  extremely  alike.  The  streptococcus 
pyogenes  is  not  identical  with  some  species  of  streptococcus  which  can  be 
obtained  from  the  fluid  of  the  mouth,  from  soil,  and  from  ulcers.  There  are 
streptococci  which  though  similar  to  the  streptococcus  pyogenes  are  yet  not 
identical,  e.g.  a  streptococcus  obtained  from  ulcers  on  the  teats  of  cows 
(Wiltshire  disease),  which  does  not  grow  at  temperatures  above  25°  C.  ;  a 
streptococcus  from  the  fluid  of  the  mouth,  which  does  not  grow  below 
25°  C.  ;  Schiitz  described  a  streptococcus  connected  with,  and  causing 
infectious  pharynx-abscess  in  the  horse  (Druse),  which  does  not  grow  below 
25°  C. ;  Loffler  obtained  a  streptococcus  articulorum  from  diphtheria ;  Fltigge 
described  a  streptococcus  malignus  which  causes  acute  septicaemia  in  mice  ; 
Nicolaier  described  a  streptococcus  septicus  which  he  found  in  soil.  All 
these  streptococci  are  similar,  and  only  on  careful  cultural  and  experimental 
observation  can  they  be  distinguished  from  one  another,  though  some  of 
them  with  difficulty,  even  under  these  conditions. 

(6)  Micrococcus  tetragonus  is  occasionally  found  in  pus.  Gaffky  first 
described  it  in  the  purulent  sputum  of  pulmonary  tuberculosis,  but  it  has  been 
of  late  years  also  found  in  other  localities,  notably,  purulent  inflammations 
connected  with  tubercle.  The  chief  character  of  the  coccus  is  its  arrangement 
in  fours.  It  grows  fairly  rapidly  in  gelatine,  forming  round  yellow  colonies, 
on  the  surface  of  the  gelatine  white  prominent  droplets.  This  microbe  acts 
virulently  on  mnce  and  guineapigs,  particularly  on  the  former,  which  on  sub- 
cutaneous inoculation  with  small  doses  succumb  in  the  course  of  three  or 
four  days  from  septicsemia,  the  blood-vessels  of  all  viscera  containing  the 
microbes. 

(7)  Bacillus  pyocyaneus  is  the  microbe  found  in  blue-green  pus — in  fact, 
it  is  the  organism  which  produces  the  blue-green  colour.  Gessard  and  Charrin 
(Gessard :  These  de  Paris,  1882.  Charrin :  Communication  a  la  Societe 
anatomique,  December  1884)  first  described  the  microbe.  Gessard  particularly 
isolated  the  blue  pigment  produced  by  it,  pyocyanin.  When  isolated  by 
gelatine  plates  from  blue-green  pus  the  microbe  grows  as  translucent  colonies 
irregular  in  outline  and  showing  a  fine  radial  striation,  the  gelatine  gradually 
assuming  a  greenish  colour.  The  gelatine  is  hquefied  and  of  a  uniformly 
greenish  colour ;  on  agar  it  forms  a  white  film,  while  the  agar  becomes 
tinted  greenish  ;  on  potato  it  forms  a  brownish  film,  while  the  substance 
of  the  potato  underneath  assumes  a  greenish  colour.  It  has  pathogenic 
action  on  guineapigs.^  Under  the  microscope  it  is  an  extremely  minute 
and  thin  cylindrical  rod  {see  fig.  28). 

(8)  Bacillus  pyogenes  fcetidus  of  Passet  is  the  bacillus  which  is  found  in 
malodorous  pus.  This  microbe  is  a  short  rod,  generally  arranged  as  dumb- 
bells :  it  shows  sluggish  motility,  and  is  about  1'45  /x  long  and  0"58  jj.  thick. 

*  When  a  few  divisions  up  to  half  a  Pravaz  syringe  of  the  broth  culture  be  injected 
subcutaneously,  the  animals  become  ill  and  die  in  from  two  to  four  days,  showing 
peritonitis,  pericarditis,  and  pleuritis,  with  copious  membranous  and  purulent  exudation, 
which  contains  abundantly  the  bacilli. 
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In  gelatine  plates  it  forms  round  wliite  colonies,  thicker  in  the  centre  than  in 
the  periphery.  On  potato  it  grows  as  a  brown  thick  film.  Small  doses  inocu- 
lated in  animals  produce  no  effect,  larger  doses  sometimes  abscess.  (Passet.) 
Karlinski  gives  as  the  result  of  a  large  number  of  observations  on  purulent 
matter  of  man  the  following  list  ('  Centralbl.  f.  Bact.  und  Parasit.,'  VII., 
No.  4,  p.  115):— 
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Mastitis,  36  cases 
Subcutaneous     abscess,    3C 
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Phlegmon,  24  cases 
Puruncle,  20  cases 
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Abscess  of  gums,  10  cases 
Hordeolum,  10  cases    . 
Otitis  media,  4  cases    . 
Carbuncle,  4  cases 
Osteomyelitis,  3  cases  . 
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The  three  species,  staphylococcus  pyogenes  aureus,  staphylococcus 
pyogenes  albus,  and  the  streptococcus  pyogenes,  from  their  distribution 
deserve  then  the  most  close  consideration,  and  the  question  that  at  once 
presents  itself  is  this.  Are  these  microbes  the  cause  of  the  disease  ?  There 
can  be  little  doubt  from  what  we  have  seen  above,  that  experimentally  the 
three  species  can  produce  primarily  inflammation,  and  there  can  be  also  no 
doubt  that,  in  a  variety  of  secondary  inflammations  in  man,  following  some- 
times other  infectious  disorders,  as  scarlatina,  diphtheria,  variola,  typhoid 
fever,  measles,  one  or  the  other  species  of  these  microbes  is  found  in  the 
foci  of  those  secondary  inflammations.  Now,  it  may  be  admitted  that  their 
presence  in  these  secondary  foci  might  not  be  the  primary  cause  of  the  foci, 
but  only  the  result,  for  it  is  quite  possible  to  imagine  that,  from  one  cause 
or  another,  a  loss  of  vitality  of  a  particular  tissue  having  been  estabhshed, 
these  microbes  derived  from  a  diseased  surface  can  pass  into  such  a  dis- 
organised tissue,  and  can  here  multiply  {see  above,  Wyssokowitsch's  experi- 
ments). That  the  actual  inflammation  and  suppuration  in  these  secondary 
foci  are  due  to  these  microbes,  is  shown  by  the  fact,  that  experimentally  they 
can  produce  suppuration.  That  also  in  the  primary  inflammation  and  sup- 
puration these  microbes  play  an  essential  rdle,  i.e.  are  really  the  cause  of 
the  inflammation  and  suppuration,  is  extremely  probable.  It  is  a  notorious 
fact  that  in  many  traumatic  lesions  of  the  skin  no  suppuration  follows,  while 
in  others  neither  more  nor  less  extensive,  suppuration  sets  in.  Thus,  for 
instance,  splinters  of  wood,  glass,  wire,  &c.,  inserted  under  the  skin  are 
sometimes  followed  by  a  shght  reaction,  which  passes  off  in  a  day  or  two, 
and  is  not  followed  by  any  suppuration,  but  on  other  occasions  cause  marked 
inflammation  and  suppuration. 

A  traumatic  injury  even  of  considerable  extent  produced  under  aseptic  con- 
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ditions  and  treated  aseptically,  as  is  the  case  in  Lister's  and  similar  methods, 
as  a  rule  heals  by  first  intention,  and  does  not  lead  to  suppuration,  whereas 
under  other  conditions  suppuration  follows  as  a  rule.  A  blow  by  which  the 
surface  of  the  skin  is  not  broken  does  not,  as  a  rule,  lead  to  suppuration, 
though  in  some  few  instances  it  is  followed  by  suppuration.  These  facts 
seem  easily  explained  on  the  assumption  that  in  one  set  of  cases  the 
pyogenic  staphylococci  and  streptococci  do  not  happen  to  enter  into  the 
wound,  e.g.  in  some  cases  of  splinters,  or  are  kept  out  of  the  wound,  e.g.  in 
aseptic  treatment,  and  therefore  no  phlegmon  and  no  suppuration  follow, 
while  in  the  other  set  of  cases  one  or  the  other  species  finds  entrance,  and 
then  by  its  multiplication  causes  suppuration.  From  this  it  must  not,  how- 
ever, be  concluded  that  every  kind  of  phlegmon  and  suppuration  is  caused 
by  the  pyogenic  microbes  ;  for  it  is  well  known  that  such  is  not  the  case ;  a 
burn,  or  an  injection  under  the  skin  of  chemical  irritants  (e.g.  oleum  crotonis, 
turpentine,  alcohol,  ammonia,  tincture  of  iodine,  tuberculin,  &c.)  produces 
phlegmon  and  suppuration.  Besides,  various  kinds  of  infectious  phlegmons 
and  suppurations  are  caused  by  other  than  pyogenic  micrococci,  as  will  be 
evident  by-and-by  (e.g.  tubercle,  glanders,  actinomycosis). 

A  further  consideration  in  connection  with  the  pyogenic  micrococci  is 
this  :  like  some  saprophytic  microbes,  the  pyogenic  micrococci  also — at  any 
rate  in  some  instances — produce  noxious  chemical  substances  ;  if  large  quan- 
tities of  these  are  produced  at  the  primary  seat  of  inflammation,  and  are 
absorbed  into  the  system,  a  condition  similar  to  sapr^mia  is  set  up,  manifesting 
itself  by  rigors,  and  fever  temperature  with  or  without  intestinal  disturbances  ; 
and  it  is  precisely  under  such  conditions  of  depressed  vitality  that  an  invasion 
of  the  whole  body  by  the  microbes,  from  the  primary  seat  of  inflammation  and 
suppuration,  may  occur.  As  a  result  of  such  an  invasion,  secondary  foci  of 
inflammation  follow  in  the  lymph  glands,  internal  viscera,  bones  and  joints, 
with  the  formation  of  metastatic  abscesses.  Such  secondary  foci  of  suppura- 
tion running  a  sub-acute  or  chronic  course  represent  pycBmia,  or  if  the 
invasion  is  copious  and  universal  an  acute  septicamia  is  the  result.  In  the 
latter  case  a  general  congestion  of  the  viscera,  and  swelling  of  the  spleen,  will 
be  found,  and  on  microscopic  examination  of  sections  of  the  lungs,  liver, 
kidneys,  and  the  lymphatic  glands,  signs  of  diffuse  or  localised  foci  of  in- 
flammation— sometimes  more,  sometimes  less  abundant — will  be  apparent. 
It  seems  feasible  to  assume  that  in  those  cases  in  which  no  pyaemia  and  no 
septicemia  follow  a  primary  inflammation  and  suppuration,  no  secondary 
successful  invasion  by  pyogenic  microbes  has  taken  place  ;  and,  further,  that 
if  a  secondary  invasion  does  occur,  it  is  due  to  the  absorption  of  noxious 
chemical  substances  and  a  general  depression  of  the  vitality  of  the  blood 
and  tissues.  It  cannot  be  assumed  that  no  absorption  of  the  pyogenic 
microbes  occurs,  for  there  is  nothing  that  would  prevent  those  microbes 
from  finding  their  way  frcm  any  primary  focus  of  inflammation  or  suppura- 
tion into  the  lymphatics  and  into  the  blood-vessels ;  but  though  this  must 
be  assumed  to  occur  under  all  conditions,  their  settling  down  and  multiplying 
does  not  take  place  under  all  conditions,  since  as  a  matter  of  fact  not  all 
primary  inflammations,  be  they  traumatic  or  be  they  associated  with  specific 
infectious  diseases,  are  followed  by  pyaemia  or  septicemia  ;  on  the  contrary, 
it  is  rather  the  exception  that  such  is  the  case.  The  reason  for  this  absence 
of  secondary  foci  of  inflammation  and  abscess  (pyaemia)  or  of  a  general  and 
acute  flooding  of  the  system  with  the  living  pyogenic  microbes  must  be 
sought  in  the  normal  power  of  the  blood  and  tissues  to  destroy  those 
microbes  ;  but  if  this  power  be  inhibited  or  exhausted,  e.g.  by  the  absorption 
of  chemical  septic  substances  and  injury  to  the  vitality  of  the  tissues,  or  if 
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the  number  of  the  microbes  absorbed  be  too  large,  then  a  secondary  infec- 
tion will  be  the  result. 

Pycemia,  i.e.  disseminated  phlegmons,  and  suppurations  in  distant 
localities  (lymph  glands,  internal  viscera,  bones  and  joints),  is  therefore  to  be 
regarded  as  due  to  a  secondary  infection,  i.e.  an  invasion  by  the  pyogenic 
microbes,  settling  down  and  multiplying  in  various  distant  locaUties,  and 
there  causing  inflammation  and  suppuration ;  and  it  is  a  sub- acute  or  chronic 
process  as  compared  with  certain  forms  of  septiccsmia  caused  by  a  copious 
and  general  flooding  of  the  system  with  the  pyogenic  micrococci.  This 
must  be  further  distinguished  from  the  septic  intoxication  caused  by  the 
absorption  of  septic  chemical  substances  in  sufficient  quantities,  produced  at 
the  seat  of  the  primary  inflammation,  which  in  itself  may  be,  and  in  all  pro- 
bability is,  that  which  initiates  and  facilitates  those  secondary  infections. 

In  caries  of  the  teeth,  various  species  of  micrococci,  bacilh,  and  vibrios 
occur ;  the  former  two  have  been  found  to  form  continuous  masses  filling  the 
dental  tubules  of  the  affected  parts  and  the  neighbourhood,  but  whether 
they  are  the  primary  cause  of  the  disease  remains  yet  to  be  proved  experi- 
mentally. 

Miller  has  given  in  '  Mikroorganismen  der  Mundhohle,'  Leipzig,  1889, 
numerous  careful  observations  on  the  microbes  of  the  diseased  teeth  and 
jaw ;  also  David  in  '  Les  Microbes  de  la  Bouche,'  Paris,  1890. 

Various  necrotic  processes  in  the  viscera — necrotic  foci  in  the  kidneys, 
liver,  cornea,  and  other  organs — have  been  observed  in  man  and  animals  {see 
Baumgarten,  '  Lehrbuch  der  patholog.  Mycologie,'  I.)  in  which  the  necrotic 
foci  were  clearly  due  to  the  presence  of  streptococci ;  but  all  these  must  not 
be  considered  as  belonging  to  a  single  species  of  the  streptococcus  pyogenes, 
as  is  done  by  Baumgarten  and  others. 

A  progressive  necrosis,  leading  to  death  in  a  few  days,  has  been  observed 
in  mice  by  Koch,  the  tissue  being  invaded,  and  the  necrosis  caused  by  a 
streptococcus. 

In  the  Aleppo  bubo,  Riehl  found  numerous  cocci  in  the  round  cells  con- 
stituting the  tumour,  but  they  have  not  been  cultivated. 

Ulceeativb  Endocaeditis 

In  the  experiments  by  Wyssokowitsch  with  streptococcus  pyogenes,  men- 
tioned above,  the  cultures  were  injected  into  the  vascular  system  of  rabbits 
whose  aortic  valves  had  been  previously  injured  ;  the  result  was  ulcerative 
endocarditis  with  copious  multiplication  of  the  microbe  on  the  endocardium. 
In  human  ulcerative  endocarditis,  the  blood-vessels  of  the  heart  muscle  near 
the  ulcerated  endocardium  are  found  plugged  with  crowds  of  micrococci ;  so 
also  the  tissue  of  the  endocardium  contains  numerous  continuous  smaller  or 
larger  masses  of  cocci,  and  the  ulcerated  surface  is  almost  covered  with  a 
continuous  layer  of  them;  the  characteristic  papiUiform  filamentous  and 
fringe-like  projections  from  the  endocardium  in  the  verrucous  form  of  endo- 
carditis are  themselves  sometimes  covered  with  them,  and  contain  numerous 
cocci  in  their  tissue.  Experiments  by  plate  or  tube  cultivation  yield  pure 
cultures  of  these  cocci;  in  some  cases  they  belong  to  the  species  above 
described  as  staphylococcus  aureus  liquescens  ;  in  others  they  are  the  species 
described  as  staphylococcus  albus  ;  and  in  others  again  they  belong  to  the 
species  of  streptococcus,  probably  streptococcus  pyogenes. 

Weichselbaum,  Wyssokowitsch,  Ziegler,  Bonone,  Ilare,  and  Prudden 
found  in  some  cases  of  ulcerative  endocarditis  the  staphylococcus  pyogenes 
aureus,  but  in  others  the  staphylococcus  albus  or  streptococcus  pyogenes. 
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Netter  found  the  bacillus  pneumoniae  of  Friedlander ;  and  Weichselbaum 
describes  cases  of  ulcerative  endocarditis,  some  of  which,  were  associated 
with  the  diplococcus  pneumoniae,  others  with  the  streptococcus  pyogenes, 
and  others  again  with  both.  F.  W.  Andrewes  made  numerous  observations 
and  experiments  on  staphylococcus  pyogenes  aureus,  in  connection  with 
ulcerative  endocarditis.  He  found  that  the  staphylococcus  aureus  taken  from 
acute  abscess  (mastitis)  when  injected  into  the  vascular  system  of  rabbits  is 
capable  of  producing  foci  of  inflammation  in  the  kidney,  in  the  interior  of 
the  aorta,  and  in  the  myocardium  of  the  ventricles  of  the  heart.  In  some 
cases  of  human  ulcerative  endocarditis  he  found  the  staphylococcus  aureus, 
in  others  the  streptococcus  pyogenes. 

Eeysipelas 

In  erysipelas,  the  skin  in  its  whole  thickness  is  the  seat  of  inflammation. 
In  this  process  the  skin  appears  swollen  and  red,  the  redness  is  more 
or  less  sharply  outlined,  serrated,  and  it  and  the  swelling  gradually  spread  into 
larger  areas,  but  as  the  redness  and  swelling  spread  in  the  periphery,  in  the 
middle  parts  the  skin  becomes  again  livid.  In  microscopic  sections  the 
skin  is  immensely  congested  in  the  red  parts,  the  blood-vessels  greatly  dis- 
tended and  filled  with  blood,  the  connective  tissue  is  oedematous  and  con- 
tains leucocytes ;  these  are  chiefly  present  in  the  superficial  layer  of  the 
corium,  and  from  here  extend  into  the  stratum  Malpighii ;  in  the  livid  parts 
the  number  of  leucocytes  is  greatly  increased,  and  they  pervade  all  parts 
of  the  corium  more  or  less  uniformly.  In  the  peripheral  red  portions,  the 
lymphatics  are  greatly  distended  and  plugged  by  micrococci  (Lukkomsky), 
and  it  is  this  condition  which  induces  the  congestion  of  the  vessels  and 
the  exudation  of  the  lymph  and  leucocytes.  As  the  multiplication  of  the 
micrococci  increases  and  spreads,  the  nearest  lymphatics  become  filled  and 
plugged  with  them,  and  this  again  causes  congestion  of  the  blood-vessels 
of  this  part,  and  exudation  of  lymph  and  leucocytes,  and  in  this  way  the 
redness  and  swelling  follow  the  multiplication  of  the  micrococci  in  the  lym- 
phatics. In  the  parts  first  affected  the  congestion  passes  off  first,  but  the 
lymphatics  remain  plugged  with  the  cocci,  and  then  many  of  them  are  also 
found  outside,  i.e.  in  the  connective  tissue  of  the  skin  (Ziegler) ;  at  the  same 
time  the  number  of  leucocytes  here  greatly  increases,  and  they  are  found  to 
form  a  diffuse  infiltration  of  the  subcutaneous  tissue,  the  corium,  the  papillary 
layer  and  of  the  stratum  Malpighii.  In  the  variety  of  erysipelas  known  as 
erysipelas  bullosum,  small  cavities  appear  in  the  superficial  layer  of  the 
stratum  Malpighii ;  these  cavities  as  in  other  inflammations  of  the  skin  (e.g. 
foot-and-mouth  disease,  vaccinia,  variola)  are  due  to  the  accumulation  of  lymph 
in  the  interstices  (cement  or  interstitial  substance)  of  the  epithelium  ;  a  few 
leucocytes  also  find  their  way  into  these  cavities.  As  the  lymph  increases 
in  these  cavities  the  epithelial  cells  surrounding  them  become  degenerated 
and  break  down  ;  the  inter- epithelial  spaces  and  lacunae  are  smallest  in  the 
red  part,  they  increase  towards  the  oldest  or  livid  part,  and  here  they  attain 
such  size  that  they  become  more  or  less  confluent,  separated  only  by  thinner 
filamentous  septa,  the  remains  of  compressed  streaks  and  trabeculae  of 
epithelial  cells  ;  all  these  cavities  contain  cocci,  clear  lymph,  cUbris  of  epi- 
thelial cells,  and  leucocytes ;  the  central  or  largest  bullae  extend  from  the 
stratum  corneum  down  to  the  corium,  and  when  the  former  breaks,  the 
highly  infiltrated  corium  becomes  exposed. 

Fehleisen  has  shown  ^  that  the  cocci  in  the  lymphatics  of  the  red  marginal 
'  Fehleisen,  Die  Aetiologie  des  Erysi]^els,  Berlin,  1883. 
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part,  as  also  from  the  deep  parts  of  the  skin  in  the  central  portions,  are  the 
streptococci  of  erysipelas,  but  that  besides  these,  streptococcus  pyogenes  can 
also  be  obtained  from  the  superficial  layers  of  the  central  parts  and  from 
those  of  the  peripheral  parts.  The  streptococcus  erysipelatos  can  be  easily 
cultivated  from  the  fluid  of  the  marginal  red  part  in  the  genuine  erysipelas, 
such  as  occurs  sometimes  as  a  special  acute  febrile  disorder,  involving  the 
face,  neck,  and  scalp.  The  writer  has  had  two  such  cases  where  genuine 
erysipelas  with  high  fever  occurred  in  adults ;  it  commenced  in  the  face 
and  spread  from  here  over  the  upper  part  of  the  neck,  on  the  forehead 
and  all  over  the  scalp ;  the  temperature  was  102-5°  on  the  evening  of  the 
third  day,  and  the  erysipelas  was  of  the  bullous  kind,  viz.  as  the  redness 
passed  into  the  periphery  the  older  livid  part  became  bullous,  then  the 
surface  dried  up  into  brown  scales,  which  gradually  broke  and  desquamated. 
From  the  marginal  red  part,  after  well  cleaning  it  with  perchloride  of  mercury 
solution,  by  a  prick,  lymph  was  received  into  a  capillary  glass  pipette,  and 
with  this  plate  cultivations  were  made.  Numerous  colonies  came  up,  which 
all  proved  to  be  the  streptococcus  erysipelatos. 

With  the  cultures  of  the  true  streptococcus  erysipelatos,  Fehleisen  has 
produced  distinct  erysipelas  by  inoculation  into  the  skin  of  the  ear  of  rabbits ; 
after  twenty- four  hours  the  sldn  of  the  ear  shows  a  deep  blush  around  the 
place  of  inoculation,  and  is  shghtly  swollen  ;  this  blush  and  swelhng  increase 
and  spread  during  five  or  six  days  over  the  whole  of  the  ear,  on  to  the 
scalp  and  into  the  neck  ;  the  bullous  and  scaly  change  is  also  very  marked. 
The  writer  has  repeated  these  experiments,  and  can  fully  confirm  them,  as  also 
the  other  fact  stated  by  Fehleisen,  viz.  that  from  the  spreading  and  swollen 
part  of  the  skin  of  the  ear  there  is  no  difficulty  in  obtaining  pure  cultures  of 
the  streptococcus  erysipelatos.  The  cultures  and  microscopic  specimens  of  this 
streptococcus  are  difficult  to  distinguish  from  the  streptococcus  pyogenes,  but 
inoculation  into  the  rabbit's  ear  shows  this  difference.  Injection  of  large 
quantities  into  the  vein  produces  in  the  rabbit  in  a  large  percentage  of  cases 
acute  septicaemia,  fatal  in  thirty  to  forty- eight  hours ;  the  spleen  is  enlarged, 
all  viscera  are  congested,  and  from  the  spleen,  lung,  liver,  and  from  the  blood  of 
the  general  circulation  the  streptococcus  of  erysipelas  can  be  easily  recovered 
by  cultivation. 

When  the  streptococcus  erysipelatos  is  carried  through  several  generations 
on  gelatine,  its  virulence  suffers  a  distinct  diminution,  since  the  effect  on  the 
rabbit's  ear  becomes  greatly  diminished.  From  a  twelfth  sub-culture,  inocu- 
lation into  the  rabbit's  ear  produces  after  twenty-four  hours  a  distinct  blush ; 
this  spreads  a  little  during  the  next  day  or  two,  and  the  skin  is  tumid,  but 
after  this  the  redness  and  swelling  again  subside. 

Whether  or  not  the  streptococcus  isolated  from  human  erysipelas 
by  Passet,  Bonone  and  others,  and  assumed  to  be  the  streptococcus  pyo- 
genes, was  the  real  streptococcus  erysipelatos,  but  representing  merely  an 
attenuated  form,  is  a  matter  of  conjecture ;  the  facts  brought  forward  by 
Fehleisen  and  others,  viz.  that  two  species  of  streptococci  can  be  originally 
obtained  by  culture  from  the  erysipelatous  skin,  and  their  differences  proved 
by  inoculation  into  the  rabbit's  ear,  seem  definitely  to  contradict  the  above 
conjecture.  The  above  observers,  in  fact,  maintain  that  the  streptococcus 
pyogenes  of  abscess  and  ordinary  phlegmon  is  identical  with  the  streptococcus 
of  Fehleisen,  that  is,  of  erysipelas,  the  latter  representing  merely  an  attenuated 
form  of  the  former.  E.  Frankel  ('  Centralbl.  f.  Bact,  und  Parasit.,'  VI.,  p.  691) 
is  quite  sure  of  the  identity  of  the  two  microbes  ;  but  notwithstanding  this,  on 
pathological  and  clinical  grounds,  a  doubt  of  this  alleged  identity  may  yet  be 
permitted. 

An  important  series  of  experiments  made  by  Fehleisen  was  this,  that  he 
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produced  with  cultures  of  the  streptococcus  erysipelatos  distinct  and  typical 
erysipelas  in  the  human  subject ;  these  experiments  were  made  in  order  to 
cause  sarcomatous  tumours  to  disappear,  in  conformity  with  older  surgical 
experiences  ;  and  in  this  he  succeeded  in  several  instances,  in  which  he  pro- 
duced by  his  cultures  true  erysipelas  of  the  skin  in  the  part  containing  a 
tumour;  the  erysipelas  passed  off,  and  the  tumour  also  disappeared,  and 
became  absorbed. 

This  question  of  the  alleged  identity  maintained  by  some  observers  of  the 
streptococcus  pyogenes  and  streptococcus  of  erysipelas  illustrates  better  than 
any  other  case,  on  the  one  hand,  the  difficulty  existing  in  distinguishing  two 
similar  microbes,  and  on  the  other  the  want  of  appreciation  of  patholo- 
gical and  clinical  facts  in  drawing  conclusions  from  bacteriological  investiga- 
tions alone.  No  clinical  observer  will  admit  that  erysipelas  is  an  ordinary 
phlegmon,  though  all  bacteriologists  may  not  be  able  to  distinguish  the  one 
species  from  the  other.  Of  course  the  suggestion  is  not  wanting  that 
owing  to  an  increase  in  virulence,  due  to  some  unknown  cause,  the  strepto- 
coccus pyogenes,  growing  in  and  causing  ordinary  simple  phlegmon,  may 
become  the  streptococcus  of  erysipelas  and  cause  erysipelas,  while  in  a 
similar  manner  this  latter  organism  by  attenuation,  due  to  some  cause  or 
other,  may  become  attenuated  and  may  degenerate  thereby  into  the  strepto- 
coccus pyogenes.  While  such  an  assumption  is  based  on  very  insufficient 
evidence,  the  other  alternative,  viz.  that  the  two  are  physiologically  different 
species,  though  they  may  not  be  easily  distinguished  from  one  another,  is 
based  on  the  fact  that  the  two  species  have  an  altogether  different  distribution, 
the  one,  streptococcus  pyogenes,  in  pus  of  acute  and  chronic  abscess  and  in 
common  phlegmon,  the  other  in  erysipelas — a  type  of  a  specific  disease  as 
distinct  as  any,  both  pathologically  and  clinically.  It  is  just  as  difficult 
to  imagine  that  an  ordinary  non-infectious  sore  throat  accompanying  an 
■ordinary  cold  is  an  attenuated  form  of  diphtheria  as  that  an  ordinary 
phlegmon  is  an  attenuated  form  of  erysipelas ;  no  clinically  experienced 
observer  would  consider  a  sore  throat  associated  with  an  ordinary  cold  as 
diphtheritic  sore  throat,  any  more  than  he  would  admit  a  common  phlegmon, 
or  common  abscess,  to  be  erysipelas.  Such  an  assumption  of  the  identity  of 
causes  in  maladies  so  utterly  different  as  common  phlegmon  and  erysipelas 
seems  opposed  to  the  known  fundamental  facts  of  the  specific  diseases. 


CHAPTEE  XIII 

SEPTICEMIA 

We  have  on  previous  pages  pointed  out  that  a  distinction  must  be  drawn 
between  septic  intoxication,  sepsis,  or  saprsemia,  on  the  one  hand,  and  septic 
infection,  or  septicaemia,  on  the  other.  Under  septicaemia  is  understood  an 
acute  febrile  disturbance,  due  to  the  presence  and  multiplication  of  microbes 
within  the  blood,  ^  generally  ending  fatally,  between  twenty  hours  (or  even 
less)  and  two  or  three  days,  rarely  later.  All  vessels  contain  the  microbes, 
the  organs  of  the  chest  and  abdomen  are  congested,^  extravasation  of  blood 

1  The  first  systematic  experimental  work  on  the  relation  of  micro-organisms  to  septi- 
cemia was  published  by  Koch  in  Die  Aetiologie  der  Wund-Infectionskrankheiten,  Leipzig, 
1878. 

2  The  pathology  of  saprsemia  is  very  much  the  same  as  that  of  septicaemia,  since  both 
are  probably  the  result  of  the  action  of  similar  kinds  of  toxic  chemical  substances,  in  the 
former  produced  at  a  given  primary  focus,  in  the  latter  produced  in  the  circulating 
blood  by  the  microbes  distributed  in  the  body. 
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occurs  in  the  serous  membranes,  also  in  the  lung,  spleen,  and  intestines ;  the 
spleen  as  a  rule  is  enlarged,  its  vessels  are  engorged  ;  the  intestinal  mucous 
membrane  is  in  a  state  of  congestion  and  inflammation.  In  many  small 
vessels,  e.g.  in  the  liver,  kidney,  spleen,  and  lung,  the  number  of  the 
specific  microbes  has  so  largely  increased  that  veritable  thrombi  are  formed 
by  them  ;  in  such  places  the  tissue  around  the  vessels  is  found  in  a  state  of 
necrosis — coagulation  necrosis.  This  condition  is  often  found  in  the  liver, 
when  the  central  vein  of  a  lobule  and  a  number  of  capillaries  leading  into  it 
are  distended  a,nd  plugged  with  solid  masses  of  the  microbes  ;  the  liver  cells 
of  such  a  part  are  large  and  opaque  ;  they  do  not  stain  in  dyes,  their  nucleus 
is  swollen  and  clear — such  parts  correspond  to  necrotic  tissue  ;  in  the 
kidney  many  of  the  capillaries  of  the  glomeruli  are  also  plugged  with 
masses  of  the  microbes,  also  some  of  the  fine  vessels  in  the  cortex  between 
the  convoluted  tubes  and  in  the  medulla  between  the  straight  tubes  ;  the 
rest  of  the  glomerulus  is  swollen  and  degenerated  ;  in  the  convoluted  tubes 
and  in  the  straight  tubes  of  the  cortex,  the  epithelial  lining  of  the  tubes  is 
swollen,  dark,  granular,  and  in  a  state  of  disintegration  ;  in  the  lungs  many 
lobules  show  great  congestion  of  the  capillaries  surrounding  the  alveoli ;  in 
these  the  epithelial  cells  are  desquamating,  and  blood  is  occasionally  found 
extravasated  into  their  cavity  ;  pericardial,  pleural,  and  peritoneal  exudations 
occur  :  the  latter  is  very  common. 

The  specific  microbes  can  be  easily  demonstrated  by  cover-glass  speci- 
mens ;  and  by  culture  from  the  heart's  blood,  and  from  all  congested  viscera,, 
particularly  the  spleen,  though  there  obtain  great  differences  in  these 
respects,  since  in  some  the  number  of  microbes  in  the  blood  of  the  general 
circulation  is  very  limited,  while  in  others  it  is  abundant.  From  the  spleen 
they  can  always  be  recovered  in  considerable  numbers. 

We  have  on  a  former  page  pointed  out  that  where,  in  any  locality,  exten- 
sive inflammation,  ulceration,  or  suppuration  is  going  on,  the  absorption  of 
chemical  poisonous  substances,  elaborated  by  microbes  at  those  localities  in 
sufficient  quantities,  produces  saprtemia,  which  may  then  induce,  or  rather 
pave  the  way  for,  a  secondary  invasion  of  the  microbes  from  that  primary 
focus,  whereby  a  true  infection  is  produced,  which  may,  and  in  some  cases 
does,  cause  septicaemia,  the  microbes  multiplying  in  the  blood  abundantly. 
But  a  saprsmia  may  occur  without  subsequent  secondary  infection,  and  the 
sapraemia  may  be  in  some  cases  so  extensive,  owing  to  the  large  amount  of 
matter  absorbed,  that  it  causes  death ;  the  pathological  symptoms  are  the 
same  as  those  of  the  septicaemia,  as  naturally  they  would  be,  but  there  are 
none  of  the  microbes  of  the  primary  focus  to  be  found  in  the  blood,  spleen, 
or  other  viscera.  We  said  just  now  that  the  pathological  appearances 
would  be  naturally  the  same  as  in  the  septicemic  infection  :  sapraemia  being 
caused  by  the  absorption  of  toxic  chemical  substances  produced  by  the 
microbes  at  the  primary  focus,  while  septicaemia  following  such  a  primary 
disease  is  due  in  the  first  instance  to  a  general  invasion  of  the  blood  and 
tissues  by  the  microbes  and  subsequently  to  the  action  of  toxic  substances 
produced  by  the  microbes  in  the  blood  and  tissues. 

While  giving  these  general  outlines  of  what  is  usually  considered  as 
septicaemia,  we  cannot  shut  our  eyes  to  the  fact  that  the  term  septicaemia 
is  applied  to  a  group  of  diseases  in  no  marked  manner  or  degree  well  defined 
from  other  diseases  not  strictly  coming  under  this  head.  At  present 
various  diseases  of  the  true  type  of  infectious  and  contagious  diseases  fall 
under  this  group,  e.g.  fowl  cholera,  malignant  anthrax,  swine  erysipelas, 
swine  fever,  and  human  erysipelas.  Now  all  these  diseases  are  as  true  and 
typical  infectious  diseases  as  small-pox  or  scarlet  fever.     There  is  nothing 
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fundamental  by  which  septicaemic  diseases,  anthrax,  small-pox,  or  scarlet 
fever  can  be  said  to  be  separated  from  one  another.  True  in  the  septi- 
cemic diseases,  e.g.  surgical  septicaemia,  post-mortem  wounds  septicaemia, 
various  septicaemic  diseases  in  rodents  and  other  animals,  infection  starts,  as 
a  rule,  from  a  wound,  i.e.  by  inoculation  ;  but  there  are  others  in  which  infec- 
tion is  most  certainly  produced  naturally  by  way  of  the  respiratory  and 
alimentary  canal,  e.g.  in  genuine  erysipelas  of  the  face,  where  in  the  affected 
individual  infection  by  inoculation  is  out  of  the  question,  or  in  anthrax  of 
sheep  and  cattle,  where  infection  is  carried  out  naturally  by  the  ahmentary 
or  respiratory  tract,  or  in  the  form  of  anthrax  in  the  human  subject 
known  as  woolsorters'  disease,  or  in  intestinal  anthrax ;  again  in  a  septicaemic 
disease  to  be  described  as  ragsorters'  disease,  infection  is  also  effected  by 
the  respiratory  tract.  In  fowl  cholera,  in  swine  erysipelas,  and  in  swine 
fever,  infection  under  natural  conditions  is  carried  out  by  the  alimentary 
and  respiratory  tract ;  and  in  these  respects  there  is  therefore  no  differ- 
ence to  be  drawn  between  these  diseases  and,  say,  the  acute  exanthemata. 
Nor  can  we  establish  a  difference  between  them  and  the  acute  exanthemata 
on  account  of  the  latter  showing  some  well-marked  cutaneous  eruption, 
for  in  swine  erysipelas,  in  human  erysipelas,  in  malignant  pustule,  there 
are  just  as  characteristic  cutaneous  lesions  present.  Further,  we  cannot  say 
that  as  regards  the  distribution  of  the  microbes  there  is  a  fundamental  differ- 
ence. True,  in  many  septicaemic  diseases  the  microbes  are  universally  present 
in  the  blood,  but  there  are  marked  differences  in  this  respect  between  the 
different  forms  ;  for  while  in  some  the  microbes  in  the  blood  are  very  nume- 
rous, e.g.  anthrax,  and  certain  forms  of  septicaemia  to  be  mentioned  presently 
(Davaine's  and  Koch's  septicaemia,  fowl  cholera),  they  are  scarce  in  the  blood 
in  others,  e.g.  malignant  oedema,  swine  fever,  and  swine  erysipelas  :  they  are 
not  easily  found  in  the  blood  in  human  erysipelas.  Nor  do  we  find  any 
fundamental  difference  as  regards  progress  and  duration.  True,  many  septi- 
caemic diseases  are  rapid  (duration  from  sixteen  to  twenty  hours,  to  two  or  three 
days),  but  there  are  some  belonging  to  this  class  which  pursue  a  longer  course, 
e.g.  swine  fever.  We  must  therefore  consider  that  the  term  septicaemia  is  an 
artificial  one,  and  that  the  group  of  diseases  indicated  by  it  is  not  funda- 
mentally different  from  other  acute  infectious  diseases  not  generally  in- 
cluded in  this  group.  When  septicaemic  infection  occurs  after  direct  inocu- 
lation— as  in  accidental,  surgical,  puerperal,  post-mortem  infection,  or  after 
experimental  inoculation  of  cultures  of  the  septicaemic  microbes  into  animals 
— the  multiplication  of  the  microbes  within  the  blood  produces  those  toxic 
substances  which,  when  in  sufficient  quantity,  set  up  the  symptoms  of  the 
disease  and  ultimately  cause  death. 

We  will  now  proceed  to  describe  the  various  specific  microbes  which  have 
been  proved  to  cause  septicaemia  in  man  or  in  animals,  omitting  those 
which  have  been  already  mentioned  as  capable  of  producing  under  certain 
conditions  septicaemic  infection  in  rodents,  e.g.  the  pyogenic  staphylococci 
and  streptococci,  as  also  certain  microbes  occurring  in  saliva  (Pasteur 
and  Sternberg)  and  in  normal  human  faecal  matter  (Bienstock,  Brieger), 
the  typhoid  fever  bacillus,  and  the  micrococcus  tetragonus  (on  mice  and 
guineapigs)  occurring  in  purulent  human  tubercular  sputum,  and  the 
cholera  spirilla  of  Koch  and  those  of  Finkler  (on  guineapigs). 

A.  Davaine  Septioamia  in  Babbits. — This  is  a  septicaemia  which  Davaine 
first  produced  by  injecting  putrid  ox's  blood  into  rabbits.  It  is  now  known 
that  a  small  bacillus  (formerly  considered  as  bacterium)  is  the  microbe, 
which  by  its  great  multiplication  and  universal  distribution  in  the  circulating 
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blood  causes  the  disease  and  death.  The  microbe  is  present  in  the  blood  in 
great  numbers,  nearly  as  great  as  those  of  the  blood-corpuscles ;  in  stained 
specimens  the  rods,  which  are  short  and  oval,  show  a  stained  granule  at  each 
end  with  a  clear  space  in  the  middle  ;  the  length  of  the  rods  is  about  1*5 /x, 
the  thickness  about  half  of  the  length.  The  rods  are  non-mobile,  and  from 
the  heart's  blood,  and  all  other  tissues,  pure  cultures  can  easily  be  made.  In 
plate  cultures,  after  about  two  days,  minute  white  dots  are  visible  ;  under  the 
microscope  they  appear  as  flat  circular  discs,  white  in  reflected,  yellow  brown 
in  transmitted  light.  After  several  days  the  colonies  are  larger,  and  appear 
thicker  and  broader  in  the  centre  than  at  the  periphery,  which  appears  more 
or  less  concentric  owing  to  regular  differences  in  thickness.  At  maximum 
growth  the  colony  does  not  exceed  one  to  two  millimetres.  In  stab  culture 
the  stab  is  occupied  by  a  whitish  line  ;  under  the  microscope  this  is  seen  to  be 
made  up  of  minute  droplets  and  dots,  whitish  in  reflected,  yellow  brown  in 
transmitted  light.  In  streak  cultures  the  streak  is  represented  by  a  narrow 
-whitish  band  of  irregular  outhne,  thicker  in  the  middle  than  at  the  margin. 
After  two  to  three  months  the  cultures  in  gelatine  are  dead. 

Eabbits,  mice,  fowls,  pigeons,  and  sparrows  are  very  susceptible  (Koch) 
"to  the  inoculation  of  minute  doses  of  the  culture  or  of  the  blood  of  an  animal 
previously  dead  of  the  disease  ;  guineapigs  and  rats  are  insusceptible  (Koch). 
When  rabbits  are  inoculated  with  a  trace  of  the  blood  of  a  rabbit  dead  of  the 
disease,  or  with  a  trace  of  the  culture,  after  ten  to  twenty-one  hours  they  show 
a  distinct  rise  of  temperature  ;  in  some  cases  the  animals  show  spasms  and  a 
fall  of  temperature  before  the  end  of  the  first  sixteen  hours,  and  are  dead 
before  the  day  is  over  ;  but  in  some  cases,  particularly  after  inoculation  with 
minute  traces  of  culture,  death  does  not  take  place  in  less  than  thirty-six  to 
forty-eight  hours.  The  bacilli  are  found  very  numerously  in  the  blood-vessels 
of  all  organs.  The  spleen,  liver,  lymph  glands,  and  lungs  are  highly  con- 
gested, as  also  the  intestines  ;  extravasations  are  rarely  found,  and  then  only 
in  the  omentum  and  lungs  ;  peritonitis  is  noticed  only  in  a  small  percentage 
of  cases,  and  then  only  when  the  omentum  shows  the  extravasations  ;  the 
serous  covering  of  the  intestines  is  greatly  injected.  As  a  rule,  these 
symptoms  are  more  pronounced  if  death  does  not  occur  before  the  second  day. 
This  septicaemia  has  been  minutely  studied  by  Koch,  who  investigated 
the  susceptibihty  of  various  animals  towards  these  baciUi. 

B.  Septicemia  in  Babbits  (Koch). — Oval  cocci  0*8 /x  to  VO  fx  in  length, 
about  0'6  /ti.  in  breadth.  Putrid  meat-infusion  injected  by  Koch  into  rabbits 
produced  death  by  septicaemia  ;  the  spleen  was  found  much  enlarged  and 
all  internal  viscera  congested.  The  cocci  are  numerously  present,  generally 
isolated,  occasionally  in  clumps,  in  the  capillaries  of  all  viscera.  The 
cultural  characters  of  this  organism  have  not  been  studied  by  Koch.  The 
writer  has  produced  a  septicaemia  in  rabbits  by  subcutaneously  inoculating 
them  with  sputum  of  human  croupous  pneumonia,  which  septicsemia  bears 
a  great  resemblance  to  the  above ;  the  symptoms  were  the  same,  the  cocci 
were  the  same,  and  their  distribution  in  the  organs,  particularly  in  the  kidneys, 
appeared  the  same  as  described  by  Koch.  From  the  blood  of  the  rabbits  dead 
from  the  disease,  cultures  were  easily  obtained  ;  the  colonies  were  whitish, 
round,  and  convex  ;  at  the  end  of  a  week  they  grew  to  4-5  mm.  in  breadth, 
and  in  transmitted  light  appeared  brownish  ;  in  streak  cultures  they  formed 
a  whitish,  irregularly  outhned,  moist-looking  band,  which  appeared  either 
of  uniform  thickness  or  a  little  thicker  at  the  margin.  Stab  cultures 
several  days  old  appeared  in  transmitted  hght  to  be  made  up  of  brownish 
droplets  ;  during  the  first  few  days  the  stab  when  viewed  with  the  vmaided 
eye  appeared  as  a  whitish  line.     Mice  and  rabbits  were  found  susceptible 
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to  the  cultures,  but  comparatively  large  doses  (^^  c.c.  of  broth -culture)  had 
to  be  injected. 

C.  Malignant  (Edema  (Koch.) — This  disease  has  been  produced  by  Koch 
in  guineapigs  by  the  subcutaneous  injection  of  recently  manured  garden  earth. 
An  extensive  oedema  occurs  at  and  about  the  seat  of  inoculation ;  the  oedema 
is  accompanied  by  hsemorrhage  into  the  subcutaneous  tissue,  and  is  of  an 
offensive  odour  ;  it  spreads  during  the  second  day,  leads  to  gangrene  of  the 
subcutaneous  and  muscular  tissues  with  the  formation  of  gas  bubbles,  and  the 
animals  die  in  from  twenty-four  to  forty-eight  hours :  the  spleen  is  found 
congested,  so  also  are  the  liver,  kidney,  lungs,  and  intestines.  In  the 
oedematous  exudation  and  in  the  spleen  long  mobile  bacilli  are  present, 
either  singly  or  ia  filaments  and  long  chains  ;  their  number  in  the  blood  is 
comparatively  small ;  the  size  of  the  short  bacilli  is  2-3" 5  ^u  in  length,  and  1  /u 
in  thickness  ;  their  ends  are  more  or  less  romided.  Many  bacilli  are  in  the 
form  of  chains  and  filaments.  The  oedematous  fluid,  and  the  blood,  inoculated 
into  fresh  guineapigs  produce  the  fatal  disease. 

Eabbits  are  also  very  susceptible  to  the  disease  ;  and  at  the  seat  of  inocula- 
tion oedema  is  produced.  Mice  are  very  susceptible,  and  die  before  the  end 
of  the  first  day,  but  no  oedema  is  present  at  the  seat  of  inoculation.  All  the 
viscera  are  congested,  and  the  spleen  is  enlarged  ;  the  blood  of  the  spleen, 
the  exudation  of  the  peritoneum,  and  the  pleura,  contain  the  bacilli.  A 
sure  diagnosis,  and  differentiation  from  anthrax  bacilli,  to  which  the  oedema 
bacilU  bear  a  certain  hkeness,  can  with  certainty  be  made  by  cultures. 

The  cultural  characters  of  this  bacillus  show  that  it  is  altogether  different 
from  that  of  bacillus  anthracis  ;  although  in  size  and  general  aspect  in  the  fresh 
state,  and  in  stained  cover-glass  specimens,  it  is  not  unlike  bacillus  anthracis, 
yet  it  is  quite  different  in  its  action  on  animals,  in  the  condition  of  the  spleen 
of  the  inoculated  animals,  and  in  its  small  numbers  in  the  blood  of  these. 
When  cultivated  it  shows  the  following  characters  :  The  oedema  bacillus 
is  anaerobic,  since  it  does  not  show  growth  on  the  surface  of  nutritive 
media  ;  it  grows  only  when  planted  in  the  depth  ;  in  gelatine  (in  the 
depth)  it  forms  characteristic  globular  colonies  of  different  sizes,  opaque 
and  liquefied,  their  margin  more  opaque  than  the  centre  and  finely  striated. 
The  growth  and  liquefaction  proceed  gradually  and  slowly,  till  all  the 
gelatine  is  hquefied ;  at  the  bottom  of  this  is  a  voluminous  greyish  white 
filamentous  mass.  It  grows  best  in  gelatine  to  which  1-2  per  cent,  of  grape 
sugar  has  been  added.  In  solid  agar  agar  it  grows  well,  producing  uniform 
turbidity  all  through  the  medium,  with  floccular  condensations  and  numerous 
gas  bubbles.  SoUdified  blood  serum  is  liquefied  by  the  bacillus.  The 
cultures  act  virulently,  provided  comparatively  large  quantities  are  injected. 

Oval  bright  spores  are  formed  very  rapidly  in  the  short  bacilli,  either  in 
the  middle  or  at  one  end  ;  the  spores  are  thicker  than  the  bacilli  themselves  ; 
and  the  bacilli  in  the  oedematous  fluid  contain  spores.  The  oedema  bacillus 
is  of  great  importance,  since  by  the  observations  and  experiments  of  Chauveau 
and  Cornevin,  Brieger,  and  others,  it  has  been  shown  that  surgical  gangrene 
(progressive  gangrenous  emphysema)  in  the  human  subject  is  caused  by  the 
same  bacillus.  It  seems  that  many  a  soil  containing  putrid  animal  sub- 
stances, such  as  hay  dust,  rag  dust,  offensively  smelling  filth  of  dust  bins, 
offensively  smelling  exudations,  gangrenous  discharges,  &c.,  contain  the  oedema 
bacillus  and  its  spores.  Horses,  pigs,  and  sheep  are  susceptible  to  this 
malignant  oedema,  provided  large  doses  are  inoculated ;  cattle  are  not  sus- 
ceptible. As  mentioned  above,  guineapigs  are  the  best  experimental  animals, 
since  inoculation  produces  a  typical,  emphysematous,  spreading  oedema,  with 
fatal  result. 
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Pasteur  has  studied  this  septicaemia  in  guineapigs  ;  hence  it  is  also  called 
Pasteur's  septicaemia.  The  bacillus  was  called  by  him  vibrio  septique.  Eoux 
and  Chamberland  have  demonstrated,  in  the  broth  cultures  of  this  microbe, 
toxic  substances,  which,  separated  from  the  bacilli  and  injected  into  animals, 
cause  a  transitory  illness  proportionate  to  the  amount  injected,  and  thereby 
confer  immunity  against  the  injection  of  the  virulent  bacilli  themselves. 
But  this  immunity  does  not  last  long,  and  is  not  produced  if  the  quantities 
used  are  too  small. 

With  recently  manured  garden  earth,  the  writer  has  produced  in  guinea- 
pigs,  rabbits,  and  mice  a  disease  which,  in  its  symptoms,  is  in  many  respects 
similar  to  the  mahgnant  oedema  of  Koch.  But  the  microbe  is  totally  distinct ; 
it  is  a  short,  mobile  rod,  the  long  cylindrical  and  filamentous  forms  being 
few.  It  is  distinctly  aerobic,  forms  also  gas  bubbles  in  the  depth  of  the 
gelatine,  but  grows  well  in  ordinary  nutrient  gelatine  ;  does  not  liquefy  the 
gelatine,  and  does  not  form  spores.  The  oedema  fluid  at  the  seat  of  inocula- 
tion is  crowded  with  the  bacilli,  the  blood  and  spleen  containing  only  com- 
paratively few  bacilli  (fig.  41). 

Fliigge  has  isolated  a  pseudo-malignant  oedema  bacillus  from  recently 
manured  garden  earth,  which  resembles  Koch's  malignant  oedema  bacillus, 
but  is  non-pathogenic. 

D.  Mouse  Septiccemia  of  Koch. — By  inoculation  of  filthy  water  into  mice, 
Koch  produced  an  acute  and  fatal  septicaemia,  which,  owing  to  the  peculiarity 
of  the  microbe,  is  of  great  interest.  At  the  seat  of  the  inoculation  there  is 
found  slight  haemorrhage,  the  internal  viscera  are  greatly  congested,  and 
the  spleen  is  not  much  enlarged  ;  the  animals  die  during  the  second  day. 
In  the  blood  of  all  parts  are  found  in  very  large  numbers  exceedingly  minute 
baciUi,  some  longer  than  others ;  but  all  are  very  fine,  and  many  of  the  white 
blood-corpuscles  are  quite  filled  with  them,  and  at  the  same  time  swollen  up. 
In  the  lungs  there  is  slight  haemorrhage  into  the  alveolar  tissue  ;  everywhere 
one  sees  the  swollen  leucocytes  completely  filled  with  the  minute  bacilli. 
Some  of  these  become  free  owing  to  the  disintegration  of  the  leucocytes. 
Sections  through  the  lung,  stained  carefully  in  fuchsin  and  then  in  methyl 
blue,  show  the  nuclei  of  the  tissue  and  of  the  leucocytes  blue,  the  bacilli  bright 
red. 

Cultivations  of  the  heart's  blood,  or  of  the  juice  of  the  viscera,  yield 
numerous  colonies  ;  pure  cultivations  in  gelatine  in  test  tubes  can  be  made 
without  difficulty  directly  from  the  heart's  blood.  The  colonies  in  plate 
cultivations  appear  after  two  or  three  days  as  minute  highly  translucent, 
gelatinous,  grey,  irregularly  outlined,  angular  patches  ;  in  the  stab  culture  in 
gelatine,  after  two  or  three  days,  a  very  characteristic  growth  is  noticed  ;  the 
stab  is  a  translucent  grey  line  from  which  branch  out  horizontally  vast 
numbers  of  fine,  closely  placed,  gelatinous,  translucent  threads  ;  in  the 
streak  culture  the  streak  becomes  visible  after  two  to  three  days  as  a 
gelatinous,  grey,  translucent,  thin  band  from  which  pass  out  numerous 
fine  grey  lines.  The  growth  liquefies  the  gelatine  very  slowly ;  it  takes 
generally  some  days  before  hquefaction  commences,  and  it  proceeds  very 
slowly,  the  liquefied  gelatine  being  thick  like  syrup,  fairly  limpid,  but  con- 
taining greyish  translucent  flakes.  In  agar  mixture  the  growth  is  slow  and 
very  transparent. 

Specimens  made  of  the  cultures  show  under  the  microscope,  besides 
short  bacilli,  also  a  great  many  long  threads  more  or  less  curved.  Inocula- 
tion into  mice  produces  the  septicaemia  with  certainty. 

This  microbe  is  in  so  far  interesting,  as  one  extremely  similar  to  it,  both 
as  to  size,  aspect,  and  its  peculiar  cultural  characters,  has  been  isolated  by 
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Schiitz  from  the  spleen  of  pigs  dead  of  swine  erysipelas  {see  below). 
By  its  action  on  swine  and  on  rodents  this  microbe  was  proved  to  be  the 
real  cause  of  the  swine  erysipelas,  and  it  was  also  shown  that  its  action  on 
mice  is  extremely  similar  to  that  of  the  microbe  of  Koch's  mouse  septicsBmia, 
just  described. 

E.  Human  Septicemia. — Several  microbes  (micrococci,  Sternberg)  have 
been  described  in  connection  with  human  (traumatic)  septicaemia ;  the 
staphylococcus  albus  liquescens,  staphylococcus  aureus  liquescens,  and  the 
streptococcus  pyogenes  being  mentioned  amongst  them.  But  in  connection 
with  this  it  must  be  remarked  that  the  occurrence  of  these  organisms  in 
the  blood-vessels  of  the  tissues  is  possibly  only  of  the  nature  of  a  secondary 
invasion,  and  may  not  have  been  the  primary  cause  of  the  septicaemia,  such 
as  occurs,  for  instance,  in  hospital  gangrene  or  in  septicaemia  after  a  post- 
mortem wound.  The  writer  has  in  a  case  of  acute  septicaemia,  after  ampu- 
tation of  the  mamma,  seen  in  microscopic  sections  through  the  congested 
lung,  liver,  kidney,  and  mesenteric  lymph  glands,  in  the  capillary  blood- 
vessels, and  extending  into  the  surrounding  more  or  less  necrosed  tissue, 
particularly  of  the  liver,  of  the  glomeruli  of  the  kidney,  and  of  the  alveolar 
walls  of  the  lung,  numerous  short  bacilh,  which  formed  in  some  places 
veritable  emboli ;  their  distribution  clearly  indicating  that  they  stood  in  an 
intimate  relation  to  the  diseased  process  ;  but  no  cultures  having  been  made, 
nothing  further  can  be  said  of  them.  Chauveau  and  Arloing  described  the 
occurrence  of  bacilli  in  cases  of  gangrene,  but  here  no  culture  experiments 
were  made,  although  experiments  on  animals  made  it  probable  that  these 
were  the  oedema  bacilli.  (On  the  relation  of  the  bacillus  of  malignant 
oedema  to  surgical  gangrene  see  a  former  page.)  Human  septicaemia  is 
therefore  a  subject  which  at  present  is  still  awaiting  solution,  as  far  as  the 
causing  microbes  is  concerned ;  though  from  what  has  been  said  in  a 
former  chapter  it  is  quite  probable  that  some  forms  of  human  septicaemia 
may  be  due  to  a  general  invasion  by  the  above-named  micrococci.  That 
some  forms  of  septicaemia,  not  of  surgical  antecedent,  are  caused  by  specific 
bacilli  is  illustrated  by  the  acute  forms  of  disease  known  as  ragsorters' 
disease,  which  is  caused  by  the  bacillus  proteus  hominis. 

Bagsorters'  Disease. — In  a  very  important  research  carried  out  by  Bor- 
doni  Uffreduzzi  ('  Zeitsch.  f.  Hygiene,'  IH.,  2,  p.  333)  it  was  shown  that  a 
bacillus  distantly  related  to  the  proteus  '  of  Hauser  (figs.  10, 11, 12),  and  called 

'  Hauser's  proteus  is  a  motile  bacillus  occurring  in  putrid  meat,  in  gangrenous  wounds, 
and  in  many  putrid  animal  substances.  Two  species  were  isolated :  (a)  proteus  vulgaris, 
and  (&)  proteus  mirabilis. 

{a)  Proteus  vulgaris.  Motile  rods  0*6  fj.  thick,  1-25-3-75  in  length,  some  short  like 
cocci,  others  much  longer  like  leptothrix  threads  ;  the  threads  vary  in  length,  and  are 
aggregated  in  bundles  and  twisted  as  in  a  cable ;  it  grows  rapidly  in  gelatine  plates 
(gelatine  6  per  cent.).  In  from  six  to  eighteen  hours  the  colonies  are  noticeable  as  whitish 
dots  situated  in  a  pit,  because  surrounded  by  liquefied  gelatine.  Thence  rapidly  extend 
threads  and  processes  (swarmers),  by  which  the  growth  gradually  spreads  over  the  rest  of 
the  gelatine.     (Figs.  10,  11,  12.) 

(6)  Proteus  mirabilis.  In  size,  and  in  its  polymorphous  nature,  the  same  as  proteus 
vulgaris.  The  rods  show  slower  movement,  the  gelatine  is  liquefied  slower  than  by  proteus 
vulgaris.  The  proteus  mirabilis  is  also  distinguished  from  the  former  by  numerous  '  involu- 
tion forms,'  i.e.  longer  or  shorter  threads,  swollen  at  one  end,  having  either  at  or  near 
one  end  a  spherical  or  flask-shaped  knob. 

The  name '  proteus  '  has  been  chosen  by  Hauser  on  account  of  the  polymorphous  nature 
of  the  microbes  ;  some  being  coccus-Uke,  others  short  oval  rods,  others  again  longer 
cylinders  and  threads  ;  even  vibrio-like  and  spirilla-like  forms  occur. 

A  third  species  of  proteus  is  known  as  protexis  Zenkeri :  this  resembles  in  many  respects 
the  proteus  mirabilis,  but  does  not  liquefy  the  gelatine. 
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by  Bordoni  Uffreduzzi  profeus  hominis  capsulatus,  on  account  of  the  bacilli 
being  surrounded  by  a  gelatinous  capsule,  produces  a  septicemic  (acute)  fatal 
disease  in  man.  The  disease  resembles  to  a  certain  degree  anthrax  in  man 
(woolsorters'  disease)  :  the  lungs,  trachea,  bronchial  glands,  and  mesenteric 
glands  are  congested  and  inflamed,  the  spleen  is  enlarged,  the  serous  mem- 
branes and  lymph  glands  show  haemorrhages.  Cover-glass  specimens  made 
of  the  blood  of  the  general  circulation,  the  lungs,  spleen,  and  kidney  show 
bacilli  not  unhke  anthrax  bacilh,  though  there  are  certain  well-marked  dif- 
ferences between  the  two  :  the  proteus  bacillus  having  rounded  ends,  and  on 
the  whole  being  smaller.  Sections  through  all  organs,  particularly  the  mes- 
enteric and  peribronchial  lymph  glands,  show  the  bacilli  in  great  numbers. 
The  cultural  characters  of  the  proteus  hominis  at  once  show  a  striking  dif- 
ference between  it  and  the  bacillus  anthracis. 

The  proteus  hominis  does  not  liquefy  gelatine,  and  grows  equally  well 
in  acid,  neutral,  and  alkaline  gelatine.  Further,  the  proteus  grows  very  much 
more  rapidly  than  the  bacillus  anthracis.  After  eighteen  to  twenty-four  hours 
it  forms  round  dots,  which  after  forty-eight  hours  have  much  enlarged,  and 
under  the  microscope  appear  granular,  and  threads  can  even  be  distinguished 
in  them.  In  the  streak  culture  it  forms  a  white  glistening  waxy  band  ;  in  the 
stab  culture  it  grows  similar  to  Friedlander's  bacillus  pneumoniae,  i.e.  like 
a  nail  composed  of  the  nailpin  and  nailhead ;  in  the  recent  cultures  the 
bacilli  form  threads  ;  later  on  many  very  short  forms  are  noticed.  In  agar 
cultures  this  proteus  hominis  is  always  well  capsulated. 

Experiments  were  made  on  animals  with  the  cultures ;  tbe  result  of 
these  shows  a  distinct  difference  between  the  proteus  bacillus  and  the 
bacillus  anthracis.  Mice  and  dogs  are  very  susceptible,  rabbits  and  guinea- 
pigs  are  less  so.  In  the  dog  the  injection  of  culture  into  the  jugular  vein 
produces  an  acute  fatal  disease,  very  similar  to  that  which  Bordoni  Uffre- 
duzzi observed  in  the  human  subject ;  also  the  distribution  of  the  bacilli  in 
the  organs  is  the  same.  This  disease  of  human  beings  was  observed  to 
occur  in  persons  occupied  in  the  sorting  of  rags,  the  same  disease  had  pre- 
viously been  considered  as  anthrax,  owing  to  a  certain  similarity  to  wool- 
sorters'  disease  and  its  microbes ;  but  there  can  be  no  doubt  that  there  are 
two  kinds  of  ragsorters'  disease  :  (a)  real  anthrax  ^  due  to  a  general  and  fatal 
infection  with  the  bacillus  anthracis,  as  in  woolsorters'  or  hidesorters'  disease ; 
and  {b)  a  septicemic  infection,  due  to  the  proteus  hominis. 

Kolb  ('  Arbeiten  aus  dem  Kais.  Gesundheitsamte,'  VII.,  p.  60)  describes  the 
occurrence  in  the  organs,  but  not  in  the  blood,  of  persons  dead  from  purpura 
hcsmorrhagica,  of  thick  oval  rods,  non-motile,  chiefly  occurring  as  diplo- 
bacteria ;  in  gelatine  their  growth  resembles  that  of  the  typhoid  bacillus. 
Dogs,  mice,  and  rabbits  inoculated  with  cultures  die  in  from  one  to  three 
days,  showing  hemorrhages  in  the  various  organs,  the  bacilU  being  abundantly 
present  in  the  blood  and  viscera.     These  bacilli  do  not  form  spores. 

Puerperal  Septicemia. — In  a  number  of  cases  of  puerperal  septicemia 
investigated  by  Dr.  W.  E.  Smith  under  the  writer's  direction,  the  presence  of 
streptococci  was  shown  m  the  circulating  blood.  From  a  droplet  of  the 
heart's  blood  of  the  dead  body,  and  from  a  droplet  of  the  blood  of  the  finger 
of  the  living,  we  obtained  without  difficulty  in  pure  cultures  large  numbers  of 
colonies  of  this  streptococcus.  Its  cultural  characters  are  in  many  respects 
similar  to  those  of  other  streptococci  described  on  previous  pages.  When 
tested  by  inoculation  into  the  skin  of  the  ear  of  the  rabbit  a  distinct  blush 
and   swelling   are   noticed   after  twenty-four  hours  ;    these   increase  after 

'  Paltauf  (Wiener  hi.  Woch.,  1888,  Nos.  18-26)  describes  such  cases  of  ragsorters^ 
disease  which  are  anthrax. 
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another  day  or  two,  and  then  pass  off,  without  leading  to  erysipelas  or  to 
suppuration;  minute  traces  of  the  cultures  injected  into  mice  produce  acute 
fatal  septicaemia.  The  animals  die  in  from  thirty  to  forty-eight  hours  ;  in 
the  blood  of  the  heart  and  in  that  of  the  other  congested  organs — lungs, 
liver,  kidney,  and  spleen — the  streptococci  can  be  demonstrated  easily  by 
cover-glass  specimens  and  by  culture.  The  cultures  retain  their  virulence 
on  rabbits  and  mice  through  many  sub-cultures,  even  when  injected  in  minute 
doses,  and  in  this  respect  it  materially  differs  both  from  the  streptococcus  of 
erysipelas  and  the  streptococcus  pyogenes. 

The  writer  obtained  a  pathogenic  bacillus  causing  acute  septiccemia  in  guineapigs  and 
mice  from  the  pleural  exudation  of  mice  and  guineapigs  that  had  died  spontaneously  from 
septicaemia,  that  is  to  say,  in  which  no  primary  cause  could  be  assigned,  and  in  which  the 
post-mortem  appearances  showed  the  symptoms  of  septicemia — viz.  great  congestion  of 
the  lungs,  Uver,  and  kidney,  inflamed  peritoneum,  pleural  and  pericardial  exudation, 
the  spleen  dark  and  slightly  enlarged  in  the  mice,  the  intestines  relaxed,  congested  in  the 
mucous  and  serous  coats,  the  cavity  of  the  small  intestine  filled  with  sanguineous  mucus. 
Inoculation  of  guineapigs  or  mice  with  the  gelatine  cultures  proved  fatal  in  the  mice 
within  one,  two,  or  three  days  ;  in  the  guineapigs  larger  doses  had  to  be  used  to  produce 
death  in  a  day  or  two.  When  small  doses  are  used  there  is  noticed  already  in  twenty- 
four  hours,  about  the  seat  of  inoculation,  a  firm  thickening  which  gradually  extends  into 
wider  areas  ;  and  death  ensues  after  several  days  to  a  week.  In  all  cases  the  bacilli  can  be 
easily  demonstrated  in  the  heart's  blood  and  in  the  congested  organs  by  cover-glass  specimens 
and  by  culture.  In  sections  through  the  hver  and  kidney  the  bacilli  are  found  in  masses 
occluding  like  emboli  the  capillary  blood-vessels  ;  in  the  liver  the  central  vein  of  a  lobule 
and  numerous  capillaries  leading  into  it  are  found  filled  with  and  distended  by  continuous 
masses  of  the  bacilli,  the  surrounding  liver  tissue  being  in  a  necrotic  state ;  in  the  kidney 
numerous  capillaries  between  the  convoluted  tubes  of  the  cortex  and  in  the  glomeruli 
are  found  occluded  by  the  bacilli.  The  bacilli  taken  from  the  blood  are  rounded  at 
their  ends,  and  motile  ;  in  cultures,  notably  in  broth  or  other  fluids,  some  of  the  bacilli 
are  short  like  cocci,  others  are  oval,  others  again  cylindrical ;  there  are  also  numerous 
longer  and  shorter  chains,  which  show  active  motility;  in  these  chains  the  joints  or 
elements  are  of  all  shapes — cylindrical,  oval,  or  coccus-like.  That  all  these  forms  belong 
to  the  same  species  can  be  easily  proved  by  plate  cultivation ;  for  in  these  all  colonies  are 
of  exactly  the  same  kind. 

In  gelatine  plate  cultures  the  microbe  forms  white  round  flat  dots,  which  make  their 
appearance  in  the  course  of  a  day  or  two.  These  colonies  gradually  enlarge,  their  outline 
becoming  irregular  ;  in  stab  cultivation  they  form  a  white  line ;  on  the  surface  of  the  stab 
is  a  flat  white  plate,  with  a  very  irregular  crenated  outline,  extending  rapidly  over  the  surface 
of  the  gelatine  ;  in  streak  cultivation  a  white  band  appears  with  knobbed  or  uneven  out- 
line. The  gelatine  is  not  liquefied.  No  spore  formation  can  be  demonstrated,  since  the 
microbes  of  recent  or  old  cultures,  when  dried  in  a  thin  film,  or  when  heated  to  65-70°  0. 
for  five  minutes,  are  killed  ;  but  the  culture  tubes  preserved  at  the  temperature  of  the  room 
remain  living  for  many  months. 

In  broth  at  37°  C.  they  grow  very  rapidly,  and  form  a  uniform  turbidity  during  the 
first  day ;  during  the  second  and  third  days  a  copious  whitish  sediment  appears,  and  the 
fluid  contains  numerous  flakes  and  granules. 

Wooldridge  has  shown  that  when  these  baciUi  are  grown  in  alkaline  albumen  solution 
(Brazil  nuts)  they  form  chemical  substances  which,  when  separated  from  the  bacilU  and 
injected  into  the  animal,  give  immunity  to  this  animal  against  the  virulent  bacilli,  since  a 
subsequent  inoculation  of  even  large  doses  of  the  active  bacilli  causes  no  disease.  This 
is  then  a  parallel  instance  to  that  of  Eoux  and  Chamberland,  in  which  protection  against 
the  virulent  bacilli  is  conferred  by  a  previous  injection  of  the  chemical  products  of  the 
bacilli. 

Fowl  Cholera. — This  disease  causes  great  devastation  amongst  poultry.  The  malady, 
well  known  by  the  researches  of  Perroncito,  Toussaint,  Pasteur,  Kitt,  and  others,  affects 
fowls,  pigeons,  and  rabbits.  In  the  fowl  after  an  incubative  period,  varying  between  sixteen 
or  eighteen  hours  to  twenty-four  hours,  the  disease  declares  itself  by  diarrhoea  of  fluid, 
greenish  evacuations,  great  drowsiness  and  sleepiness  of  the  animal.  In  about  twenty  to 
forty-eight  hours  the  animals  are  found  dead ;  the  blood  in  the  heart  and  general  circula- 
tion, and  in  the  vessels  of  all  organs,  the  intestinal  contents,  and  the  evacuations  teem  with 
short,  oval,  non-motile  bacilli,  measuring  0"5-l-2  ^  in  length,  0-2  n  in  thickness.     In  stained 
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preparations  they  show  at  each  end  a  stained  granule,  while  the  middle  part  is  clear  and 
unstained.  On  post-mortem  examination  the  viscera  are  found  greatly  congested  and 
containing  haemorrhages  ;  the  mucous  membrane  of  the  upper  part  of  the  intestine  is 
found  congested!;  often  small  haemorrhages  occur  in  its  mucous  membrane ;  the  con- 
tents are  fluid  fasces  ;  the  spleen  is  enlarged.  Fowls,  rabbits,  and  pigeons  inoculated 
with  a  droplet  of  the  blood  of  a  fowl  dead  of  the  disease,  or  inoculated  with  the  artificial 
culture  of  the  bacilli,  die  of  the  disease  in  from  twenty  to  forty-eight  hours,  the  blood 
teeming  with  the  bacilli.  By  feeding  other  fowls  with  the  intestinal  contents  of  diseased 
fowls  the  disease  can  be  reproduced  in  them.  From  this  the  conclusion  is  justified  that 
also  under  natural  conditions  infection  is  caused  by  the  healthy  fowls  picking  up  the  con- 
tagium  with  the  food  from  soil  tainted  with  the  evacuations  of  diseased  animals  (fig.  53). 

The  cultures  of  the  bacilli  show  the  following  characters :  In  plate  cultivations  the  colonies 
appear  before  forty-eight  hours  as  minute  yellowish  white  dots,  irregularly  outlined  or  round ; 
seen  under  the  microscope  they  are  faintly  granular  discs  ;  the  centre  is  yellow  and  trans- 
parent, then  follows  a  brown  zone,  and  then  a  transparent  marginal  part.  In  stab  culture 
the  line  of  inoculation  becomes  marked  as  a  white  line  made  up  of  more  or  less  confluent 
yellowish  white  droplets  ;  on  the  surface  of  the  stab  is  a  small  irregularly  outlined  plate  ; 
in  streak  cultures  the  growth  appears  after  two  or  three  days  as  a  yellowish  white  band 
with  irregular  or  knobbed  outline,  thin  in  the  centre  and  margin,  thicker  and  brownish 
in  the  intermediate  parts ;  on  potato  the  microbe  grows  only  at  higher  temperatures, 
28°-38°  C.     It  grows  slowly,  and  forms  a  waxy,  greyish  white  film. 

By  inoculation  of  minute  quantities,  a  drop  of  broth  culture,  into  the  subcutaneoug 
tissue,  or  by  feeding  fowls,  rabbits,  mice,  or  pigeons  with  culture,  the  disease  is  easily  re- 
produced.    In  guineapigs  and  sheep  it  produces  a  local  abscess  at  the  seat  of  inoculation. 

By  keeping  broth  cultures  for  some  months  Pasteur  has  succeeded  in  producing  by 
inoculation  of  fowls  a  local  cedematous  inflammation  ;  the  animals  became  only  shghtly 
affected,  but  recovered  and  showed  themselves  refractory  against  a  second  inoculation. 
Pasteur  thought  that  the  influence  of  the  oxygen  of  the  air  produced  the  attenuation  ;  it  is 
now  proved,  however,  that  this  is  not  so  (Kitt),  but  that  Pasteur  had  impurities  (accidental 
microbes)  in  his  broth  cultures,  which  at  first  attenuated  the  bacilli  of  fowl  cholera,  and 
as  time  went  on  altogether  suppressed  them ;  hence  the  broth  cultures  of  Pasteur  after 
the  lapse  of  some  months  proved  barren  of  all  pathogenic  action. 

Pasteur  has  shown  that  by  injection  of  large  quantities  of  broth  cultures,  from  which 
the  bacilli  of  fowl  cholera  have  been  previously  removed  by  filtration,  a  transitory  illness 
can  be  produced,  and  that  the  animals  show  themselves  afterwards  refractory  against 
inoculation  with  virulent  material.  Marchiafava  and  Celli  showed  that  the  microbe 
passes  from  the  mother  to  the  foetus,  probably  owing  to  ruptures  (haemorrhages)  in  the 
vessels  of  the  maternal  placenta. 

Eberth  and  Schimmelbusch  ('  Fortschritte  d.  Medicin,'  Bd.  VI.,  No.  8,  p.  295)  described 
an  acute  infectious  disease  in  mustela  furo — Frettohenseuche — showing  itself  chiefly  as 
pneumonia  with  enlarged  spleen  ;  in  the  heart's  blood,  in  the  inflamed  lung,  the  liver,  and 
■the  enlarged  spleen  there  are  present  numerous  motile  bacilli,  similar  in  many  respects  to 
the  bacillus  of  fowl  cholera,  swine  fever,  and  Wildseuche.  The  cultures  act  very  virulently 
on  sparrows,  less  virulently  on  pigeons ;  fowls  are  refractory;  in  rabbits  the  inoculation 
produces  only  a  local  inflammation  of  a  temporary  character,  and  the  same  results,  only 
milder,  are  produced  in  guineapigs. 

Duck  Cholera. — As  such,  Cornil  describes  a  fatal  infectious  disease  affecting  ducks, 
which  in  its  symptoms  and  causation  is  similar  to  fowl  cholera  ;  but  there  is  this 
difference  between  them,  that  the  disease  of  the  duck  is  not  transmissible  to  the  fowl. 
The  bacilli  are,  however,  similar  in  many  respects  to  those  of  fowl  cholera. 

On  account  of  the  morphological  and  cultural  similarities  presented  by  a  series  of 
pathogenic  microbes — bacillus  of  fowl  cholera,  bacillus  of  septicaemia  of  rabbits,  derived 
from  human  saliva  (Pasteur,  Sternberg),  bacillus  of  Davaine  septictemia,  bacillus 
of  Frettohenseuche,  bacillus  of  swine  fever,  bacillus  of  "Wildseuche  and  others — Hueppe 
and  also  Baumgarten  consider  them  to  be  identical,  and  they  call  the  disease  produced 
by  them  septicaemia  hfemorrhagica.  But  this  view  cannot  be  accepted,  since  the  ex- 
perimental results  produced  by  these  different  microbes  in  different  animals  are  utterly 
different  one  from  another ;  besides,  this  assertion  is  based  on  insufficient  observation 
even  of  the  cultural  characters  of  these  different  microbes.  Owing,  however,  to  their 
being  similar  in  size,  aspect,  and  general  character  in  culture,  they  certainly  belong  to 
the  same  family,  but  each  represents  a  well-defined  species. 

Fowl  Enteritis. — This  is  an  acute  fatal  infectious  disease  affecting  fowls,  but  not 
pigeons  and  rabbits,  and  by  this  alone  its  differentiation  from  fowl  cholera  is  estabhshed. 
Besides  the  microbe  and  its  distribution,  the  course  and  symptoms  of  the   disease  are 
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quite  distinct  from  fowl  cholera.  The  writer  has  met  with  the  fowl  enteritis  on  a  poultry 
farm  in  England,  where  it  caused  great  mortality.  After  an  incubation  of  three  to  four 
days,  the  affected  fowls  show  diarrhoea  of  fluid  greenish  evacuations,  are  quiet,  but  never 
show  sleepiness  or  drowsiness.  A  day  or  two  after  the  diarrhoea  has  set  in  they  are 
found  dead.  The  mucous  membrane  of  the  intestine  is  found  congested,  but  without 
haemorrhage,  the  internal  surface  of  the  mucous  membrane  coated  with  grey  or  yellowish 
mucus,  which  under  the  microscope  contains  numerous  leucocytes  and  detached  epithelial 
cells ;  the  liver  is  congested  and  brittle,  the  spleen  much  enlarged,  the  lungs  normal. 
In  the  heart's  blood  are  present  relatively  few  bacilli,  which  are  a  Uttle  longer  and  thicker 
than  those  found  in  fowl  cholera ;  the  spleen  contains  the  bacilli  numerously,  and  also  the 
vessels  of  the  liver  ;  the  mucus  of  the  intestine  contains  the  bacilli  in  almost  pure  culture. 
In  culture  the  microbe  distantly  resembles  the  bacillus  of  fowl  cholera,  except  that  its 
colonies  are  more  plaque-like  when  growing  on  the  surface  ;  the  microbe  is  non-mobile,  does 
not  form  spores,  and  is  killed  by  exposure  to  60°  C.  for  five  minutes,  as  also  by  drying. 
Pigeons  are  insusceptible,  rabbits  only  very  shghtly  susceptible.  By  feeding  of  fowls  with 
the  contents  of  the  intestine,  the  disease  can  be  produced  ;  by  subcutaneous  inoculation 
the  disease  can  be  produced,  both  with  the  blood  or  spleen  tissue  of  a  fowl  dead  of  the 
disease,  as  also  with  artificial  cultures  of  the  microbe.  In  aU  cases  the  animals  do  not 
show  any  illness  till  the  fourth  day  (this  is  also  an  important  distinction  from  fowl  cholera), 
or  more  generally  till  the  fifth  day ;  they  suffer  then  from  diarrhoea  and  are  quiet ;  on  the 
sixth  or  seventh  day  most  of  them  are  found  dead,  rarely  do  they  survive  till  the  eighth  day, 
nor  do  they  die  before  the  fifth  day.  This  course  of  the  disease,  the  symptoms,  and  the 
pathological  appearances  after  death  are  very  uniform,  and  definitely  distinguish  it  from 
fowl  cholera. 

By  heating  recent  broth  culture  to  55°  C.  for  twenty  minutes,  the  writer  has  succeeded 
in  so  attenuating  the  microbe  that  when  inoculated  into  fowls  these  become  slightly  ill, 
but  they  survive  and  prove  themselves  refractory  against  a  second  inoculation  with 
virulent  material.  The  writer  has  also  found  that  continued  sub-cultures  on  gelatine, 
kept  up  for  many  generations,  attenuate  the  microbe,  so  that  inoculations  with  such 
cultures  do  not  produce  death,  but  only  a  transitory  illness,  and  the  animals  are  hereby 
protected  against  a  second  inoculation. 

Grouse  Disease. — The  fatal  disease  which  affects  red  grouse,  and  known  as  the  grouse 
disease,  is  an  acute  infectious  disease,  of  which  the  chief,  and  we  may  say  the  essential, 
pathological  character  is  that  of  a  severe  pneumonia,  the  lungs  being  greatly  congested, 
and  sometimes  one  or  the  other  portion  almost  in  a  state  of  red  hepatisation  with  engorge- 
ment of  the  blood-vessels  and  extravasation  of  blood  into  the  air-spaces  ;  the  serosa 
and  mucosa  of  the  intestine  show  patchy  redness  ;  the  liver  is  greatly  congested  and  dark ; 
the  spleen  is  not  enlarged.  In  the  diseased  lung  and  in  the  liver  there  occur  in  the 
vessels  and  in  the  extravasated  blood  numerous  baciUi  singly,  or  more  commonly  in  larger 
or  smaller  groups,  sometimes  forming  emboli  in  the  capillary  blood-vessels.  These  bacilli 
belong  to  one  and  the  same  species  ;  they  are  motile,  either  oval  or  even  coccus-like,  and 
some  few  are  rod-shaped.  By  cultivation  on  gelatine  they  can  be  easily  obtained  in 
numerous  colonies  from  the  sanguineous  juice  of  the  lung  and  hver;  only  in  few  cases  are 
they  to  be  seen  in  the  heart's  blood,  both  in  cover-glass  specimens  and  in  culture.  The 
morphological  characters  of  the  microbe  are  shown  in  figs.  47-49. 

The  microbe  when  examined  from  a  cultivation  is  often  rod-shaped — more  often  than 
in  the  tissue  of  the  grouse.  The  motile  forms  are  common  in  recent  cultivations ;  in 
cultivations  some  days  old  most  of  the  microbes  are  non-motile.  Cultures  inoculated 
into  mice  and  guineapigs  produce  general  infection,  and  speedy  death,  mice  being  more 
susceptible  than  guineapigs  ;  in  both  animals  the  disease  produced  is  a  double-sided 
pneumonia.  Sparrows  are  also  susceptible,  but  less  so  than  the  common  bunting  and 
yeUow-hammer,  which  birds  are  highly  susceptible ;  also  in  these  the  disease  produced 
is  a  double-sided  pneumonia.  The  microbe  is  present  in  numbers  in  the  heart's  blood, 
but  particularly  in  the  diseased  lung. 

Fowls,  pigeons,  and  rabbits  are  insusceptible  to  the  disease.     These  two  species - 
the  bacillus  of  fowl  enteritis  and  the  bacillus  of  grouse  disease — owing  to  their  size  and 
cultural  characters,  also  belong  to  the  group  or  family  of  bacilli  mentioned  on  a  former 
page,  which  include  fowl  cholera,  septic£emia  of  rabbit,  Frettchenseuche,  swine  fever,  and 
Wildseuche. 

Swine  Erysipelas  (Mai  rouge,  Eouget,  Bed  Soldier). — An  acute  infectious  disease,  to 
which  swine  are  very  susceptible,  and  of  which  about  60  per  cent,  of  those  attacked 
succumb.  The  affected  animals  are  quiet,  their  voice  is  hoarse,  and  the  temperature  is 
much  raised ;  on  the  skin  of  the  neck,  chest,  abdomen,  and  thighs  extensive  red  patches 
of  swollen  cedematous  skin  are  noticed  ;  under  convulsions — occasionally  paralysis  of  he 
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hind  extremities — the  animals  die  in  from  twelve  hours  to  three  or  four  days  after  the 
first  symptom.  On  post-mortem  examination  hemorrhage  is  found  in  the  affected  patches 
of  the  skin,  the  lymph  glands  are  s'svoUen  and  much  congested,  the  peritoneum  is  inflamed, 
the  mucous  membrane  of  the  intestine  is  much  injected  and  cedematous,  the  Peyer's  glands 
are  swollen,  the  spleen  and  liver  are  much  congested  and  slightly  enlarged. 

The  blood  of  the  heart,  and  particularly  the  juice  of  the  lymph  glands  and  the  spleen, 
contain  fine  bacilli  very  similar  to  those  of  Koch's  mouse  septicemia  (Schiitz),  0'6-l-8  fj. 
long.  In  microscopic  sections  through  the  liver,  spleen,  kidney,  and  lymph  glands  the  bacilli 
are  easily  demonstrated  in  the  capillary  blood-vessels,  either  isolated  between  the  blood- 
corpuscles  or  enclosed  in  the  swollen  leucocytes.  As  regards  cultural  characters,  they 
completely  resemble  those  of  the  mouse  septicaemia  (Koch)  described  on  a  former  page. 

Swine  fed  or  inoculated  with  the  blood  or  tissues  of  a  swine  dead  of  the  disease  become 
also  affected.  Mice '  and  pigeons  are  very  susceptible  to  the  disease ;  guineapigs  and 
fowls  are  refractory  ;  rabbits  show  generally  only  a  local  effect ;  mice  die  in  two  or  three 
days,  pigeons  in  three  to  four  days ;  in  all,  the  blood  of  the  general  circulation  and  of 
the  organs  contain  abundantly  the  bacilli.  In  the  pigeon  numerous  white  blood-corpuscles 
in  the  vessels  of  the  viscera  are  filled  with  the  bacilli. 

Pasteur  has  shown  that  the  virus  in  its  passage  through  a  series  of  pigeons  increases  in 
virulence,  both  as  regards  the  pigeon  as  well  as  the  pig  ;  on  its  passage  through  a  series  of 
rabbits,  it  increases  in  virulence  as  regards  the  rabbit,  but  decreases  in  virulence  as  regards 
the  pig.  Pigs  inoculated  with  blood  of  the  last  rabbit  of  the  series  become  ill,  but  recover, 
and  are  then  found  protected  against  the  virulent  disease. 

Swine  Fever. — This  disease  prevails  largely  in  this  country ;  in  America  it  is  known 
as  hog  cholera,  on  the  continent  of  Europe  as  swine  plague.  It  is  a  highly  infectious 
disease,  spreading  from  animal  to  animal  by  way  of  air,  food,  water,  the  lungs  and  bronchi 
and  the  intestines  being  the  chief  seat  of  the  disease,  and  containing  the  virus.  The 
infection  is,  under  natural  conditions,  attributable  to  the  virus  being  derived  from  and 
spread  by  the  expectoration  of  the  lungs  and  the  evacuations  of  the  bowels.  Both  by 
feeding,  respiration,  and  by  inoculation  with  particles  of  the  diseased  lung  and  intestine, 
the  disease  is  easily  reproduced  in  healthy  swine.  After  an  incubation  period  varying 
from  between  two  days  and  six  to  seven  days  the  animals  are  quiet  and  refuse  food,  the 
body  temperature  shows  slight  rise,  red  patches  of  a  transitory  nature  are  noticed  on  the 
belly  and  thighs  ;  cough  and  occasionally  diarrhcea  of  fluid  evacuations  soon  declare  them- 
selves; the  inguinal  lymph  glands  appear  enlarged.  In  severe  cases  the  diarrhoea  increases, 
the  fever  continues,  the  cough  becomes  more  pronounced;  this  state  lasts  for  a  few  days, 
seldom  more  than  a  week,  and  under  general  prostration  the  animal  succumbs.  In  a  large 
percentage  (50)  of  cases  the  animals  recover.  In  a  considerable  percentage  of  cases,  the 
disease  is  very  mild  and  diagnosed  only  with  difliculty :  the  rise  of  temperature  is  but 
slight  and  transitory,  lasting  only  a  day  or  two ;  the  animals  feed  fairly  well,  and  have  a 
slight  cough  occasionally  and  at  long  intervals  ;  the  inguinal  glands  are  slightly  enlarged. 
These  symptoms  are  so  slight  and  so  httle  marked  that  it  requires  careful  examination  to 
diagnose  the  disease  ;  nevertheless,  on  auscultation  of  the  chest,  distinct  lung  disease  may 
be  recognised.  On  post-mortem  examination  of  such  slight  cases  the  disease  of  the  lung 
is  easily  confirmed. 

In  the  well-pronounced  cases  terminating  in  death  the  post-mortem  examination 
shows  the  following  appearancees  :  the  lungs  of  both  sides  show  severe  extensive  lobar 
pneumonia,  involving  sometimes  the  greater  part  of  the  lung;  in  recent  cases  the  lobules 
show  all  stages  between  congestion  (punctiform  haemorrhages)  and  hepatisation  ;  the  lobes 
that  are  longer  affected  show  more  consolidation,  and  the  older  this  is,  the  more  grey, 
solid  and  necrotic,  dry  and  friable,  is  this  part  of  the  lung  ;  the  septa  between  the  lobes 
are  cedematous  and  well  marked  ;  the  bronchi  and  trachea  contain  grey  and  sanguineous 
muco-pwrulent  matter  ;  the  endocardium  of  the  left,  and  occasionally  of  the  right  ventricle 
near  the  atrio-ventricular  valves,  and  also  these  latter  show  patchy  and  punctiform  hemor- 
rhages ;  the  Uver  is  congested,  and  occasionally  shows  dark  red  patches,  due  to  hemor- 
rhage ;  the  spleen  is  enlarged  and  dark ;  the  colon  and  cecum,  particularly  the  former, 
contain  punctiform  hemorrhages  ;  in  many  cases  also  prominent,  round  or  oval  isolated, 
or  in  severe  cases,  more  or  less  confluent  ulcers  (necrosis),  showing  an  infiltrated  base, 
and  being  stained  greenish  black  by  altered  bile  pigment ;  between  a  few  small  round 
ulcers  near  the  ileo-cecal  valve  to  very  numerous  extensive  ulcerations,  comprising  occa- 
sionally extensive  areas  of  the  mucous  membrane  of  the  cecum  and  colon,  all  intermediate 

'  Mice  die  with  congested  and  enlarged  spleen  and  greatly  congested  lungs ;  the  intes- 
tines are  relaxed  and  filled  with  sanguineous  mucus  ;  the  kidney  and  liver  are  enlarged 
and  congested. 
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stages  can  be  noticed  {see  Klein,  in  ttie  '  Eeport  of  the  Medical  Officer  of  the  Local 
Government  Board  for  1878).' 

In  the  stomach  haemorrhagic  patches  can  occasionally  be  seen.  The  lymph  glands 
along  the  bronchi,  and  the  mesenteric  and  pelvic  glands,  are  swollen,  juicy,  dark  red,  in  part 
or  wholly,  and  contain  hemorrhages.  The  peritoneum  is  inflamed,  and  on  its  surface 
are  clumps  of  solid  lymph  composed  of  leucocytes.  Owing  to  the  lungs  and  intestines 
being  found  constantly  affected,  the  disease  has  been  designated  by  the  writer  pneumo- 
enteritis  ;  but  in  Germany  (Schiitz)  and  in  America  (Salmon),  it  is  asserted  that  the  above 
disease  is  really  two — one  a  disease  of  the  lung,  the  other  of  the  intestine  ;  but  from  ex- 
periments made  on  a  large  scale  with  diseased  lung,  and  with  diseased  intestine,  and  from 
the^ost-niortejn  appearances  in  well-defined  localised  outbreaks  that  the  writer  has  made, 
he  is  of  opinion  that  this  division  cannot  be  maintained,  but  that  the  swine  fever  in  this 
country  is  one  single  disease,  viz.  pneumo-enteritis.  Microscopic  examination  of  the  lung 
and  intestine  shows  that  the  disease  really  commences  with  congestion,  stasis,  and  haemor- 
rhage, leading  to  infiltration  and  necrosis  of  the  affected  parts.  The  cause  of  the  disease 
is  a  bacillus,  which,  in  the  affected  tissues  of  the  pig,  appears,  as  a  rule,  as  a  short  rod, 
often  constricted  in  the  middle ;  in  fluid  cultivations  (broth)  and  in  animals  (rabbits, 
mice)  as  a  cyUndrical  rod,  singly  or  in  dumb-bells,  occasionally  growing  to  considerable 
length,  and  forming  longer  or  shorter  chains  ;  but  there  can  be  always  found  short  forms 
almost  like  oval  cocci,  rods,  and  cyhndrical  bacilli.  Cover-glass  specimens  and  cultures 
of  the  lung,  spleen,  lymph  glands,  and  the  sub-mucous  tissue  of  the  affected  intestine, 
demonstrate  the  presence  of  the  bacilh.  These  bacilli  are  motile,  though  the  motility  is 
observed  in  a  minority ;  in  cultivations  in  broth,  gelatine,  and  agar,  many  of  the  bacilli 
are  motile  during  the  first  few  days,  but  lose  their  motility  later.^ 

In  gelatine  plate  cultivations  the  colonies,  when  first  noticed,  i.e.  after  about  twenty- 
four  hours,  are  greyish  dots  ;  in  two  to  three  days  they  are  conspicuous  as  whitish  round 
specks  of  about  the  size  of  a  large  pin's  head ;  in  transmitted  hght  they  appear 
brownish,  granular.  In  stab  cultures,  the  stab  of  inoculation  becomes  marked  as  a  white 
line  made  up  (when  seen  under  a  glass)  of  minute  globules  closely  placed  side  by  side ;  on 
the  surface  of  the  stab  is  a  small  irregularly  outlined  whitish  patch.  In  streak  culture 
the  line  of  inoculation  is  occupied  in  a  few  days  by  a  grey  band,  knobbed  or  crenated  in  its 
outline.  On  agar  the  growth  (at  37°  C.)  is  a  greyish  brown  smeary  film,  rapidly  spreading 
over  the  surface  of  the  agar.  In  alkaline  broth  at  37°  C.  uniform  turbidity  is  produced ; 
after  a  few  days  a  voluminous  greyish  white  precipitate  is  noticed  at  the  bottom  of  the 
tube.    No  distinct  pellicle  is  formed  on  the  surface. 

Inoculation  of  swine  with  cultures  produces  the  disease,  but  this  does  not  lead  to  death, 
and  such  animals  after  recovery  show  themselves  refractory  against  inoculation  with 
material  of  the  diseased  lung  or  intestine. 

Inoculations  into  guineapigs  with  material  from  the  diseased  swine  produce  at  the 
seat  of  inoculation  hasmorrhagic  infiltration  and  thickening,  sometimes  leading  to  death  ir 
two  or  three  days  ;  often,  however,  the  thickening  passes  off  in  a  week  or  so ;  culture; 
injected  subcutaneously  in  guineapigs  produce  thickening  at  the  seat  of  inoculation 
but  rarely  death. 

Inoculation  into  mice  of  minute  particles  of  material  of  the  diseased  lung,  or  intestine, 
or  of  gelatine  or  broth-culture  of  the  bacillus  of  swine  fever,  causes  disease  and  death  in 
four  to  eight  days :  the  spleen  is  found  enlarged  and  dark  ;  the  liver  is  mottled  with  grey 
dots,  streaks,  and  patches  of  necrotic  tissue  ;  the  peritoneum  is  inflamed,  and  so  are  the 
kidneys,  as  also  both  lungs.  Cover-glass  specimens  and  cultures  from  the  heart's  blood, 
liver,  kidney,  and  particularly  the  spleen,  demonstrate  the  presence  of  the  bacilli  in  large 
numbers  (see  fig.  56).  Among  the  bacilli  in  the  spleen,  numerous  long  cylindrical  rods 
can  be  seen.  In  the  kidney  many  of  the  capillaries  of  the  glomeruli  are  plugged  by  the 
bacilli,  so  also  in  the  liver. 

In  the  rabbit,  inoculation  produces  disease  and  death  in  a  few  days:  the  spleen 
is  slightly  enlarged,  the  lungs  are  inflamed,  the  kidney  is  much  congested  in  the  cortex. 
Here  also  the  bacilli  can  be  easily  demonstrated  in  the  heart's  blood,  the  liver,  and  the 
kidney ;  in  this  latter  many  Malpighian  corpuscles  show  the  capillaries  of  the  glomeruli 
plugged  with  masses  of  the  bacilh. 

As  we  mentioned  above,  although  the  microbe  of  Davaine's  or  Koch's  septicemia  in 


'  It  is  curious  to  find  Fliigge  (Die  Microorganismen,  2nd  edition,  1886,  p.  249)  main- 
taining that,  because  the  writer  stated  that  the  bacillus  of  swine  fever  is  motile  like  a 
bacterium  termo,  he  could  not  have  had  before  him  the  bacillus  of  swine  fever,  Fliigge 
evidently  considers  swine  erysipelas  and  swine  fever  as  one  disease. 
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the  rabbit,  the  microbe  of  fowl  cholera,  and  others  (Prettchenseuche,  Wildseuche,  fowl 
enteritis),  and  the  microbe  of  swine  fever  are  in  many  microscopic  and  cultural  respects 
similar,  it  is  erroneous  to  suppose  that  they  are  identical ;  there  are  sufficient  differences 
amongst  them  in  cultural  respects  alone  to  distinguish  between  them  ;  but  in  their  action 
on  animals  they  are  distinctly  different.  The  microbe  of  Davaine's  or  Koch's  septicsemia 
produces  a  disease  in  rabbits,  and  particularly  in  mice,  different  from  that  of  the  microbe 
of  swine  fever  ;  the  microbe  of  fowl  cholera  and  of  rabbit  septicemia  act  differently  on 
swine  from  that  of  swine  fever.  But  all  these,  no  doubt,  belong  to  the  same  group  or 
family  of  species  as  mentioned  above  ;  their  microscopic  and  cultural  characters,  and  to  a 
•certain  degree  also  their  action  on  animals,  being  similar  though  not  identical. 

A  disease  amongst  cattle  (Rinderseuche)  and  horses,  and  amongst  deer  (Wildseuche), 
manifesting  itself  in  diffuse  pneumonia  and  hsemorrhagie  enteritis,  but  without  necrotic 
■change  (consolidation  and  dryness)  of  the  lung,  and  without  ulceration  of  the  intestine, 
was  first  recognised  by  Bollinger.  Kitt  has  shown  that  this  affection  is  caused  by  a 
bacillus  in  many  respects  (morphological  and  cultural)  similar  to  that  of  fowl  cholera, 
rabbit's  septicaemia,  and  swine  fever  ;  and  Kitt  and  Hueppe  maintain,  indeed,  the  identity 
of  all  of  these  microbes  ;  but  the  evidence  brought  forward  by  them  is  not  satisfactory. 
True,  rabbits  inoculated  with  the  microbes  obtained  from  Davaine's  septicaemia,  fowl 
cholera,  swine  fever,  or  Wildseuche  succumb  under  the  symptoms  of  Davaine  septicaemia  ; 
it  is  hkewise  true  that  pigeons  inoculated  with  cultures  derived  from  either  of  these 
diseases  die  with  symptoms  similar  to  fowl  cholera  ;  still  a  great  deal  remains  yet  to  prove 
the  identity,  as  regards  the  action  on  swine,  of  the  bacteria  of  rabbit's  septicsemia,  fowl 
cholera,  and  Wildseuche.  To  mention  only  one  series  of  difficulties.  Fowls,  as  mentioned 
above,  are  highly  susceptible  to  the  microbe  of  fowl  cholera,  but  they  are  insusceptible  to 
the  microbes  of  swine  fever  or  Wildseuche. 

BiUings  ('  Texas  Fever,'  Lincoln,  Nebraska,  1888)  describes  a  species  of  small  motile 
bacilli,  closely  related  to  the  bacilli  of  swine  fever,  both  as  to  morphology,  cultural  and 
pathogenic  characters,  as  the  cause  of  the  cattle  plague  in  Texas  and  other  southern 
parts  of  the  United  States. 

Charbon  symptomatique. — This  disease,  affecting  young  cattle  and  sheep, 
occasionally  produces  great  mortality  amongst  them,  particularly  amongst 
the  former.  Owing  to  its  involving  chiefly  one  of  the  hind  extremities  in 
the  form  of  a  large  subcutaneous  tumour,  which,  on  incision,  shows  a  quan- 
tity of  sanguineous,  discoloured,  almost  black  fluid,  the  disease  is  called 
quarter  ill  or  black  leg.  Owing  to  its  slight  resemblance  to  anthrax  (large 
tumour  containing  serous  sanguineous  fluid)  it  is  called  in  France  charbon 
symptomatique ;  in  Germany  it  is  called  Bausclibrand,  on  account  of  the 
emphysematous  nature  of  the  tumour,  and  on  account  of  the  gangrenous 
nature  of  the  infiltrated  tissues.  The  disease,  when  it  appears,  rapidly 
spreads  amongst  young  cattle  and  sheep,  seldom  amongst  horses ;  it  is  unknown 
amongst  swine  or  poultry.  The  animals  affected  are  quiet,  do  not  feed,  and 
show  high  temperature ;  on  one  or  other  of  the  quarters — generally  one  of  the 
hind— there  appears  a  large  diffuse  swelHng,  on  account  of  which  the  animal 
is  lame  and  cannot  move  that  extremity.  In  the  course  of  thirty-six  to  forty- 
eight  hours  death  takes  place.  On  post-mortem  examination  the  tumour  is 
seen  to  be  located  subcutaneously  ;  here  the  connective  and  muscular  tissues 
are  dark,  almost  black,  gangrenous,  and  contain  a  large  quantity  of 
sanguineous  serum  and  a  large  quantity  of  gas  bubbles  (said  to  be  CO2  and 
methane).  The  infiltration  with  sanguineous  serous  fluid  extends  for  some 
distance  into  the  adjacent  parts  of  the  muscular  tissue  ;  there  is  conges- 
tion of  the  liver,  spleen,  kidney,  and  particularly  the  subcutaneous  lymph 
glands :  these,  beginning  from  near  the  tumour,  are  found  swollen,  dark, 
and  on  incision  a  sanguineous  fluid  oozes  out  from  them.  The  spleen  is  only 
very  slightly  enlarged.  Cover-glass  specimens  of  the  subcutaneous  and 
muscular  infiltration  at  or  near  the  tumour,  particularly  of  the  subcutaneous 
lymph  glands,  show  in  considerable  numbers  small  motile  bacilli  3-5 /x 
long,  and  about  0-5  /a  thick  :  they  are  rounded  at  their  ends,  and  some  con- 
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tain  terminally  a  bright  oval  spore  ;  others  possess  a  terminal  enlargement 
without  a  spore  (Bollinger,  Arloing,  Cornevin,  and  Thomas). 

Immediately  after  death  the  bacilli  are  not  easily  demonstrable  in  the 
heart's  blood,  being  present  only  in  small  numbers,  though  they  can  be 
shown  to  be  present  in  the  liver,  spleen,  and  kidney,  but  always  more 
numerously  if  some  hours  are  allowed  to  elapse  after  death. 

The  exudation  of  the  tumour  or  of  the  surrounding  muscular  tissue  injected 
subcutaneously  into  guineapigs  in  comparatively  large  quantities  (^1  Pravaz 
syringe)  produces  the  same  kind  of  emphysematous  gangrenous  infiltration 
with  sanguineo- serous  exudation  at  or  near  the  place  of  inoculation ;  the 
animals  die  in  from  twenty-four  to  sixty  hours,  the  internal  viscera  show  great 
congestion ;  in  the  subcutaneous  tumour,  in  the  blood  of  the  heart,  and  in  the 
juice  of  the  viscera,  the  bacilli  can  be  easily  demonstrated  ;  in  the  blood  and 
viscera  they  are  fairly  numerous  if  some  hours  have  elapsed  after  death  {see 
fig-  71). 

If  only  a  drop  or  two  be  injected,  the  guineapigs,  though  they  become 
affected  with  the  local  disease,  do  not  succumb,  but  show  themselves  refrac- 
tory against  infection  with  large  quantities,  such  as  in  control  animals  would 
invariably  produce  death.     Eabbits  are  only  slightly  susceptible. 

Arloing,  Cornevin,  and  Thomas  have  brought  to  light  various  important 
facts  connected  with  the  action  of  the  bacilli.  These  authors  cultivated  the 
bacilli  in  broth,  but  they  found  that  the  bacilli  grow  best  in  chicken  broth, 
glycerine  and  sulphate  of  iron,  provided  oxygen  (air)  is  excluded  ;  they 
are,  therefore,  true  or  obligatory  anaerobic  bacteria.  They  grow  well  in  grape 
sugar  gelatine,  but  must  be  inoculated  into  the  depth  of  it.  The  character 
of  the  growth  is  similar  to  that  produced  by  Koch's  malignant  oedema 
bacillus,  except  that  the  former  forms  fewer  gas  bubbles,  grows  much  faster, 
and  afterwards  does  not  form  such  voluminous  fluffy  masses  in  the  liquefied 
gelatine  as  the  bacillus  of  malignant  oedema. 

Arloing,  Cornevin,  and  Thomas  have  shown  that  if  small  quantities  of  the 
fluid  of  the  natural  tumour  be  injected  subcutaneously  into  cattle,  only  a  local, 
though  typical  tumour  is  the  result ;  the  animals  recover,  and  then  are  pos- 
sessed of  immunity  against  further  inoculation  with  otherwise  fatal  doses. 

Further,  they  found  that  three  to  five  drops  of  the  tumour  fluid  injected 
into  the  vein  of  cattle — but  without  inoculating  the  subcutaneous  tissue 
around  the  vein — produce  only  a  transitory  febrile  disturbance  ;  the  animals 
quickly  recover,  and  show  themselves  refractory  against  subcutaneous  fatal 
doses.  A  safe  mode  of  protective  inoculation  used  by  these  observers  succes- 
fuUy  on  a  large  scale  is  this  :  The  tumour  fluid  is  rapidly  dried  at  32-35°  C, 
then  it  is  rubbed  up  with  water,  and  heated  to  100°  C.  Another  lot  is 
treated  in  the  same  way,  but  heated  only  to  85°  C. ;  the  first  lot  represents 
a  first  vaccine  {premier  vaccin),  the  second  lot  a  second  vaccine  {deuxieme 
vaccin) ;  both  can  be  dried  and  sent  to  distances  ;  when  required  for  use  the 
dried  matter  is  rubbed  up  in  100  parts  of  water,  and  of  this  1  c.c.  per  animal 
is  subcutaneously  injected.  The  premier  (weaker)  vaccine  must  be  used  first ; 
after  the  lapse  of  about  ten  or  twelve  days  the  deuxi&me  (stronger)  vaccine 
is  injected.  Animals  thus  twice  vaccinated  proved  themselves  completely 
protected  against  a  fatal  and  virulent  dose  taken  from  the  natural  tumour. 

Though  there  exists,  both  as  regards  the  pathology  and  the  microbes,  a 
certain  resemblance  between  the  malignant  oedema  and  the  charbon  symp- 
tomatique,  this  resemblance  is  only  superficial,  and  there  can  be  little  doubt 
that  the  two  diseases  in  their  pathology,  in  their  microbes,  and  their  trans- 
missibility  or  non-transmissibility  to  certain  animals  are  totally  different 
diseases. 
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CHAPTEE  XV 

ANTSBAX 

Anthrax  is  a  fatal  acute  disease  affecting  naturally  sheep,  cattle,  horses,  goats, 
deer,  and  man.  A  conspicuous  symptom  on  post-mortem  examination  is  the 
dark,  greatly  congested  and  enlarged  spleen,  the  enlargement  amounting  to 
three  or  four  times  the  natural  size  of  this  organ ;  hence  the  name  Milz- 
brand,  or  splenic  apoplexy.  In  sheep  and  cattle  there  occur  hemorrhagic 
exudations  under  the  skin  of  various  regions,  the  exudation  forming 
tumours  of  a  dark  to  black  gelatinous  nature ;  hence  the  name  anthrax, 
charbon:  in  human  beings  affected  by  accidental  inoculation  of  the  skin,  a 
large  pustule  or  swelling  with  black  core  is  found  ;  hence  the  name  malig- 
nant pustule,  or  carbuncle.  This  disease,  when  naturally  contracted  by  sheep, 
cattle,  goats,  and  horses,  declares  itself  by  rise  of  temperature,  and  rapid  loss 
of  muscular  power  ;  the  animals  are  very  quiet,  do  not  move  and  do  not  feed ; 
twenty-four  hours  after,  or  even  sometimes  before,  they  are  found  dead.  In 
some  virulent  epidemics  of  anthrax  the  animals  have  been  seen  to  die  in  a 
few  hours  after  the  first  symptoms  set  in;  such  cases  are  known  as  ful- 
minating anthrax.  On  post-mortem  examination,  gelatinous  sanguineous 
tumours  are  found  in  various  parts  under  the  skin  ;  the  spleen  is  dark,  soft,  full 
of  blood,  and  several  times  its  natural  size  ;  the  liver,  lungs,  kidney,  stomach, 
intestines  and  lymph  glands  are  greatly  congested,  and  often  show  hemor- 
rhages ;  the  serous  membranes  are  congested  and  show  petechise  ;  the  blood 
has  not  much  tendency  to  coagulate.  Examined  under  the  microscope,  in 
all  these  organs  the  capillaries  and  veins  are  found  distended  and  filled  with 
blood ;  in  many  places,  e.g.  in  the  alveoli  and  bronchi  of  the  lung,  in  the 
spleen,  in  the  vessels  of  the  liver,  kidney,  omentum,  intestinal  mucous 
membrane,  and  subcutaneous  tissue,  there  are  ruptures  of  the  capillaries 
and  small  veins,  in  consequence  of  which  blood  en  masse  is  effused  into  the 
surrounding  tissue.  In  sheep,  goats,  horses,  and  cattle  there  are  always 
sanguineous  effusions  from  the  stomach  and  lungs  by  the  mouth  and  nose, 
from  the  kidney  and  bladder  by  the  urethra,  and  from  the  intestine  by  the 
anus. 

Brauell  and  Davaine,  about  twenty-five  years  ago,  showed  that  in  the  blood 
of  the  general  circulation,  in  the  spleen,  and  in  the  subcutaneous  effusions 
there  always  occur  straight,  non-motile  rods  (bacteridie  of  Davaine),  which 
were  considered  to  be  probably  connected  with  the  cause  of  the  disease. 
Ziirn,  Klebs,  and  others  have  shown  that  the  blood  of  animals  dead  of  an- 
thrax— which  blood  is  very  virulent  when  inoculated  into  fresh  animals,  for 
it  produces  the  fatal  disease — fails  to  produce  the  disease  after  the  rods 
are  removed  from  the  blood  by  filtration. 

Eoch  in  1876  carefully  studied  these  rods,  and  has  shown  that  they 
are  bacilli,  which  except  for  their  non-motility,  and  certain  small  differ- 
ences— to  be  mentioned  presently — grow  and  multiply,  and  form  threads 
and  spores  after  the  manner  of  the  bacillus  subtilis  of  Cohn.  Koch  studied 
directly  under  the  microscope  bits  of  spleen  removed  from  a  mouse  dead 
of  anthrax  after  inoculation,  and  he  saw  how  the  rods  elongate  and 
divide,  how  they  gradually  grow  out  into  smooth  threads  in  which  after 
a  day  or  two  bright  ghstening  oval  spores  appear,  how  in  the  meantime 
the  threads  swell  up  and  disintegrate  and  the  spores  become  free  ;  he 
further  observed  how  such  spores  germinate  again  into  the  baciUi  {see 
a  former  chapter),  how  these  again  multiply  by  division,  grow  into  threads, 
and  finally  again  form  the  bright  oval  spores.     With  the  spores,  by  inocula- 
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tion  of  mice  and  guineapigs,  he  readily  produced  anthrax,  and  death  in 
thirty-six  to  forty-eight  hours ;  the  spleen  of  these  animals  was  found 
greatly  enlarged,  dark,  full  of  blood,  every  drop  of  the  blood  of  the  spleen 
and  the  general  circulation  teeming  with  the  bacilli.  In  microscopic 
sections  he  found  the  capillary  blood-vessels  in  many  organs  almost  filled 
with  the  bacilli. 

The  bacilli  are  found  in  the  blood  and  spleen  of  every  animal  dead  of 
anthrax,  more  numerously  after  than  before  death,  though  there  is  no 
difficulty  in  demonstrating  them  an  hour  or  so  before  death ;  a  few  hours 
after  death  they  are  found  as  a  rule  in  the  blood  of  the  spleen  in  great 
crowds,  and  to  a  lesser  degree  in  that  of  the  general  circulation. 

In  fine  sections  through  the  spleen  a  very  striking  difference  is  noticed 
between  the  pulp  and  the  Malpighian  corpuscles,  the  former  being  full 
of  the  bacilli,  the  latter  containing  them  either  not  at  all  or  only 
sparingly. 

The  bacilh  examined  fresh  are  non-motile  rods,  homogeneous-looking, 
more  or  less  truncated  at  their  ends  ;  their  length  differs  very  greatly  from 
cylindrical  rods  to  short,  uniform  threads  or  chains  of  bacilli,  the  latter 
5-20  /A  in  length  ;  their  thickness  amounts  to  1  /*  or  a  httle  over.  There 
exist  certain  differences  in  so  far  as  most  of  the  bacilli  in  the  blood  and 
spleen  are  shorter  when  death  ensues  rapidly  than  when  it  ensues  late, 
say  after  three  days  or  later  ;  in  the  guineapig  dead  from  inoculated  anthrax, 
in  between  thirty-six  and  forty-eight  hours,  the  bacilli  are  longer  than  in  the 
sheep  dead  in  the  same  time ;  the  bacilli  are  also  a  little  thicker  in  the 
guineapig  than  they  are  in  the  mouse  or  sheep.  Koch  was  the  first  to  show 
in  cover-glass  specimens  of  the  blood  or  spleen  juice  (dried  and  stained)  that 
the  bacilli,  though  in  the  fresh  state  they  appeared  as  uniform  cylindrical  rods, 
are  really  made  up  of  short,  cubical,  or  more  or  less  elongated  protoplasmic 
elements,  all  with  square  cut  or  even  with  concave  ends,^  and  this  appear- 
ance has  a  certain  diagnostic  value,  since  it  is  not  generally  seen,  or  at  any 
rate  it  is  not  so  marked  in  other  bacilli ;  but  it  must  be  remembered  that 
the  above  character  is  not  invariably  shown  by  the  anthrax  bacilli ;  in  the 
mouse  many  baciUi  do  not  show  it,  since  many  of  the  longer  forms  are  made 
Tip,  not  of  short  cubical,  but  of  long  cyhndrical  elements,  and  further  the  writer 
has  seen  bacilli  (e.g.  the  bacillus  filamentosus)  in  which  the  above  appear- 
ance was  as  pronomiced  as  in  typical  anthrax  bacilh. 

The  longer  baciUi  or  their  chains,  taken  from  an  animal  dead  of 
anthrax,  or  from  an  artificial  culture,  and  examined  in  dried  and  stained 
cover-glass  specimens  show  within  a  common  sheath  cubical  or  rod-shaped 
cylindrical,  square  cut,  stained  masses  of  protoplasm  ;  these  are  the  real 
bacillary  elements  ;  the  cyhndrical  elements  often  show  a  middle  constriction 
more  or  less  deep,  indicating  the  division  into  two  elements  :  these  will  be 
of  course  cubical  if  the  original  cylindrical  element  is  short ;  between 
adjoining  elements  a  transverse  septum  can  be  occasionally  seen.  In  speci- 
mens made  of  artificial  cultures  these  appearances  are  more  easily  noticed, 
since  they  are  more  pronounced  ;  in  some  anthrax-threads  of  cultures  all 
elements  constituting  a  thread  are  separated  one  from  another  by  a  trans- 
verse septum. 

The  mode  of  infection  of  animals  under  natural  conditions  is  effected 
by  their  grazing  on  la^nd  previously  infected  with   the  spores  of  bacillus 

'  The  illustrations  given  by  Koch  and  others  as  to  the  concave  ends  of  the  bacilli  seen 
in  dried  and  stained  cover-glass  specimens,  though  of  diagnostic  value,  are  not  pre-formed, 
but  are  due  to  the  methods  employed ;  in  sections  through  the  properly  prepared  or  fresh 
tissues  the  bacilh  do  not  show  this  appearance. 
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anthracis.  As  mentioned  above,  in  sheep,  goats,  cattle,  and  horses  there 
are  always  discharges  from  the  mouth,  nose,  anus,  and  urethra,  full  of  the 
bacillus  anthracis :  these  discharges  soak  into  the  soil  where  the  animal  fahs 
dead  of  anthrax.  If  the  superficial  soil  is  favourable  for  the  multipHcation 
of  the  bacilli  and  the  formation  of  the  spores — and  most  soil  in  the  spring 
and  summer,  owing  to  temperature  and  an  abundance  of  proteid  nutritive 
material  and  on  account  of  its  containing  air,  is  favourable  both  for  the  multi- 
plication of  the  bacilh  and  for  the  spore -formation,  particularly  when  owing 
to  the  presence  of  a  small  amount  of  hme  the  reaction  of  the  superficial  layers 
is  only  neutral  or  even  shghtly  alkaline — very  soon  a  large  and  abundant  crop 
of  spores  will  be  the  result.  Add  to  this  the  circumstance  that  when  an 
animal  falls  dead  of  anthras  in  a  field,  it  is  not  at  once  buried ;  nor  is 
the  earth  surrounding  the  animal  and  saturated  with  the  mf  ective  discharges 
disinfected  ;  but,  on  the  other  hand,  the  animal  is  generally  carted  away  to 
a  distant  point  in  the  field,  perhaps  a  corner  where  the  dead  animals  are 
buried;  and  in  this  way  blood  and  fluids  full  of  the  bacilli  are  dropped 
about ;  besides,  before  being  buried  the  animal  is  generally  skinned,  and 
hereby  a  lot  of  blood  full  of  the  bacilh  is  smeared  about  the  ground.  Every 
copious  watering,  as  by  the  spring  and  autumn  rains,  will  subsequently  dis- 
tribute the  spores  over  wide  areas;  these  spores,  owing  to  the  favourable 
temperature  during  the  spring,  summer,  and  early  autumn,  will  be  able  to 
germinate,  and  by  multiphcation  of  these  bacilh  to  produce  an  abundance 
of  further  bacilli  in  which  spore-formation  will  again  proceed.  Thus 
within  a  few  seasons  an  amount  of  infective  spores  will  be  produced  capable 
of  giving  infective  power  to  large  areas.  Sheep  or  cattle  feeding  or  grazing 
on  such  land  are  liable  to  infect  themselves  with  the  spores.  Feeding 
on  bacilh  alone  does  not  produce  infection,  as  has  been  proved  by  numerous 
experiments,  but  spores  may  pass  unscathed  through  the  stomach  and  be 
absorbed  into  the  system,  and  thus  produce  anthrax  ;  likewise  inhalation  of 
spores  produces  anthrax.  Water  mfected  with  spores  of  anthrax  from  such 
a  field,  or  from  other  sources,  is  infective  for  sheep  and  cattle. 

Infection  through  cutaneous  inoculation  (abrasions,  ulcers,  &c.)  is  not 
common  in  sheep  or  cattle,  though  in  horses,  infection  and  local  maHgnant 
pustule  is  not  uncommon.  Men  that  have  handled  the  carcases  of  sheep,. 
cattle,  and  goats  dead  of  anthrax  have,  by  subsequently  grooming  horses, 
been  kTiown  to  moculate  these  latter  with  anthrax,  in  consequence  of  which 
mahgnant  pustule  has  been  produced  at  the  seat  of  inoculation,  leading 
occasionally,  if  not  cut  out,  to  general  fatal  infection  with  anthrax. 

Bolhnger  has  shown  that  infection  of  animals  may  be  eflected  by  the 
instrumentality  of  flies :  these,  having  been  previously  sitting  on  the  carcase 
of  an  animal  dead  of  anthrax,  carry  matter  (blood,  oral,  nasal,  and  other 
discharges),  containing  the  bacilh  anthracis,  to  another  animal  on  which 
they  alight,  particularly  on  sores  or  abrasions  of  such  an  animal,  and  hereby 
inoculation  with  the  anthrax  bacilh  may  be  easily  effected. 

Pasteur  maintained  that  in  the  body  of  sheep,  dead  of  anthrax  and  then 
buried,  the  baciUi  form  spores,  which  latter  in  the  course  of  years  may  be 
brought  up  to  the  surface  by  earthworms,  and  become  a  source  of  infection 
for  animals  grazing  here.  Koch  has  shown  that  the  bacilli  anthracis  do  not 
form  spores  unless  well  exposed  to  air ;  they  do  not  form  spores  within  the 
body  of  an  animal  dead  of  anthrax.  The  statement  of  Archangelski,  that  in 
the  blood  of  the  hving  animal  affected  with  anthrax  there  occur  '  spores,' 
which  under  certain  conditions  of  cultivation  can  be  shown  to  divide  and 
to  multiply  as  spores,  cannot  be  accepted  as  correct,  as  the  writer  has 
shown  in  his  Eeport  to  the  Medical  Officer  of  the  Local  Government  Board 
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for  1882.  Further,  the  writer  has  there  shown  {ibid.  1882)  that  if  an 
animal  dead  of  anthrax  is  buried  or  left  unopened,  all  bacilli  anthracis  in  the 
blood  and  organs  of  such  an  animal  degenerate  in  the  course  of  several  days, 
so  that  even  large  quantities  of  blood  or  spleen  taken  after  this  period  and 
injected  into  a  suitable  animal  do  not  produce  anthrax.  Mice  and  guineapigs 
dead  of  anthrax  are  buried  in  earth  or  left  unopened,  after  a  week  the  spleen 
is  used  for  inoculation  of  mice  and  guineapigs,  but  it  fails  to  produce  anthrax 
{ibid.  1882)  ; '  the  bacilli,  not  having  been  able  to  compete  with  putrefactive 
organisms,  and  no  free  oxygen  being  present,  have  all  degenerated. 

Anthrax  in  man  takes  place  after  inoculation  of  a  cutaneous  wound  by 
persons  handling  the  carcases  of  animals  dead  of  the  disease,  e.g.  grooms,  shep- 
herds, cattle  drovers,  butchers,  knackers,  &c.  The  place  of  inoculation  becomes 
a  large,  more  or  less  firm,  discoloured,  painful  tumour  after  sixteen  to  twenty- 
four  hours ;  in  its  centre,  i.e.  at  the  point  of  inoculation,  there  is  a  black 
core ;  the  connective  tissue  of  the  tumour  is  greatly  infiltrated  with  serum 
and  blood,  the  whole  infiltration  being  of  a  sanguineous,  gelatinous  nature. 
In  the  exudation  there  are  numerous  bacilli  anthracis  ;  the  infiltration  and 
phlegmon  gradually  extend  into  wider  areas,  with  constitutional  disturbance,, 
i.e.  fever  and  pains  all  along  the  infected  part.  In  few  cases  a  general  in- 
fection, i.e.  invasion  with  bacilli  from  the  carbuncle,  takes  place ;  in  these 
cases  the  bacilli  are  found  in  the  blood,  but  only  rarely  does  a  fatal  result 
ensue. 

Another  mode  of  infection  is  that  with  general  anthrax,  and  this  in  a  large 
percentage  of  cases  leads  to  a  fatal  issue  ;  in  all  cases  it  is  associated  with 
severe  febrile  disturbance  ;  the  general  infection  occurs  either  by  the  alimen- 
tary canal  or  by  the  respiratory  tract ;  in  both  instances  the  bacilli  anthracis- 
enter  in  the  form  of  spores.  In  woolsorters'  disease,  in  anthrax  of  ragsorters, 
and  in  anthrax  of  hide-sorters  it  has  been  conclusively  shown  by  Mr.  Spear  {see 
his  Eeports  to  the  Medical  Officer  of  the  Local  Government  Board  for  1881 
and  1882)  that  in  one  case  the  dust  of  infected  wool,  in  the  other  the  handling- 
of  the  infected  hides,  was  the  source  of  the  contagium.  In  localities  in  which 
anthrax  occurs  almost  endemically  amongst  sheep  or  goats,  e.g.  certain 
parts  of  Eussia,  Armenia,  Turkey  in  Europe  and  Asia,  the  fleeces  of  animals, 
dead  of  anthrax  are  preserved,  their  wool  being  as  a  matter  of  course  smeared 
with  blood  and  other  excretions  containing  the  bacilli  anthracis.  In  these- 
materials  there  is  every  opportunity  for  the  bacilli  to  form  spores,  which. 
resist  drying  and  other  processes  fatal  to  the  bacilli  as  bacilH.  These  spores 
remain  adhering  to  and  buried  within  the  wool.  The  wool  brought  to  a. 
factory  is  first  of  all  turned  out  from  the  bales  and  sorted ;  hereby  a  large 
amount  of  dust  is  separated  which  during  the  sorting  and  other  subsequent 
processes  is  sure  to  become  mingled  with,  and  suspended  in  the  air  of 
the  work-rooms ;  the  workers  in  such  rooms  are  therefore  particularly- 
liable  to  infect  themselves  with  the  spores,  either  by  mouth  and  alimentary 
canal,  or  by  the  respiratory  organs.  The  disease  which  ensues  has  been 
carefully  described  by  Mr.  Spear:  it  resembles  in  a  marked  degree  the 
general  virulent  form  of  anthrax  in  animals,  the  congestion  and  enlarge- 
ment of  the  spleen,  the  extreme  congestion  of  the  lungs,  and  the  hemor- 
rhage in  the  air  cells  and  bronchi,  the  congestion  of,  and  haemorrhage- 
in  other  viscera  being  the  most  prominent  symptoms.  The  blood  of  the- 
general  circulation  and  all  the  vessels  of  the  organs  contain  the  bacilh 
anthracis.  The  water  which  is  used  for  the  washing  of  the  infected  wool 
has  been  known  to  contain  the  spores  and  to  produce  anthrax  in  cattle  that 
had  drunk  it.     Hides  coming  from  a  country  where  anthrax  occurs  amongst 

>  Esmarch  in  1889  arrived  at  the  same  results  (Zeitschrift  f.  Hygiene). 
VOL.  II.  I 
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cattle  (China,  Eussia,  Turkey)  are  in  the  same  position  as  wool ;  when  the 
hide  is  taken  off  from  the  animal  that  has  died  of  anthrax  there  is  also  on 
the  inside  of  the  hide  a  large  amount  of  blood  smeared  over  and  adhering  to 
it,  besides  there  is  blood  naturally  contained  in  the  subcutaneous  tissue.  All 
this  blood  teems  with  the  bacilli  anthracis.  Such  hides  are  exposed  to  drying, 
but  as  this  process  always  takes  a  good  many  hours  there  is  every  oppor- 
tunity for  the  bacilli,  that  are  exposed  to  the  air,  to  form  spores.  As  the 
subcutaneous  tissue  dries,  these  spores  become  well  fixed  on  and  in  it ;  the 
drying  does  not,  of  course,  interfere  with  the  life  of  the  spores.  In  addition 
to  this,  the  hides  are  subjected  to  a  process  of  curing,  i.e.  certain  chemicals 
perfectly  harmless  to  the  spores  are  coated  over  the  inner  surface  of  the 
hide  by  which  the  spores  become  only  more  shielded  from  being  lost.  So 
that  when  such  hides  are  afterwards  handled,  dust  and  particles  contain- 
ing the  spores  coming  off  from  them  readily  produce  infection  either 
through  the  aUmentary  canal  or  through  the  respiratory  organs,  or  a 
local  carbuncle  is  produced  by  inoculation.  Infection  through  the  ahmen- 
tary  canal  of  human  beings  generally  declares  itself  by  prominent  symptoms 
on  the  part  of  the  alimentary  canal,  mycosis  intestinalis  :  great  conges- 
tion, inflammation,  and  hemorrhage  of  the  bowels  ;  congestion,  inflamma- 
tion and  hfemorrhage  of  the  mesenteric  lymph  glands.  The  intestinal 
contents,  the  lymphatics  of  the  intestine,  and  the  mesenteric  glands  contain 
abundantly  the  anthrax  bacilli.  A  general  invasion  of  the  system  and  fatal 
anthrax  is  the  result. 

Fatal  anthrax  in  ragsorters  has  been  observed  several  times — see  Paltauf 
{'  Wiener  khn.  Wochenschrift,'  1888,  Nos.  18-26) — but  not  all  acute  infectious 
diseases  contracted  by  the  sorting  of  rags  is  anthrax,  as  has  been  proved  by 
the  research  of  Bordoni  Uffreduzzi  mentioned  on  a  former  page  in  connection 
■with  septicaemia  in  man  caused  by  the  proteus  hominis. 

While  sheep  and  goats,  cattle  and  horses,  white  mice  and  guineapigs,  are 
■easily  infected  vsdth  anthrax  by  inoculation,  rabbits,  although  fairly  easily 
susceptible  to  it,  are  a  little  less  so  than  mice  and  guineapigs  ;  pigs  are  dif- 
ficult to  infect,  though  they  can  be  infected  (Crookshank) ;  adult  rats,  dogs, 
and  cats  are  almost  insusceptible  ;  fowls  in  the  healthy  state  are  insusceptible, 
but  Pasteur  found  that  by  coohng  their  bodies  they  can  be  infected  with  fatal 
anthrax.  Chauveau  has  shown  that  also  amongst  sheep  those  of  Algiers  are 
to  a  large  extent  refractory  against  anthrax. 

By  subcutaneously  inoculating  sheep,  cattle,  and  guineapigs  with  a  drop, 
■or  a  fraction  of  a  drop,  of  the  blood  of  sheep  or  cattle  dead  of  anthrax, 
or  with  virulent  culture  of  anthrax  bacilli,  there  is  found  at  the  seat  of 
inoculatic  n  in  from  sixteen  to  twenty-four  hours  a  tumour  due  to  oedema ; 
after  inoculation  with  spores  somewhat  later.  This  increases  during  the 
next  day  to  a  very  considerable  degree  and  involves  extensive  areas  of  the 
subcutaneous  tissue.  In  cutting  into  the  tumour  it  is  seen  that  it  is  due  to  a 
gelatinous  infiltration  of  the  connective  tissue  and  slight  haemorrhage,  the 
infiltration  abounding  in  bacilli  anthracis  ;  from  the  gelatinous  infiltration, 
on  incision,  clear  serum  containing  bacilli  and  a  few  red  blood-corpuscles 
easily  and  spontaneously  separate ;  the  infiltration  has  no  odour.  The 
temperature  of  the  body  is  greatly  raised,  to  41°  C.  The  animals  die  in 
between  thirty-six  and  fifty-four  hours.  Some  hours  before  death  the  tempera- 
ture rapidly  falls  to  36  or  35°  C.  The  animals  are  weak,  and  appear  paralysed. 
On  post-mortem  examination  the  spleen  is  always  found  greatly  enlarged, 
the  lungs,  liver,  kidney,  and  peritoneum  much  congested,  and  often  showing 
h^emorrhagic  spots  ;  the  blood  has  not  miich  tendency  to  coagulate.  In  the 
heart's  blood,  the  spleen,  and  in  all  vessels  of  the  organs  the  anthrax  bacilli 


PATHOLOGY  OF  INFECTIOUS  DISEASES  115 

are  found  in  great  numbers.  The  inoculated  disease  is  therefore  identical 
with  the  one  occurring  naturally. 

There  exist  considerable  differences  in  the  degree  of  virulence  shown  on 
inoculation  of  different  animals  with  the  blood  of  anthrax  derived  from  different 
sources.  Thus  blood  of  mice  that  die  from  typical  anthrax  within  forty-eight 
hours  produces  on  inoculation  typical  and  fatal  anthrax  in  mice,  guineapigs 
and  rabbits,  but  in  sheep  and  cattle  it  does  not  do  so ;  it  produces  a  local 
edematous  tumour  with  fever ;  but  this,  after  two  to  three  days  or  later, 
again  disappears  and  the  tumour  gradually  vanishes.  In  sheep  the  effect 
is  more  severe  than  in  cattle,  but  such  animals  are  refractory  to  a  second 
inoculation  with  virulent  anthrax,  which  otherwise  in  healthy  sheep  would 
produce  fatal  anthrax.  Blood  of  guineapigs  dead  of  typical  anthrax  within 
forty-eight  hours,  or  so,  inoculated  into  mice,  guineapigs,  rabbits,  and  sheep, 
produces  as  a  rule  local  tumour  and  general  fatal  anthrax  in  forty-eight 
liours  or  so ;  but  in  cattle  a  local  tumour  follows,  sometimes  severe  and 
extensive,  with  constitutional  disturbance,  but  as  a  rule  no  fatal  result,  and 
such  animals  are  refractory  to  a  second  inoculation  with  virulent  material. 
Blood  of  sheep  and  of  cattle  dead  of  typical  anthrax  produces  on  inoculation 
in  all  animals  typical  and  fatal  anthrax.  So  that  we  conclude  from  this  that 
the  virulence  of  the  bacillus  anthracis  growing  in  the  body  of  a  mouse  is  of 
a  lesser  degree  than  that  derived  from  the  body  of  a  guineapig ;  that  the 
virulence  of  the  bacillus  anthracis  derived  from  the  body  of  a  guineapig  is 
of  a  lesser  degree  than  that  of  the  sheep  or  cattle  ;  further,  to  produce  fatal 
anthrax  in  the  mouse,  anthrax  of  a  lesser  degree  of  virulence  than  for  the 
guineapig  is  sufficient ;  for  this,  again,  a  lesser  degree  of  virulence  than  for 
the  sheep,  and  for  this  again  a  lesser  degree  of  virulence  than  for  cattle.  Or, 
to  put  it  in  a  different  form  :  anthrax  bacilli  from  a  virulent  source,  say  of 
sheep  or  cattle,  on  their  passage  through  the  mouse  suffer  attenuation  of 
virulence,  but  on  their  passage  through  a  sheep,  or  still  more  through  the 
body  of  cattle,  do  not  lose  in  virulence. 

That  human  beings  contract  local  anthrax  (carbuncle)  by  inoculation 
from  blood  of  sheep,  cattle,  or  horses  is  well  known,  and  has  been  mentioned 
above  ;  that  human  beings  contract  general  anthrax  from  spores  of  anthrax 
of  sheep  or  cattle  is  proved  by  woolsorters'  and  hidesorters'  disease,  but 
there  is  no  record  that  anthrax,  local  or  otherwise,  has  been  contracted  by 
human  beings  from  mice  or  guineapigs  in  the  very  many  instances  in  which 
in  laboratories  the  bodies  of  these  animals  dead  of  anthrax  have  been  handled. 
The  writer  has  seen  a  good  many  instances  in  which  the  post-mortem 
examination  of  the  bodies  of  these  animals  had  been  carelessly  performed 
by  assistants  and  others,  who  sometimes  had  abrasions  and  wounds  on  the 
fingers,  yet  no  infection  has  resulted  from  it. 

Various  degrees  of  virulence  are  also  noticed  of  artificial  cultivations  of 
anthrax,  though  all  yield  growths  which  in  morphological  and  cultural 
characters  do  not  differ  one  from  another.  Thus  anthrax  bacUh  grown  for 
some  weeks  at  37°  C.  on  distinctly  alkaline  agar  are  less  virulent  than  when 
grown  on  neutral  or  faintly  alkaline  agar  or  on  potato  ;  anthrax  bacilli 
grown  in  faintly  alkaline  broth  or  on  neutral  or  faintly  alkaline  gelatme  are 
more  virulent  than  when  grown  on  distinctly  alkaline  gelatine ;  the  spores 
found  early  in  cultures  of  broth  and  gelatine  cultures  are  more  virulent  than 
the  bacilli  of  the  same  cultures.  The  different  degrees  of  virulence  are  esti- 
mated by  this  :  cultures  that  kill  every  guineapig  of  about  the  same  age 
{young  animals  are  more  susceptible  than  old  ones)  with  typical  anthrax 
within  forty- eight  or  fifty  hours  are  virulent ;  if  only  a  percentage  of  them 
•die  within  that  time,  others  during  the  fourth  or  fifth  day  or  later,  the  virus 

i2 


116  HYGIENE 

is  of  a  lesser  degree  ;  further,  the  less  resistant  to  perchloride  of  mercury  or 
other  agencies  the  baciUi  or  spores  are,  the  less  virulent  they  are  found  on 
inoculation  into  guineapigs,  and  the  less  virulent  also  their  sub-cultures> 
More  than  that,  the  less  vhulent  the  anthrax  is  at  starting,  the  less  vh'u- 
lent  (ccBteris  paribus)  also  the  bacilli  when  taken  from  a  guineapig  infected 
with  such  culture  {see  the  writer's  Keport  to  the  Medical  Officer  of  the  Local 
Government  Board,  1885  ^). 

The  bacillus  anthracis  offers  some  very  characteristic  features  in  cultiva- 
tions. In  gelatine  plate  cultivations  made  of  the  blood  (previously  well 
diluted  with  neutral  salt  solution  or  broth,  on  account  of  the  large  number  of 
bacilh,  present  in  the  blood),  aheady  after  twenty-four  to  thhty-six  hours  the 
first  signs  of  colonies  can  be  made  out  in  the  form  of  translucent  grey  angular 
dots ;  after  forty-eight  hours  to  three  days  they  are  conspicuous  by  their  size, 
and  by  then'  margin  being  distinctly  made  up,  to  the  naked  eye,  of  filaments, 
either  straight  or  bending  like  loops.  Under  the  microscope  the  filamen- 
tous nature  of  the  colonies  is  distinctly  seen  ;  the  filaments  looked  at  under 
a  magnifying  glass  are  more  or  less  in  bundles  twisted  hke  cables,  and 
extending  sometimes  like  radii  from  a  centre  ;  at  the  margin  this  is  parti- 
cularly conspicuous.  At  the  same  time  the  colony  is  seen  to  be  sunk  in 
the  middle,  being  situated  in  a  shght  depression  of  the  gelatine  due  to  com- 
mencing hquefaction.  Looked  at  obliquely,  the  gelatine  looks  pitted  by  the 
colonies.  As  growth  proceeds  the  colony  enlarges,  the  marginal  loops  and 
bundles  of  twisted  filaments  project  more  or  less  irregularly,  some  project  for 
longer,  others  for  shorter  distances,  sometimes  not  much  beyond  the  margin 
of  the  colony,  and  the  gelatine  surrounding  the  colony  becomes  more  and 
more  hquefied,  but  remains  clear  in  the  Uquefied  part.  In  stab  cultures  made 
from  a  culture  or  from  the  blood,  the  stab  is  noticeable  after  a  day  or  two 
as  a  whitish  line  made  up  of  closely  placed  dots  ;  in  another  day  or  two,  from 
each  dot  a  lot  of  fine  whitish  filaments  are  seen  extending,  often  hke  rays 
from  a  centre.  When  the  dots  are  closely  placed  in  linear  series,  the  white 
filaments  projecting  mostly  in  horizontal  direction  fi:om  them  give  to  the  stab 
a  characteristic  appearance,  like  the  vane  of  a  grey  feather,  the  stab  being 
the  middle  rib ;  hquefaction  has  by  this  time  set  in  on  the  sm-face,  i.e.  on 
the  upper  end  of  the  stab,  and  there  is  here  a  more  compact  plate-hke 
mass  of  filaments  ;  the  hquefaction  gradually  proceeds  into  the  depth  while 
the  surface  patch  of  the  growth  increases  in  bulk  ;  the  hquefied  gelatine 
is  clear,  and  the  original  surface  growth  occupies  always  the  deepest  part 
of  the  Hquefied  gelatine.  When  the  surface  patch  while  spreading  remains 
adhering  to  the  glass  wall  of  the  test  tube,  spore  formation  is  observed  in 
the  threads  of  the  bacilli,  but  when  the  growth  is  in  the  depth  of  the  hque- 
fied gelatine  no  spore  formation  ever  takes  place.  After  ten  to  fourteen  days 
at  19-20°  C.  the  upper  half  of  the  gelatine  in  the  tube  is  quite  hquefied,  the 
liquefied  gelatine  is  clear,  and  the  whole  growth  is  at  the  bottom  of  the 
liquefied  part  in  the  form  of  whitish  grey  fluffy  masses ;  when  shaken  the 
mass  breaks  up  into  whitish  nebulous  flocculi. 

In  streak  culture  on  gelatine,  the  streak  of  inoculation  is  marked  after 
twenty-four  to  forty-eight  hours  as  a  whitish  grey  hne  ;  then  a  number  of 
fine  whitish  threads  shoot  out  horizontally  h'om  this  hne,  hquefaction  at 
the  same  time  commencing  and  proceeding  slowly  and  gradually ;  the 
line  thickens  and  broadens,  and  after  a  week  is  made  up  of  masses  of 
threads  twisted  and  convoluted  and  forming  a  thick  white  filmy  patch,  which 
as  hquefaction  proceeds  sinks  to  the  bottom  of  the  liquefied  gelatine, 
forming  here  a  whitish  grey  fluffy  mass. 

1  Esmarch  some  years  later  axrived  independently  at  the  same  results. 
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In  neutral  or  faintly  alkaline  broth  kept  at  36-38°  C.  there  is,  if  the  broth 
be  thin,  uniform  slight  turbidity  after  thirty-six  to  forty-eight  hours  :  flakes 
small  and  large  then  appear  at  the  bottom  of  the  fluid,  while  this  latter 
remains  fauiy  clear.  As  growth  proceeds,  about  the  end  of  the  week,  there 
are  contained  at  the  bottom  of  the  fluid  characteristic  greyish  fluffy  loose 
nebulous  masses,  which  are  masses  of  anthrax  threads  matted  together  : 
these  masses  increase  in  bulk,  and  extend  as  it  were  from  the  bottom  of 
the  fluid  towards  the  upper  parts.  If  during  the  first  few  days  some  of 
the  flakes  remain  adhering  to  the  glass  at  the  surface  of  the  fluid,  these 
flakes  enlarge  and  form  on  the  glass,  on  a  level  with  the  surface  of  the  fluid, 
a  sort  of  whitish  ring,  somewhat  hke  a  pellicle  ;  in  this,  copious  spore  forma- 
tion takes  place ;  but  in  the  tubes,  in  which  all  the  growth  is  limited  to 
the  deeper  parts  of  the  fluid,  no  spore  formation  occurs  at  any  time,  since 
for  the  formation  of  spores  a  free  and  copious  supply  of  oxygen  is  required. 

On  agar  mixture  at  36-38°  C.  a  thick  greyish  film  is  noticed  after 
two  days  along  and  beyond  the  line  of  inoculation.  This  rapidly  increases  in 
breadth  till  the  whole  surface  of  the  agar  is  covered  with  a  sticky  pasty 
greyish  layer ;  this  after  some  days  shows  some  patches  thicker  than  others, 
is  light  brown,  and  in  some  patches  even  dark  brown. 

On  potato  at  35-37°  C.  a  thick  cohesive  layer  hke  paste  is  formed  :  this  is 
of  a  brownish  colour,  the  growth  is  extensive  after  a  few  days.  Both  on 
nutrient  agar  and  on  potato,  the  film  is  a  mass  of  threads  matted  together, 
and  after  two  to  three  days  copious  spore  formation  is  noticed  in  many 
threads  ;  at  the  end  of  ten  days  to  a  fortnight  the  whole  of  the  film  is  a  mass 
of  spores ;  little  of  the  original  bacilli  is  recognisable. 

Whenever  spores  are  formed  in  a  culture  (their  mode  of  formation  has 
been  described  on  a  former  page),  they  remain  active  and  living  for  indefinite 
periods,  i.e.  the  spores  when  at  any  time  sown  into  new  suitable  medium 
are  capable  of  germinating  and  producing  new  crops  of  bacilli,  and  are  capable 
of  producing  anthrax  when  introduced  into  an  animal  (mouse  or  guineapig) 
by  spray  or  inoculation.  But  when  no  spores  are  developed,  e.g.  in  gelatine 
and  in  broth  tubes  in  the  depth  of  the  medium,  and  when  none  of  the  growth 
has  remained  adhering  to  the  glass  on  the  surface  of  the  medium,  the 
growth  proceeds  till  all  nutriment  is  used  up  ;  but  before  this  point  is 
reached,  numerous  bacilli,  parts  of  the  threads,  and  whole  threads  undergo 
degeneration ;  the  protoplasm  in  the  bacilli  and  threads  becomes  granular, 
and  gradually  disappears  till  only  the  empty  sheatns — many  of  them 
collapsed — are  left.  This  process  of  degeneration  is  noticeable  in  gelatine 
and  broth  already  after  a  few  days.  In  broth  cultures  in  which  the  growth 
occurs  in  the  depth  of  the  fluid,  in  the  form  of  the  characteristic  fluffy  masses 
above  mentioned,  degeneration  once  set  in  rapidly  extends  to  the  whole 
mass  ;  by  this  the  mass  diminishes  in  bulk  and  becomes  more  transparent 
{see  the  Eeport  of  the  Medical  Officer  of  the  Local  Government  Board  for 
1882).  From  such  cultures  after  some  time — several  weeks  to  several 
months — no  new  sub-culture  can  be  established,  and  no  anthrax  can  be  pro- 
duced in  animals.  In  agar,  which  has  strong  alkahne  reaction,  this  process 
of  degeneration  is  also  noticeable  without  spores  being  formed  ;  the  growth 
on  the  surface  of  the  agar  after  several  weeks  to  several  months  shows  no 
longer  any  good  anthrax  threads,  but  is  made  up  of  granular  debris. 

The  writer  has  described  this  degeneration  as  occurring  occasionally  in  the 
baciUi  while  in  the  blood  and  in  the  spleen.  It  has  been  noticed  within 
forty-eight  hours  in  guineapigs  and  in  sheep  that  died  of  typical  anthrax, 
in  which  the  number  of  the  bacilli  in  the  blood  and  particularly  in  the  spleen 
were  enormous  ;  in  well-stained  and  well- washed  cover-glass  specimens  large 
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numbers  of  the  bacilli  showed  the  degeneration  distinctly — either  the  pro- 
toplasm of  the  whole  bacillus  was  in  a  state  of  granular  degeneration,  or 
part  of  a  chain  was  in  that  state  {see  fig.  60). 

A  change  observable  in  the  bacilli  of  cultures  (gelatine,  broth,  agar, 
potato)  and  generally  taken  to  be  due  to  involution  consists  in  the  fact  that 
one  or  the  other  elementary  individual  of  a  chain  or  thread  appears  swollen 
up,  thickened,  spindle-shaped,  club-shaped,  or  even  spherical.  In  the  threads, 
in  longer  or  shorter  portions,  all  the  elements  may  thus  be  changed. 
The  writer  has  described  and  figured  these  changes  (fig.  70)  as  the  torula 
forms  of  bacillus  anthracis ;  they  were  particularly  abundant  in  neutral 
gelatine  after  two  to  three  days.  He  has  had  cultures  where  some  of  the 
anthrax  threads  were  thus  transformed  into  chains  of  torula-hke  large 
elements — many  times  thicker  than  the  typical  bacilli — strung  together  into 
beaded  necklace-like  strings  by  thin  short  connecting  bridges  ;  there  were 
other  threads  present,  in  which  some  elements  were  spherical,  others  oval  ; 
the  appearances  here  described  were  exactly  like  those  occurring  in  saccha- 
romyces  mycoderma.  He  has  also  shown  that  those  torula-shaped  bacilli  are 
very  virulent,  and  he  cannot  for  a  moment  agree  with  the  general  assump- 
tion that  this  change  always  indicates  involution  and  degeneration.  We 
have  observed  this  change  in  other  bacilli,  e.g.  bacillus  filamentosus,  bacillus 
tuberculosis,  bacillus  of  diphtheria,  and  bacillus  of  cholera,  under  conditions 
and  at  periods  in  which  an  involution  and  degeneration  is  not  probable.  On 
the  contrary,  we  are  inclined  to  think  that  these  changes  mean  a  reversion 
to  a  former  type — atavism,  in  fact — from  which  the  bacilli  at  an  early  phase 
of  the  life-history  of  the  species  have  sprung  ;  so  that  the  typical  bacilli,  as 
we  generally  know  and  see  them,  are  merely  one  form  set  in  permanency,  as 
it  were,  while  the  conditions  of  growth  remain  of  a  particular  kind,  e.g.  in 
the  animal  body  they  always  remain  bacilli.  But  under  altered  conditions, 
e.g.  in  cultivations,  many  of  the  bacilli,  though  the  single  bacilli  and  their 
threads  are  of  the  typical  kind,  while  the  cultures  are  recent,  soon  revert 
or  at  any  rate  have  a  tendency  to  revert  to  the  atavistic  forms. 

We  have  in  the  foregoing  described  the  peculiar  characters  of  the 
bacillus  anthracis  in  microscopic  specimens  and  in  cultures  ;  now,  though 
they  are  peculiar  and  characteristic,  they  are  nevertheless  not  exclusive,  for 
there  exist  bacilli  which  resemble  them  in  a  marked  degree,  e.g.  the 
bacillus  filamentosus  repeatedly  mentioned  ;  though  this  latter  grows  con- 
siderably quicker  than,  and  is  different  in  streak  culture  from,  the  bacillus 
anthracis,  yet  a  mistake  between  the  two  is  not  inexcusable,  owing  to  the 
similarity  of  the  appearances  presented  by  both  in  gelatine  plates  and 
in  gelatine  stab  cultures  ;  morphologically,  i.e.  under  the  microscope  in 
the  fresh  or  dried  and  stained  specimens,  they  are  quite  indistinguishable. 
Hueppe  also  describes  a  bacillus  obtained  and  isolated  from  earth  which  in 
morphological  and  cultural  respects  bears  a  very  close  resemblance  to  the 
bacillus  anthracis  ;  but  neither  the  bacillus  filamentosus  nor  the  bacillus  of 
Hueppe  inoculated  into  animals  produces  anthrax.  We  have  above  men- 
tioned certain  fatal  acute  forms  of  human  septicaemia  in  man  (Bordoni  U£fre- 
duzzi)  in  which  the  proteus  hominis  was  found  in  the  blood  and  the  organs. 
Here  a  mistake  for  anthrax  is  not  easily  made  if  cultures  with  the  bacilli  are 
instituted  ;  but  if  from  the  pathological  appearances  at  the  post-mortem  ex- 
amination and  from  the  presence  of  the  bacilli  in  the  blood  and  spleen  alone, 
the  diagnosis  be  made,  a  mistake,  i.e.  for  anthrax,  is  also  here  possible.  As 
regards  animals,  the  cases  are  not  at  all  rare  where  such  a  mistake  has 
actually  occurred,  e.g.  in  sheep,  cattle,  pigs,  dying  under  symptoms  and  patho- 
logical appearances  resembling  anthrax.      Take,   for    instance,   malignant 
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oedema,  symptomatic  charbon,  and  possibly  other  diseases  :  the  appearances  at 
the  post-mortem  may  greatly  resemble  those  of  anthrax,  the  bacilli  resembling 
to  a  certain  extent,  in  size  and  general  appearance  under  the  microscope, 
those  of  anthrax ;  the  diagnosis  by  culture  would,  no  doubt,  throw  great 
light  on  the  nature  of  the  bacilli,  but  a  simple  and  decisive — in  fact, 
the  best  and  only  reliable — diagnostic  means  is  inoculation  of  mice  or 
guineapigs  with  the  blood  or  spleen  of  the  questionable  case.  The  appear- 
ances in  the  mouse  and  guineapig  dead  of  anthrax  are  very  characteristic, 
the  spleen  being  dark  and  many  times  enlarged,  the  blood  of  the  general  cir- 
culation and  of  the  spleen  being  crowded  with  the  bacilli ;  cultures  from  the 
blood  of  these  experimental  animals  and  further  inoculations  of  mice  and 
guineapigs  can  now  be  easily  made,  and  the  diagnosis  fully  established.  The 
writer  remembers  the  death  of  two  sheep  having  been  brought  to  his 
notice,  where  it  was  important,  for  taking  preventive  measures,  to  decide  at 
once  whether  or  not  the  sheep  had  died  of  anthrax.  The  post-mortem 
appearances  were  certainly  very  like  those  of  anthrax,  but  there  were  only  a 
few  bacilli  found  in  the  blood.  The  spleen  was  enlarged,  but  not  to  a  very 
conspicuous  extent :  it  was  dark,  the  lungs  were  congested  and  inflamed, 
in  the  juice  of  the  lung  and  spleen  numerous  bacilli  were  found,  and  in 
sections  through  the  lungs  many  capillaries  were  almost  filled  with  the 
bacilli.  In  stained  cover-glass  specimens,  and  in  stained  sections,  it 
was  extremely  difficult  to  say  the  baciUi  were  not  anthrax  bacilli.  The 
question  was,  however,  soon  settled.  Several  mice  and  several  guineapigs 
were  inoculated,  each  with  several  drops  of  the  blood  of  the  spleen  of  the 
sheep  ;  none  of  these  animals  became  in  the  slightest  degree  affected.  From 
this  of  course  there  was  justification  for  saying  that  those  sheep  did  not  die 
of  anthrax,  and  the  diagnosis  was  fully  confirmed  by  the  fact  that,  though 
no  preventive  measures  of  any  kind  had  been  taken  on  the  farm  on  which 
those  two  sheep  had  died,  no  further  cases  of  illness  or  death  occurred  either 
amongst  the  sheep  or  cattle,  of  which  a  considerable  number  were  kept  on 
the  farm. 

In  all  cases  of  doubt  as  to  anthrax,  inoculation  of  mice  and  guineapigs, 
particularly  the  latter,  with  a  few  drops  of  the  blood  of  the  spleen  is  the 
quickest  and  surest  means  of  diagnosis ;  if  in  these  inoculated  guineapigs 
typical  anthrax  with  the  typical  bacilli  (shown  by  cover-glass  specimens 
and  cultivation)  in  the  blood  and  enlarged  spleen  results,  then  the  diagnosis 
is  clear  ;  if  this  result  does  not  follow,  no  diagnosis  of  anthrax  can  be  made 
safely. 

Buchner  maintained  that  by  successive  cultivation  in  broth  he  suc- 
ceeded in  changing  the  bacillus  anthracis,  virulent  at  starting,  into  an  in- 
active bacillus  in  morphological  respects  identical  with  the  motile  hay  bacil- 
lus ;  and  further  that  he  was  able  by  successive  cultivations  in  certain  broth 
cultures  to  change  the  motile  hay  bacillus,  inactive  on  animals,  into  a  non- 
motile  bacillus,  identical  in  morphological  respects  with  the  bacillus  anthra- 
cis, and  capable  of  producing  typical  anthrax  in  mice.  These  assertions  have 
been  proved  to  be  erroneous,  and  Koch  ('  Mittheil.  aus  d.  k.  Gesundheitsamte,' 
I.)  and  the  writer  (Report  of  the  Medical  Officer  of  the  Local  Government 
Board  for  1881)  have  shown  the  probable  sources  of  these  errors.  All  obser- 
vers agree  in  this,  that,  through  however  many  generations  the  bacillus 
anthracis  be  cultivated  in  broth,  in  gelatine,  in  serum,  in  agar,  on  potato,^ 
it  always  remains  bacillus  anthracis  morphologically  and  physiologically. 
It  may,  owing  to  peculiar  soil  and  other  conditions  of  culture,  diminish  in 
virulence,  and  even  lose  its  virulence  altogether,  as  will  be  presently  shown, 
but  it  nevertheless  always  remains  morphologically  the  bacillus  anthracis  ; 
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but  bacillus  antbracis  under  ordinary  conditions  of  cultivation,  sucb  as  used 
by  Buchner,  does  not  lose  its  virulence. 

Hueppe,  as  mentioned  above,  isolated  from  earth  a  bacillus  which  in  mor- 
phological respects  coincided  with  the  bacillus  anthracis ;  inoculated  into 
mice  it  did  not  produce  any  disease,  but,  strange  to  say,  protected  the  mice 
against  inoculation  with  virulent  anthrax.  Hueppe  concludes  from  this  that 
his  earth  bacillus  is  real  anthrax  bacillus,  which  in  course  of  time,  and  owing 
to  its  habitat  and  perhaps  other  conditions,  has  lost  its  power  to  produce 
anthrax,  but  nevertheless,  though  not  apparent,  has  retained  some  kind  of 
chemical  action  Hke  anthrax.  It  is  difficult  to  judge  of  and  criticise  these 
results  ;  but  without  altogether  declaring  them  improbable,  this  much  can  be 
said,  that  very  clear  evidence  will  have  to  be  brought  forward  to  support 
such  assertions,  which  at  present  are  not,  it  seems,  forthcoming.  A  priori, 
it  seems  improbable  that  in  the  soil  the  true  active  bacillus  anthracis 
should  change  into  a  non-active  bacillus,  or  vice  versa,  seeing  that  the 
bacillus  anthracis  can  thrive  well  in  the  soil  and  remain  vfrulent  for 
generations  (e.g.  the  countries  in  which  anthrax  is  endemic  and  in  which 
infection  is  carried  out  by  the  soil).  Further  it  is  extremely  improbable 
that  a  bacillus  not  causing  any  diseased  condition  should  be  capable  of 
protecting  against  vfrulent  anthrax  ;  and  lastly  there  is  reason  to  doubt 
whether  in  mice  protection  against  virulent  anthrax  can  be  at  all  or  at  any 
rate  so  easily  produced  as  would  seem  fr'om  Hueppe's  assertion. 

The  first  observations  that  bacillus  anthracis  can  become  attenuated  in 
its  action  without  losing  its  morphological  and  biological  characters  were 
recorded  by  Toussaint,  who  found  that  heating  anthrax  blood  up  to  55°  C.  for 
a  few  minutes  incapacitates  such  blood  from  producing  anthrax  on  inoculation. 
Chauveau  then  found  that  the  same  attenuation  and  destruction  of  vfrulence 
occur  when  the  virulent  bacillus  anthracis,  e.g.  the  blood,  is  subjected  to 
the  action  of  5  per  cent,  carbolic  acid  for  a  few  minutes.  But  Pasteur  was  the 
first  who  showed  that  when  bacillus  anthracis  is  cultivated  in  broth  at  a  high 
temperature  (42*5°  C.)  it  gradually  loses  its  full  virulence,  and  when  such 
cultures  are  inoculated  into  sheep  and  cattle  a  mild  and  transitory  form  of 
anthrax  is  produced  ;  animals  so  treated  withstand  successfully  the  further 
inoculation  of  virulent  materials  :  they  are  therefore  protected  by  the  inocu- 
lation with  the  attenuated  cultures.  Pasteur  has  shown  by  a  large  number 
of  experiments  carried  out  in  France  and  elsewhere  that,  by  inoculation  of 
such  attenuated  cultures,  protective  inoculation  can  be  effected  on  sheep  and 
cattle.  He  used  two  kinds  of  culture,  for  protective  inoculation  :  (a)  first 
vaccine  :  this  is  a  culture  of  anthrax  bacillus  in  chicken  broth  kept  at  42*5°  C. 
for  fourteen  days ;  when  inoculated  into  sheep  or  cattle  it  produces  only  a 
slight  local  tumour.  After  about  twelve  days  the  animals  are  inoculated  with 
(6)  second  vaccine  :  this  is  chicken  broth  culture  kept  at  42*5°  C.  for  a  week 
only.  This  culture  produces  also  a  local  effect  with  sMght  constitutional  dis- 
turbance, more  pronounced  than  after  the  inoculation  of  the  first  vaccine ; 
but  the  disturbance  is  only  transitory  and  the  animals  recover.  Up  to  nine 
months,  such  animals  are  refractory  against  inoculation  with  virulent  anthrax 
blood. 

If  the  second  vaccine  is  used  for  the  primary  inoculation,  the  effect  is  more 
severe,  and  may  lead  to  fatal  general  anthrax;  this  second  vaccine  having 
been  grown  for  one  week  only  at  42*5°  C.  is  therefore  stronger,  and  is  of  a 
higher  degree  of  virulence  than  the  first  vaccine,  which  had  been  grown  at  the 
high  temperature  for  a  fortnight.  Though  theoretically  correct,  and  fully 
confirmed  by  numerous  experiments,  there  are  several  difficulties  in  the  way 
of  the  practical  application  of  this  protective  inoculation:  (1)  Since  it  is  a 
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question  of  making  such  vaccine  on  a  large  scale — and  this  must  be  of  course 
the  case  if  it  be  used  in  practice,  e.g.  for  whole  flocks  of  sheep  and  herds  of 
cattle — the  exact  method  and  way  of  getting  the  right  degree  of  virulence  is 
not  easily  achieved.  Some  years  ago  (1882, 1883)  the  writer  bought  some 
Pasteur's  vaccine  made  in  Pasteur's  laboratory,  and  sold  in  tubes  by  Pasteur's 
agent,  M.  Boutroux,  and  it  was  used  on  guineapigs  and  sheep.  Of  the 
guineapigs  inoculated  with  first  vaccine  a  certain  percentage  died  of  typical 
anthrax  ;  with  second  vaccine  the  percentage  of  death  was  greater.  Of  the 
sheep  that  had  been  inoculated  exactly  after  Pasteur's  prescribed  method,  one 
of  four  died  with  anthrax  from  the  second  inoculation,  i.e.  with  second 
vaccine ;  of  five  sheep  treated  with  the  two  Pasteur's  vaccines,  and  after- 
wards subjected  to  inoculation  with  virulent  anthrax  blood,  one  died  after 
two  days,  a  second  one  after  a  week,  and  three  proved  refractory,  i.e.  were 
protected.  Such  or  similar  results  were  recorded  also  by  other  experimenters. 
(2)  The  vaccine  manufactured  thus  by  Pasteur  on  a  large  scale  is  not 
■always  pure  anthrax ;  there  are  present  other  organisms  besides  anthrax 
bacilli.  Vaccine  thus  contaminated  may  therefore  harbour  bacilh — e.g. 
those  of  malignant  oedema — which  are  not  desired,  since  these  themselves 
may  produce  in  sheep  and  cattle  undesired  results.  But  it  ought  to  be 
in  fairness  stated  that  the  published  statistics  on  the  greatly  decreased 
mortahty  amongst  sheep  and  cattle,  since  Pasteur's  protective  inoculations 
have  been  used  in  the  localities  in  which  great  devastations  by  endemic 
anthrax  (France,  Russia)  had  previously  occurred,  bear  out  Pasteur's  conten- 
tion as  to  the  practical  use  of  the  protective  inoculation  with  his  anthrax 
vaccine.  (3)  A  third  serious  difficulty  is  this  :  Koch  and  Gaffky  have  shown 
that  animals  (sheep)  protected  by  Pasteur's  vaccines  against  further  iiwcula- 
tion  with  virulent  anthrax  prove  unprotected,  or  almost  wholly  so,  if  they 
are  infected  with  spores  by  feeding  ;  for  by  this  method  Koch  and  Gaffky 
have  shown  that  such  sheep  become  infected  with  typical  anthrax ;  and  it  is 
precisely  this  method  of  infection,  viz.  by  spores  taken  in  by  the  alimentary 
canal,  that  obtains  amongst  sheep  and  cattle  under  natural  conditions,  as 
has  been  mentioned  on  a  former  page.  Other  modes  of  protective  inocula- 
tion have  been  recorded  by  Perroncito,  Kitt,  and  others.  The  writer  has 
shown  (Report  of  the  Medical  Officer  of  the  Local  Government  Board, 
1882)  that  mouse's  anthrax  blood  is  attenuated  anthrax,  and  can  be  used  for 
protective  inoculation  of  sheep  ;  guineapig's  anthrax  blood  mixed  for  a  few 
minutes  with  a  large  quantity  of  solution  of  perchloride  of  mercury,  of  the 
strength  of  1  :  25,000,  is  sufficiently  attenuated  for  sheep  [ihid.  1885).  It 
produces  a  shght  ilhiess  and  protects  against  further  inoculation  with  virulent 
material. 

Wooldridge  ('  Proc.  Royal  Society,'  1887)  has  shown  that  in  cultures  of 
bacillus  anthracis — in  a  particular  alkaline  albumen — chemical  substances 
are  present  which  have  a  powerful  protective  influence,  inasmuch  as  when 
injected  into  the  vascular  system  of  rabbits  they  provide  at  once  protection 
against  inoculation  with  virulent  anthrax.  Hankin  then  showed  that  in 
certain  proteid  material  the  bacilli  anthracis  produced  a  poisonous  albumose, 
to  which  the  pathogenic  action  of  the  bacilli  is  due ;  and  Sidney  Martin 
further  proved  that  these  albumoses  give  further  origin  to  a  '  poisonous 
alkaloid,'  which  he  isolated,  and  obtained  as  a  salt  in  a  crystalline  form. 

The  writer  has  shown  that  anthrax  bacilli,  derived  from  virulent  disease 
(blood  of  a  guineapig  dead  of  typical  anthrax),  when  grown  in  gelatine 
medicated  by  the  admixture  of  perchloride  of  mercury,  1  :  40,000,  suffer  an 
attenuation  of  their  virulence  ;  though  the  growth  is  apparently  normal,  and 
when  transferred   to  new  normal  nutrient  gelatine  yields  normal  typical 
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anthrax  growth :  nevertheless  it  either  does  not  produce  death  at  all,  or  only- 
after  many  days. 

This  mode  of  producing  attenuated  anthrax  depends,  however,  to  a  large 
extent  on  the  primary  degree  of  virulence  of  the  bacilli  at  starting.  While 
anthrax  bacilli  which  possessed  at  starting  a  high  degree  of  virulence  suffer 
slight  attenuation  by  this  method,  others  not  of  a  high  degree  of  virulence  at 
starting  are  easily  attenuated  in  their  virulence  by  this  method  {see  Eeports 
to  the  Medical  Officer  of  the  Local  Government  Board,  1885-86). 

While  sheep,  cattle,  and  rabbits  that  have  once  passed  through  a  mild  form 
of  anthrax  are,  as  a  rule,  refractory  against  further  inoculation  with  virulent 
anthrax,  this  is  not  the  case  with  some  other  animals,  for  instance,  guinea- 
pigs.  Of  these  the  writer  has  shown  that  only  in  a  very  small  percentage 
(less  than  4  per  cent.)  can  a  real  protective  inoculation  be  effected ;  the  rest, 
though  sometimes  protected  against  one,  two,  or  even  three  successive  inocula- 
tions with  less  virulent  anthrax,  eventually  succumb  to  virulent  degrees  of 
anthrax  (Report  of  the  Medical  Officer  of  the  Local  Government  Board  for 
1887,  p.  291). 

As  mentioned  in  a  former  chapter,  Ogata  and  Jasuhara  have  shown  that 
a  previous  or  simultaneous  injection  of  the  blood  of  an  insusceptible  animal 
(rat,  dog)  protects  from,  and  neutralises  the  action  of  virulent  anthrax  in 
mice.  Hankin  obtained  a  glycerine  extract  from  the  spleen  of  a  rat,  which. 
also  protected  mice  against  anthrax.  Normal  frogs  and  rats,  insusceptible 
to  anthrax,  become  susceptible  to  it  if  previous  to,  or  simultaneous  with,  or 
immediately  after,  inoculation  with  anthrax  blood  or  anthrax  culture  (spores 
or  bacilli)  they  are  subjected  to  narcosis  with  ether-chloroform. 

The  fact  that  frogs  kept  at  the  temperature  of  a  warm-blooded  animal 
are  hereby  rendered  susceptible  to  anthrax  (Petruschki)  has  been  mentioned 
in  a  former  chapter. 

The  disease  of  silkworms  known  as  pehrine,  and  showing  itself  in  minute  grey  or  black 
patches  all  over  the  body  of  the  silkworms,  has  been  shown  experimentally  to  be  con- 
tagious, and  generally  communicated  to  the  worms  by  food  (mulberry  leaves)  which  had 
been  previously  tainted  mth  the  contagium.  This  latter,  known  as  '  Coraalia  corpuscles,' 
first  discovered  by  Cornalia,  is  composed  of  oval  microscopic  corpuscles  which  by  some 
are  declared  to  be  oval  cocci,  hence  also  termed  micrococcus  ovatus ;  Lebert,  Naegeh, 
and  others  have  shown  them  to  be  the  living  contagium  of  the  disease.  These  cor 
puscles  enter  by  the  alimentary  canal  of  the  worms,  multiply  there  enormously,  and 
spread  thence  into  all  the  tissues  ;  they  are  transmitted  by  the  moth  to  the  eggs,  multiplying 
within  the  body  of  the  chrysalis,  and  reaching  their  maximum  development  in  the  worm,  in 
which  the  disease  declares  itself  as  pihrine.  Pasteur  has  shown  experimentally  that  the 
time  at  which  the  silkworm,  during  its  existence  as  worm,  becomes  infected  has  a  very 
important  bearing  on  the  period  at  which  the  disease  shows  itself  in  the  worm,  moth,  or 
chrysalis  respectively. 

The  Cornalia  corpuscles,  also  called  nosema  bombycis,  are  by  some  observers,  amongst 
them  Naegeli,  declared  to  be  a  form  of  bacteria ;  others,  like  Pasteur,  Balbiani,  and  Leydig, 
declare  them  to  be  psorospermia.  Pfeiffer  has  studied  them  carefully  and  extensively, 
and  has  shown  that  they  are  a  species  of  sporozoa  {see  his  paper  in  '  Zeitschr.  f.  Hygiene, 
III.,  p.  469). 

Another  infectious  fatal  disorder  of  silkworms  is  the  one  known  as  flacherie  :  it  is  not 
associated  with  the  cutaneous  spots  of  the  iJibrine,  but  the  worms  affected  with  the  disease 
show  a  typical  limpness  and  relaxation,  become  very  weak,  and  ultimately  die.  The 
corpuscles  that  are  present  in  the  worms,  and  believed  to  be  the  cause  of  the  disease,  are 
called  microzyma  bombycis  of  B6champ  ;  they  are  oval  cocci,  forming  longer  or  shorter 
chains ;  hence  are  also  called  streptococcus  bombycis.  They  have  been  found  by  Cohn  in 
enormous  numbers  in  the  intestinal  canal  of  the  affected  worms.  By  mixing  with  the 
mulberry  leaves  the  intestinal  contents  of  affected  worms,  and  feeding  thereon  healthy 
worms,  these  latter  contract  the  disease,  and  their  alimentary  canal,  previously  free  of  the 
streptococci,  becomes  now  full  of  them. 

Foulbrood  of  Bees. — A  fatal  infectious  disease  of  bees  has  been  investigated  by  F.  E,. 
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Cheshire  and  Watson  Cheyne,  and  has  been  shown  by  the  latter  to  be  caused  by  a  slightly 
motile  bacillus,  the  bacillus  alvei.  The  single  bacilli  measure  2'5-5  /j.  in  length,  0'8  u  in 
thickness,  forming  in  cultures  longer  or  shorter  threads,  and  in  these  oval  spores, 
2  fi  long,  1  /It  thick,  make  their  appearance.  The  growth  of  the  bacilli  in  gelatine  plate 
cultivations  is  very  characteristic :  in  their  first  appearance  the  colonies  are  round  or 
oval  discs,  next  they  become  pea-shaped,  and  more  or  less  drawn  out  at  one  or  more  points 
into  longer  or  shorter  processes  :  these  become  branched.  Under  the  microscope  the  branches 
are  straight  or  circular,  or  possess  irregular  thickenings ;  the  same  projections  are  seen 
to  arise  in  the  streak  cultures  as  well  as  stab  cultures  in  gelatine  ;  the  branches,  projec- 
tions, and  filamentous  processes  are  seen  under  the  microscope  to  be  bundles  of  bacillary 
chains  or  filaments.  That  this  bacillus  is  really  the  cause  of  the  fatal  disease  has  been 
proved  experimentally  by  Cheshire  and  Watson  Cheyne  by  feeding  healthy  bees  with 
spores,  or  bacilli  and  spores,  of  the  artificial  cultures.  ('  Journal  of  the  Eoyal  Mier.  Soc' 
March  1885.) 


CHAPTEE   XVI 

EPIDEMIC  PNEUMONIA— INFLUENZA 

By  the  researches  of  Leyden  and  others  it  has  been  shown  that  the 
disease  known  as  lobar  or  croupous  or  fibrinous  pneumonia  belongs  to  the 
group  of  infectious  diseases.  It  has  this  in  common  with  infectious  diseases; 
that  it  occurs  simultaneously  in  a  number  of  persons  living  under  the  same 
conditions  of  place  and  surroundings  ;  that  it  runs  a  definite  course  ;  that  its 
symptoms  and  pathology  are  the  same  or  very  much  alike  in  all  cases  ;  and 
last,  but  not  least,  that  in  several  instances  the  disease  has  been  communicated 
within  the  same  household  from  one  person  to  another.  Only  during  recent 
years  has  bacteriological  investigation  shown  that  not  all  acute  croupous 
pneumoniae  are  of  exactly  the  same  kind.  Though  in  all  there  is  the  viscid 
gelatinous  sputum,  more  or  less  rusty  or  prune-juice-coloured  during  the  first 
three  or  four  or  five  days,  giving  way  to  a  less  viscid,  more  greyish,  more 
purulent  expectoration,  and  though  in  all  of  them  there  is  an  early  or  red 
solidification  or  hepatisation,  leading  gradually  to  a  more  grey  infiltration 
(grey  hepatisation)  of  one  or  more  lobes  of  one  or  both  lungs,  associated  with 
more  or  less  extensive  pleuritis  :  yet  there  are  certain  differences  of  detail 
which  seem  to  show  that  croupous  or  epidemic  pneumonia  is  a  name  which 
ought  to  designate  more  than  one  species  of  acute  infectious  pneumonia. 

In  the  genuine  croupous  pneumonia,  the  lobar  fibrinous  pneumonia 
generally  involves  but  one  lung  ;  the  sputum  is,  as  is  well  known,  of  a  charac- 
teristic gelatinous  consistency  ;  it  cannot  be  poured  out  of  a  vessel,  since  it 
forms  a  very  tenacious  viscid  material ;  it  is  of  a  gelatinous  transparency, 
contains  a  number  of  air  bubbles,  and  in  the  early  stages  is  scanty.  During  the 
first  few  days  (three  to  five  days)  it  is  streaked  with  rusty  or  reddish  streaks 
and  patches,  which  colour  is  due  to  the  presence  of  red  blood-corpuscles ; 
the  sputum  is  transparent  and  contains  under  the  microscope  red  blood- 
corpuscles,  a  few  leucocytes  and  swollen  alveolar  epithehal  cells ;  fibrin 
threads  are  seen  to  permeate  the  whole.  This  condition  is,  however,  only 
observed  during  the  first  few  days  ;  after  the  fifth  or  sixth  day  the  sputum 
becomes  more  copious,  less  rusty,  and  more  grey ;  under  the  microscope  few 
red  blood-corpuscles,  but  crowds  of  leucocytes,  are  seen  and  few  threads  of 
fibrin  ;  and  when  the  disease  has  passed  its  height  (sixth  to  ninth  day)  the 
sputum  becomes  semi-fluid  and  greyish  white,  and  under  the  microscope 
appears  almost  uniformly  made  up  of  leucocytes. 

On  post-mortem  examination  of  cases  dying  during  the  first  four  or  five 
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■days,  the  most  prominent  symptom  is  the  pneumonia ;  generally  one  lung, 
rarely  both,  shows  in  one  or  more  lobes  well-marked-off  intense  inflammation, 
the  tissue  being  in  a  solid  state,  intensely  congested,  dark  pm-ple  red — red 
hepatisation.  When  an  incision  is  made,  copious  almost  fluid  blood  oozes 
out  of  the  cut  surface  ;  pieces  of  such  a  lobe  sink  in  water.  The  pleura  is 
opaque  and  injected,  and  its  cavity  contains  in  some  cases  more,  in  others 
less,  sanguineous  serous  exudation :  the  right  heart  contains  clotted  blood. 
In  cases  that  die  after  the  seventh  to  ninth  or  tenth  day  the  inflamed  lobes 
are  less  red  than  in  the  former  stages,  but  solid,  and  portions  of  them  sink  in 
water ;  on  incision  the  surface  is  less  juicy,  is  grey — grey  hepatisation.  Con- 
gestion of  the  Hver,  spleen,  and  the  cortex  of  the  kidney,  and  inflammation  of 
the  pleura  and  pericardium,  with  serous  and  fibrinous  exudation  are  occasion- 
ally present,  particularly  of  the  pleura,  which  latter  condition  is  generally 
observed  at  the  ^ost-mortem  of  early  cases,  i.e.  those  that  die  in  the  stage  of 
red  hepatisation.  Ecchymoses  into  the  mucous  membrane  of  the  stomach 
and  intestine  are  sometimes  observed  in  such  cases. 

On  microscopic  examination  of  the  red  hepatised  lung,  one  finds  all  the 
b^God-vessels  of  the  inflamed  lobes  intensely  congested,  the  blood-vessels,  in- 
■cluding  the  capillaries  around  the  air  cells,  engorged  with  blood  ;  the  alveolar 
cavities,  infundibula,  and  minute  bronchi  are  distended  by,  and  filled  with  a 
dense  network  of  fibrin  threads,  in  whose  meshes  are  situated  numerous  red 
blood-corpuscles  and  a  few  leucocytes,  isolated  or  in  groups ;  the  epithehal  cells 
lining  the  alveoli  are  swollen  and  detached  from  the  wall,  and  are  contained 
within  the  fibrinous  mass.  The  substance  of  these  epithehal  cells  is  granular 
and  contains  vacuoles  ;  in  the  alveolar  wall,  and  in  the  peribronchial  and 
interlobar  connective  tissue,  blood  is  present  en  masse.  Around  the  branches  of 
the  pulmonary  artery,  and  around  the  small  and  large  bronchi,  are  found 
numerous  leucocytes.  In  the  stage  of  grey  hepatisation  the  air  cells  and 
infundibula  and  small  bronchi  are  filled  with  a  network  of  fibrin,  and  in  their 
meshes  very  numerous  leucocytes,  a  few  red  blood-corpuscles,  and  a  few 
epithelial  cells  are  discernible  ;  in  this  stage  leucocytes  are  found  also  in  the 
alveolar  walls  and  in  the  peribronchial  tissue  (figs.  33  and  34).  Examined 
under  the  microscope  the  hver  appears  congested;  the  hver  cells  are 
slightly  swollen  and  granular,  and  in  most  lobules  many  of  the  cells  contain 
fat  globules,  i.e.  show  fatty  degeneration. 

In  the  kidney  the  epithehum  of  the  convoluted  uriniferous  tubules  shows 
opaque  swelling  and  granular  degeneration. 

The  first  statements  that  a  definite  microbe  is  present  in  the  sputum  and 
in  the  exudation,  contained  in  the  ak  cells,  were  made  by  Friedlander. 
Though  Klebs,  Koch,  and  others  had  previously  described  cocci  as  occurring 
in  the  exudation,  Friedlander  ^  and  Frobenius  first  demonstrated  by  the 
culture  test  the  presence  of  a  definite  species  of  capsulated  oval  cocci,  called 
by  them  pneumococci,  but  now  known  as  the  bacillus  of  Friedlander, 
since  it  has  been  shown  that  the  coccus  is  only  a  phase  in  the  growth  and 
multiplication  of  the  microbe,  and  that  this  is  really  a  rod-shaped  organism, 
a  bacillus.  It  occurs  as  oval  cocci,  as  single  rods,  as  chains  of  oval  cocci 
or  rods.  In  the  sputum  and  in  the  exudation  of  the  lung  it  is  characterised 
by  a  hyaline  capsule,  each  coccus  or  rod  when  isolated  being  surrounded  by 
it,  or  it  forms  a  common  capsule  round  a  dumb-bell  of  the  oval  or  rod-shaped 
elements ;  in  cover-glass  specimens  of  the  sputum  or  lung  exudation  the 
capsules  can  be  stained  in  a  different  colour  from  the  rods,  either  by  over- 
staining  the  whole,  e.g.  with  carbol-methyl  blue  or  Weigert's  gentian  violet, 

>  Fort.  d.  Med.  vol.  i.  1883,  No.  22. 
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and  then  well  washing  with  spirit.  By  this  means  the  capsule  remains  faintly 
stained  while  the  cocci  or  rods  retain  a  deep  colour  :  or  by  Gramm'smethod — 
first  stain  in  gentian  violet,  then  in  eosin  ;  or  by  double  staining  first  with 
methyl  blue  or  gentian  violet  and  then  with  eosin.  In  sections  through  the 
hardened  lung,  the  capsulated  rods  and  cocci  can  be  shown  by  well  staining 
with  carbol  fuchsin  (half  to  two  hours),  then  washing  in  alcohol  for  some 
time  (half  to  one  hour). 

This  bacillus  of  Friedlander,  when  it  occurs,  appears  in  the  stage  of  red 
hepatisation,  and  disappears  during  the  further  stage.  It  shows  the  following 
characters  in  cultivation,  whether  derived  from  the  sputum  or  the  lung  juice  : 
in  stab  cultures  in  nutritive  gelatine  it  forms  a  whitish  line,  which  gradually 
thickens,  and  which,  on  the  surface  of  the  stab,  forms  a  convex,  rounded, 
greyish,  or  greyish-pink  knob,  the  culture  thus  resembling  a  '  nail,'  in  which 
the  linear  growth  in  the  stab  is  the  nail  pin,  the  convex  knob  at  the  upper 
end  of  the  stab  the  nail  head.  In  plate  cultivation  it  forms  small  round 
greyish- white  colonies,  those  situated  on  the  surface  of  the  gelatine  being 
convex.     The  bacilh  and  cocci  of  the  cultures  have  no  distinct  capsules. 

Friedlander  and  Frobenius  and  other  observers  afterwards  tried  to  show 
the  pathogenic  action  of  this  microbe  on  rodents — mice  and  guineapigs. 
They  did  not  succeed  in  producing  any  pathogenic  action  by  injecting  the 
cultures  subcutaneously,  but  on  inoculation  into  the  pleural  cavity  and  the 
lung  tissue  (by  means  of  a  Pravaz  syringe,  the  cannula  of  which  pierces  the 
wall  of  the  chest)  those  observers  produced  definite  results :  pleuritis  and 
pneumonia,  and  in  the  pleural  exudation  and  inflamed  lung  the  capsulated 
bacilli  were  found  in  great  numbers.  The  writer  has  in  1883  {see  Eeport  of 
the  Medical  Officer  of  the  Local  Government  Board  for  1884)  shown  that  by 
subcutaneous  injection  of  sputum  of  croupous  pneumonia  (from  the  stage  of 
red  hepatisation)  into  rabbits  and  mice,  acute  septicemia  is  sometimes  pro- 
duced ;  in  the  blood,  pleural  and  pericardial  exudation,  and  in  the  congested 
lung  of  such  animals  the  capsulated  bacillus  of  Friedlander  can  be  demon- 
strated in  large  numbers.  The  writer  has  in  that  paper  taken  exception  to 
the  assumption  made  by  Friedlander  as  to  the  true  pathogenic  nature  of  the 
so-called  pneumococcus  of  Friedlander ;  that  is  to  say,  from  the  inconstancy, 
scarcity,  and  unequal  distribution  in  the  human  lung  of  this  microbe, 
and  owing  to  the  septicgemic  action  on  mice  and  guineapigs,  and  to  the 
method  of  experimentation  used  by  Friedlander  and  others  in  order  to 
demonstrate  that  this  microbe  is  the  true  pneumonia  microbe,  the  writer  has 
differed  from  the  proposition  that  the  bacillus  of  Friedlander  is  the  microbe 
of  croupous  pneumonia.  Passet  has  shown  that  a  capsulated  microbe  in 
every  respect  identical  with  Friedlander's  pneumonia  bacillus  occurs  else- 
where and  independently  of  croupous  pneumonia — is,  in  fact,  probably  a 
normal  inhabitant  of  the  fluid  of  the  mouth  and  throat,  and  is  present 
in  the  normal  sputum.  A.  Frankel,i  and  independently  at  the  same  time 
Weichselbaum,^  have  by  a  very  large  series  of  observations,  made  on  very 
numerous  cases  of  genuine  lobar  or  croupous  pneumonia  in  the  stage  of  red 
hepatisation,  shown  that  the  bacillus  of  Friedlander  occurs  only  in  a  small 
percentage  of  cases ;  but  that  almost  invariably  there  is  present  in  large 
numbers,  both  in  the  sputum  and  the  lung  juice,  an  oval  capsulated  coccus, 
and  they  justly  conclude  that  Friedlander's  bacillus  cannot  be  causally 
connected  with  pneumonia. 

The  coccus  which  Frankel  and  Weichselbaum  independently  discovered 
is  capsulated,    and  occurs   as   a  rule   as   a   diplococcus ;    occasionally  the 

^  Deutsche  med.  Wochenschrift,  1885,  No.  31. 
'  Wiener  vied.  Jahrbilcher,  1886,  p.  483, 
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diplococcus  is  arranged  in  shorter  or  longer  chains.  This  diplococcus  does  not 
grow  on  gelatine  at  20°  C. ;  it  requires  higher  temperature,  at  least  22°  to  24° 
■C,,  i.e.  it  cannot  grow  at  ordinary  temperature,  but  nutrient  agar  or  blood 
serum  has  to  be  employed.  In  agar  plates  or  serum  plates  it  forms  rounded 
white  colonies ;  on  the  surface  of  the  agar  or  serum,  in  streak  culture,  it 
grows  as  a  whitish  film  ;  on  potato  the  growth  is  thin  and  white,  dry  and 
difficult  to  see.  Eecent  cultures  of  the  microbe  inoculated  subcutaneously, 
or  better  still  into  the  peritoneal  cavity,  produce  in  rabbits  and  mice  a 
general  septicemic  infection  ;  cultures  carried  on  for  several  generations 
gradually  lose  all  virulence.  Owing  to  the  fact  that  this  diplococcus  pneu- 
monia of  Frankel  and  Weichselbaum  has  been  found  by  them  and  by  others 
as  a  constant  and  numerous  inhabitant  of  the  sputum  and  lung  juice  of 
true  croupous  pneumonia  in  the  acute  stage,  it  is  considered  as  the  real 
microbe  of  this  pneumonia.  These  facts  have  hitherto  been  confirmed  by  a 
large  number  of  independent  observers. 

Notwithstanding  the  very  extended  observations  of  Frankel,  Weichsel- 
baum, and  of  many  others  in  relation  to  the  diplococcus  pneumoniae  and 
its  distribution,  it  is  perfectly  justifiable  to  question  whether  this  is  the 
microbe  of  all  cases  of  croupous  pneumonia,  and  whether  it  is  the  only  essen- 
tial etiological  factor  in  the  croupous  pneumonia.  Croupous  pneumonia  is  in  its 
pathology  and  clinical  aspects  a  well-defined  disease,  and  it  is  curious  to  find 
that  the  identical  microbe  should  also  be  the  cause  of  such  widely  different 
diseases  as  acute  purulent  otitis,  cerebro-spinal  meningitis,  and  acute  peri- 
tonitis (see  below).  Further,  Weichselbaum  ('  Wiener  med.  Blatter,'  XIII., 
No.  6),  examining  the  sputum  derived  from  twenty-one  patients  affected 
with  bronchitis  after  influenza,  found  the  diplococcus  pneumoniae  constantly 
present  in  considerable  numbers,  yet  only  in  two  or  three  cases  did  croupous 
pneumonia  actually  supervene  ;  again,  Besser  (Ziegler's  '  Beitrage  zur  path. 
Anat.,'  Band  VI.,  4)  fomid  in  the  normal  secretion  of  the  nasal  cavity  in 
fourteen  out  of  eighty-one  cases,  the  presence  of  the  diplococcus  pneumoniae 
in  many  instances  so  numerously  as  to  form  a  pure  culture.  He  further 
met  with  the  diplococcus  pneumoniae  in  the  bronchial  mucus  of  cases  of 
fracture  of  cervical  vertebrae,  in  one  case  of  tuberculosis  of  the  peritoneum 
and  in  one  of  enteric  fever ;  and  lastly  Neumann  ('  Centralb.  fiir  Bacteriologie 
und  Parasit.,'  VII.,  No.  6)  points  out  that  the  micrococcus  pyogenes  tenuis 
of  Rosenbach,  which  has  been  described  by  Eosenbach  and  others  in  con- 
nection with  various  kinds  of  purulent  processes  (empyema,  abscess  on  the 
neck,  on  the  leg,  and  in  the  processus  mastoideus,  &c.),  and  considered  to  be 
one  of  the  species  of  microbes  capable  of  causing  suppurative  changes,  is 
identical  with  the  diplococcus  pneumonia.  All  these  facts  would  point  to 
the  conclusion  that  a  particular  condition  of  the  lung  is  essential  for  the 
diplococcus  to  cause  the  pneumonia. 

Finkler  in  an  exhaustive  treatise  on  Acute  Pneumonia  ('Die  acuten 
Lungenentziindungen  als  Infections-Krankheiten,'  Wiesbaden,  1891),  summa- 
rises, p.  286,  his  own  observations  and  those  of  others  thus  :  (1)  Fibrinous 
pneumonias  are  caused  particularly  by  the  diplococcus  pneumonia  ;  (2) 
broncho-pneumonias  are  bacteriologically  not  a  single  disease ;  (3)  cellular 
pneumonias  are  caused  chiefly  by  streptococci. 

There  have  occurred  cases  of  pneumonia  in  batches  and  in  epidemics  in 
which  a  direct  infection  from  person  to  person  has  been  demonstrated,  pneu- 
monias which  in  many  respects  resemble  the  ordinary  croupous  pneumonia : 
the  symptoms  are  similar  and  the  course  is  only  slightly  diflerent ;  the 
sputum  IS  of  the  same  viscous  consistency  but  less  prune-juice-coloured, 
more  grey ;  in  the  later  stages  the  sputum  is  whitish  grey  and  more  fluid. 
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Under  the  microscope  few  red  blood-corpuscles,  but  numerous  leucocytes,  are 
seen  in  the  early  stages,  but  otherwise  the  sputum  looks  very  much  the  same 
as  in  the  above  croupous  pneumonia ;  in  the  later  stages  it  is  also  crowded 
with  leucocytes.  The  lung  shows  also  a  stage  of  red  and  a  stage  of  grey 
hepatisation,  the  latter  gradually  following  the  former.  The  naked  eye 
appearances  of  the  lung  differ  very  little  from  the  true  croupous  pneumonia, 
except  that  the  demarcation  of  the  inflamed  lobes  from  those  not  inflamed  is 
not  marked,  that  the  pneumonia  is  generally  double-sided,  and  that  the  lung 
is  more  flaccid  ;  sections  of  the  lung  in  the  stage  of  red  hepatisation  examined 
under  the  microscope  show  only  a  few  red  blood-corpuscles  in  the  exudation 
■of  the  air  cells,  but  very  numerous  leucocytes  and  a  few  detached  epithelial 
cells  in  a  network  of  fibrin.  In  this  respect  there  exists  a  difference 
between  this  kind  and  the  true  croupous  pneumonia  in  the  stage  of  red 
hepatisation ;  in  the  latter  the  network  of  fibrin  is  more  copious,  it  contains 
few  leucocytes  and  chiefly  red  blood-corpuscles  ;  whereas  in  the  pneumonia 
under  consideration,  even  in  the  earliest  stages,  the  alveolar  cavities  already 
contain  numerous  leucocytes — in  fact,  appear  crowded  with  them.  Now  in 
these  pneumonias  neither  the  bacillus  of  Friedlander  nor  the  diplococcus  of 
Prankel  and  We^.chselbaum  can  be  demonstrated.  The  cases  of  infective 
pneumonias  of  this  kind  that  the  writer  has  seen  were  those  investigated  by 
Dr.  Ballard  in  Middlesbrough,  and  described  by  him  in  the  Eeport  of  the 
Medical  Officer  of  the  Local  Government  Board,  1889.  The  pathology  and 
chnical  history  of  these  cases  have  been  described  by  Dr.  Ballard,  and  on 
comparing  them  with  what  is  known  of  the  ordinary  croupous  pneumonia, 
there  are  only  slight  differences  to  be  noticed. 

Cover-glass  specimens  made  from  the  sputum  or  the  bloody  juice  of  the 
lung  show  bacilli  in  large  numbers ;  they  are  neither  Friedlander' s  nor 
are  they  the  capsulated  diplococcus  of  Frankel-Weichselbaum  occurring  in 
genuine  croupous  pneumonia  ;  these  bacilh  are  present  in  the  juice  of  the 
inflamed  lungs  in  pure  culture.  They  are  short,  oval  rods,  some  are  con- 
stricted in  the  centre,  they  occur  singly  or  more  commonly  as  dumb-bells, 
•or  also,  but  rarely,  as  short  chains,  but  there  are  always  rods  amongst 
them  which  are  longer  and  more  cylindrical.  Cultivations  made  on  the 
surface  of  nutrient  gelatine  (in  plate  or  in  test  tubes)  with  such  lung  juice 
bring  forth  pure  cultures  of  the  microbe ;  and  it  is  hereby  seen  by  the  large 
number  of  colonies  that  come  up,  if  even  only  a  trace  of  the  lung  juice  be 
used,  that  those  bacilH  must  be  present  in  the  lung  in  very  large  numbers. 
In  preparations  made  of  such  colonies  many  of  the  microbes  are  short  and 
oval  rods,  but  there  are  now  a  good  many  longer  bacilli  visible,  and  after 
several  days'  growth  even  long  filaments  made  up  of  cylindrical  bacilli  can 
be  found.  The  size  of  the  bacilli  prepared  from  the  sputum  or  the  lung 
juice  or  from  cultures  is  this  :  the  thickness  0*3  to  0-4  ^u,  length  0*8  to  1*6  ju 
and  more.  The  bacilli  in  the  fresh  state  are  motile,  though  these  are  only 
few  in  number ;  a  good  many  individuals  do  not  show  it.  In  cultivations 
the  motile  forms  occur  only  if  the  culture  is  on  the  surface,  e.g.  on 
gelatine,  on  agar,  or  potato,  and  in  these  only  while  the  culture  is  of 
recent  date  ;  in  broth  after  two  days'  growth  at  37°  C.  motile  forms  are 
missed.  The  motility  consists  in  the  bacilli  darting  through  the  field  of  the 
microscope  or  spinning  round  very  rapidly.  These  facts  as  to  the  bacilli 
showing  motility  only  when  growing  on  the  surface  of  the  nutrient  medium 
show  that  a  free  supply  of  oxygen  is  required  to  maintain  such  motility. 
But  the  great  requirement  of  oxygen  during  the  growth  and  multiplication  of 
the  bacilli,  i.e.  that  they  are  aerobic,  is  also  shown  by  the  fact  that  they  do 
not  grow  well  and  rapidly  in  the  depth,  though  they  grow  and  multiply 
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with  enormous  rapidity  on  the  surface  of  the  nutritive  media.  When 
growing  in  a  gelatine  plate  cultivation,  those  colonies  that  develop  on  the 
surface  grow  incomparably  faster  than  those  which  develop  in  the  depth  ; 
while  the  former  in  a  few  days  reach  the  breadth  of  several  millimetres,  the 
latter  at  the  same  distance  of  time  are  only  minute  points.  The  colonies 
when  first  appearing  (twenty-four  to  forty-eight  hours)  on  the  gelatine  are 
minute  grey  round  dots ;  soon  they  spread  out  into  translucent  plaques,  of 
which  the  margin  is  thinner  than  the  centre,  being  at  the  same  time  irregu- 
larly crenated ;  under  a  glass  the  colonies  are  uniform  and  light  brownish  in 
colour.  In  about  ten  to  fourteen  days  the  diameter  of  the  plaques  reaches  as 
much  as  half  an  inch.  The  nutrient  gelatine  does  not  become  liquefied  at  any 
time.  In  streak  culture  on  gelatine  the  streak  is  already  after  two  to  three 
days  occupied  by  a  translucent  greyish  white  band,  2-3  mm.  wide,  thicker 
in  the  middle  than  in  the  margin,  which  latter  is  very  irregular  and  crenate. 
In  the  stab  culture  in  gelatine  the  stab  becomes  indicated  by  a  thin  grey 
line  made  up  of  minute  grey  droplets,  the  size  of  which  always  remains  smaU^ 
whereas  on  the  upper  or  free  end  of  the  stab  there  is  present  a  thin  greyish 
translucent  patch,  rapidly  expanding  and  of  irregular  and  crenate  outline. 
On  agar  mixture  at  36-37°  C.  the  growth  forms  in  a  few  days  a  thin  whitish- 
brown  pasty  pellicle  ;  in  alkaline  broth  at  37°  C.  the  bacilh  grow  very  rapidly, 
after  twenty-four  hours  producing  strong  turbidity,  after  two  to  three  days 
yielding  a  whitish  floccular  sediment ;  no  real  pellicle  is  formed  on  the  surface 
of  the  broth.  On  potato  at  37°  C.  the  growth  after  a  few  days is  a  hght  brown- 
coloured,  pasty,  moist  layer. 

The  cultures  as  also  the  lung  juice  act  virulently  on  mice  and  guineapigs, 
on  the  former  more  than  on  the  latter.  Subcutaneous  inoculation  produces 
disease  and  death  in  the  course  of  thirty  to  100  hours.  On post-morte7n  exami- 
nation both  lungs  are  found  intensely  inflamed,  some  portions  in  a  state  of  red 
hepatisation ;  generally  there  is  present  pleurisy  and  pericarditis  and  perito- 
nitis,  with  more  or  less  sanguineous  exudation.  The  spleen  is  enlarged  in 
mice,  but  not  in  guineapigs.  The  bacilli  can  be  easily  demonstrated  in  very 
large  numbers  both  by  cover-glass  specimens  and  by  cultures  in  the  heart's 
blood,  the  lung  juice,  and  the  spleen  of  the  mice,  and  in  the  limg  juice  of 
the  guineapigs. 

The  lung  juice,  or  cultures  derived  from  the  tissues  of  the  infected  mice 
or  guineapigs,  inoculated  into  further  mice  or  guineapigs,  produce  the  same 
disease  and  death  with  the  symptoms  just  described. 

While  working  with  cultures  of  these  bacilli  on  mice  and  guineapigs 
there  occurred  amongst  normal  mice  and  guineapigs,  kept  in  the  same  stalls 
as  the  experimental  animals,  an  epidemic  of  pneumonias,  leading  to  death  of 
a  great  many  of  them  ;  on  post-mortem  examination  all  showed  exactly 
the  same  appearances  as  the  above  experimental  mice  and  guineapigs,  and 
the  juice  of  the  inflamed  lungs  contained  the  same  bacilli  in  crowds. 

Three  monkeys,  kept  on  the  same  premises  and  which  most  probably 
became  accidentally  infected  by  food,  died  of  pneumonia.  In  the  inflamed 
lungs  the  bacilli  could  be  easily  demonstrated  by  cover-glass  specimens  and 
by  culture. 

It  may  be  added  here  that  in  two  out  of  five  cases  of  croupous  pneumonia 
following  after  influenza,  the  writer  has  found  the  same  bacUlus  in  large 
numbers,  almost  in  pure  culture  ;  its  cultural  characters  and  its  pathogenic 
action  on  mice  were  the  same  as  in  the  Middlesbrough  cases. 

Amongst  a  number  of  pneumonias  not  connected  with  influenza,  the 
same  bacillus  has  been  demonstrated  ui  a  small  percentage  of  the  cases,  but 
in  these  the  bacilli  were  present  in  pure  culture. 
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Fo^  ('  Deutsche  mediz.  Wochensclirift,'  1889,  No.  2)  describes  cases  of 
croupous  pneumonia  which  were  neither  associated  with  the  baciUus  of 
Friedlander  nor  with  the  diplococcus  of  Frankel-Weichselbaum.  In  the 
sputum,  in  the  fluid  withdrawn  from  the  inflamed  lung  during  hfe  by  means  of 
a  syringe,  and  in  the  hepatised  lung  after  death,  he  met  with  a  micrococcus, 
which,  owing  to  its  shape  and  being  capsulated,  he  called  micrococcus  lanceo- 
latus  capaulatus.  This  by  its  morphological  and  biological  characters  was 
recognised  as  a  definite  and  separate  species.  Cultures  of  it  in  broth  could 
easily  be  made,  also  on  agar  and  on  blood  serum  ;  it  did  not  grow  on 
potato  or  on  gelatine.  On  mice,  guineapigs,  and  rabbits  it  acts  virulently, 
on  the  latter  always  if  inoculated  in  large  quantities  ;  the  animals  dying 
in  two  to  three  days.  Injected  into  the  peritoneal  cavity,  it  produces  peri- 
tonitis with  serous  fibrinous  exudation ;  subcutaneously,  it  either  produces 
rapid  septicaemia  and  death,  or  a  severe  local  oedema  and  death. 

Hosier  ('Deutsche  mediz.  Wochenschrift,'  1889, Nos.  13  and  14)  describes 
cases  of  croupous  pneumonia  occurring  in  one  family,  and  clearly  communi- 
cated directly  from  one  member  to  the  other.  On  post-mortem  examination 
both  lungs  were  found  affected  with  fibrinous  pneumonia,  the  character  of 
the  hepatisation  being  of  a  haemorrhagic  kind,  and  there  was  also  hsemor- 
rhagic  fibrinous  pleuritis.  No  pneumococci  could  be  found  in  the  sputum 
or  lung.  Loffler  examined  the  lung  fluid  withdrawn  by  a  Pravaz  syringe 
from  the  living  patient,  and  in  it  he  found  very  numerous  examples  of  bacteria, 
belonging  to  one  single  species  of  bacilli  which  differed  from  Friedlander' s 
bacillus,  and  from  Frankel's  and  Weichselbaum's  diplococcus  pneumoniae. 
From  the  description  of  the  characters  in  cover-glass  specimens,  and  on  agar 
and  gelatine,  the  writer  finds  a  very  great  resemblance  to  the  bacilli  described 
by  himself  of  the  Middlesbrough  croupous  pneumonia.  However,  no  motility 
of  the  bacilli  was  noticed  ;  but  this  need  not  surprise,  since  striking  motility 
of  the  Middlesbrough  bacillus  is  noticed  only  in  recent  cultures  ;  after  two  to 
three  or  more  days  the  bacilli  do  not  show  any  conspicuous  motihty.  Mosler 
did  not  succeed  in  producing  any  disease  in  mice,  guineapigs,  or  rabbits,  nor 
were  the  bacilli  found  in  the  lung  at  the  post-mortem  examination. 

Various  acute  inflammatory  diseases  are  associated  with,  and  ascribed  to 
the  diplococcus  pneumoniae  of  Frankel  and  Weichselbaum.  Weichselbaum 
describes  ('  Wiener  klin.  Wochenschrift,'  1888,  Nos.  28-32)  several  cases 
of  acute  meningitis  :  three  cases  of  cerebro-spinal  meningitis  pure,  one 
case  of  acute  internal  hydrocephalus  and  spinal  meningitis,  one  case  of 
acute  encephalitis  and  circumscribed  cerebro-spinal  meningitis,  one  case  of 
pneumonia  of  long  standing,  there  being  present  at  the  same  time  ulcerative 
endocarditis  of  the  aortic  valves,  embolism  of  the  right  arteria  fossae  sylvii, 
and  circumscribed  meningo-encephalitis.  In  all  these  cases  the  diplo- 
coccus pneumonia  could  be  demonstrated  in  the  exudation  by  cover-glass 
specimens  and  cultures.  In  the  cases  of  primary  cerebro-spinal  meningitis 
and  meningo-encephalitis  Weichselbaum  constantly  found  exudations  in  the 
tympanic  cavity  and  the  secondary  nasal  cavities,  and  in  four  such  cases  he 
found  in  the  exudations  of  the  tympanic  cavities,  maxillary  cavity,  and  the 
ethmoidal  labyrinth  an  inflammatory  exudation  which  contained  the  diplo- 
coccus pneumoniae.  From  this  Weichselbaum  concludes  as  probable  that 
this  microbe  has  found  its  entrance  into  the  cranium  from  those  cavities  and 
set  up  the  meningitis.  Weichselbaum  found  also,  at  the  post-mortem  exami- 
nation of  cases  of  croupous  pneumonia,  exudations  in  the  tympanic  and 
secondary  cavities  of  the  nose,  and  of  the  ethmoidal  labyrinth,  which  contained 
the  diplococcus  pneumoniae ;  in  one  case  of  croupous  pneumonia,  dead  on  the 

VOL.  II.  K 


130  HYGIENE 

eighth  day,  he  found  that  microbe  even  in  the  cavity  of  the  sphenoid  bone. 
In  one  case  of  primary  pleurisy  with  shght  pericarditis  and  puerperal  endo- 
metritis, the  diplococcus  pneumoniae  could  be  demonstrated  in  the  pleural, 
pericardial,  and  uterine  exudations.  Banti  {ibid.)  describes  cases  of  peri- 
carditis, and  also  of  pleuritis,  associated  with  the  diplococcus  pneumonia. 

Foa  and  Bordoni  Uffireduzzi  hkewise  describe  cases  of  epidemic  cerebro- 
spinal meningitis  associated  with  the  diplococcus  pneumonise  (*  Zeitschr.  f. 
Hygiene,'  IV.,  1,  p.  67). 

Bonone  (' Centralbl.  f.  Bact.  und  Parasit.,'  IV.,  No.  11,  p.  321)  de- 
scribes a  case  of  pleuro- pericarditis  and  cerebro-spinal  meningitis  in  which 
he  found,  and  from  which  he  cultivated  (from  the  fibrinous  exudation  of 
these  membranes),  a  microbe  which,  though  in  many  respects  resembling  the 
diplococcus  pneumoniae,  was,  nevertheless,  found  to  offer  slight  differences  ; 
for  this  reason  Bonone  calls  it  the  pseudo-diplococcus  pneumonia. 

Weichselbaum  has  further  observed  (*  Centralbl.  fiir  Bact.  und  Parasit.,' 
1888,  Band  V.,  No.  2)  cases  of  primary  acute  peritonitis,  followed  by  pleurisy,  in 
the  exudation  of  which  the  diplococcus  pneumoniae  was  found  in  large  numbers. 

The  same  author  ('  Monatsschrift  f.  Ohrenheilk.,'  1888,  Nos.  8,  9)  de- 
scribes a  case  of  acute  rhinitis  and  otitis  media,  followed  by  pneumonia  of 
one  lobe  of  the  left  lung  and  acute  parenchymatous  nephritis ;  in  the  exudation 
of  the  nasal  cavity  and  in  the  pus  of  the  tympanic  cavity  and  mastoid 
ceUs,  the  bacillus  of  Friedlander  was  present  in  large  numbers. 

Levy  and  Schrader  ('  Archiv  f.  exper.  Path,  und  Pharm.,'  XXVI.,  1889, 
and  '  Centralb.  f.  Bact.  und  Parasit.,'  VII.,  No.  3,  p.  98)  found  amongst  ten 
cases  of  otitis  media  thrice  the  diplococcus  pneumoniae,  thrice  staphylococcus 
pyogenes  albus,  once  streptococcus  pyogenes,  once  diplococcus  pneumoniae 
and  streptococcus  pyogenes,  once  diplococcus  pneumonia  and  staphylococcus 
albus,  and  once  staphylococcus  pyogenes  albus  and  cereus  albus. 

Zaufal,  on  the  other  hand,  mentions  cases  of  genuine  acute  otitis  media 
caused  by  the  diplococcus  pneumoniae  ('  Centralb.  f.  Bact.  und  Parasit.,'  Band 
v.,  p.  617).  Kanthack  ('  Zeitschr.  f.  Ohrenheilk.,'  XXI.,  1890,  p.  44)  found  in 
the  exudation  of  seven  cases  of  otitis  media  the  staphylococcus  pyogenes 
albus,  the  bacillus  saprogenes  of  Eosenbach,  and  the  diplococcus  pneumonia. 

Influenza 
Maximilian  Jolles  (' Wiener  med.  Blatter,'  1890,  XIII.,  No.  4)  asserts  the 
constant  presence  of  the  capsulated  bacillus  of  Friedlander  in  the  sputum  of 
persons  who  had  passed  through  influenza,  and  is  inclined  to  ascribe  to  it 
an  etiological  importance  ;  but  for  this  there  is  not  sufficient  ground,  since 
this  baciUus  is  present  also  in  normal  sputum,  and  further  the  pneumonia 
following  influenza  is  sometimes  of  the  character  of  a  complication  or 
secondary  infection.  With  this  accord  Weichselbaum's  observations  (ibid. 
1890,  No.  6),  who  found  in  cases  of  pneumonia  following  influenza  the 
diplococcus  pneumonia  ;  but  he  found  this  same  microbe  abundantly  in  the 
sputum  of  other  cases  of  influenza,  twenty-one  in  all,  though  only  in  two 
of  them  croupous  pneumonia  supervened.  Weichselbaum  arrives  at  the 
conclusion  that  the  diplococcus  pneumonia  is  not  the  microbe  of  influenza. 

Eibbert  and  Finkler  describe  the  streptococcus  pyogenes  as  the  cause 
of  the  pneumonia  following  influenza,  and  the  first-named  author  thinks 
that  microbe  also  the  microbe  of  the  influenza  itself. 

Professor  Klebs,  of  Ziirich  ('  Centralbl.  fiir  Bact.  und  Parasit.,'  VII.,  5) 
maintains  that  during  the  febrile  stage  in  influenza  the  blood  contains,  '  in 
very  large  numbers,  flagellate  protozoa,'  either  free  in  the  plasma,  or  adher- 
ing to  or  contained  within  the   red  blood   discs.      More  recently  Pfeiffer 
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('Deutsche  med.  Wocti.'  No.  2,  1892)  described  the  constant  presence  m  the 
bronchial  sputum  and  in  the  pulmonary  exudation  in  all  cases  of  influenza, 
mild  or  severe,  of  minute  bacilli,  about  half  the  length  but  the  same  thickness 
as  the  bacilli  of  mouse  septicaemia  ;  in  stained  specimens  the  bacilli  show 
a  characteristic  bipolar  granule  with  intermediate  clear  part,  hence  resemble 
a  diplococcus.  They  are  aggregated  in  smaller  or  larger  clumps,  occur  in 
the  leucocytes  of  the  sputum,  and  also  form  short  chains,  which  in  staiaed 
specimens  resemble  streptococci.  These  bacilli  disappear  with  the  cessa- 
tion of  the  disease.  Kitisato  (ibid.)  cultivated  the  bacilli ;  they  grow  in  a 
characteristic  manner  in  broth  and  agar  kept  at  37°  C.  The  broth  remains 
clear,  while  a  growth  at  the  bottom  of  the  fluid  appears  as  whitish  grey 
granules,  and  fluffy  nebulous  masses.  On  agar  the  growth  forms  minute 
translucent  droplets  which  have  no  tendency  to  coalesce  ;  the  bacilh  do  not 
grow  on  nutrient  gelatine  kept  at  20°  to  22°  C.  In  broth  and  in  agar  the 
bacilli  form  long  threads  [see  fig.  6).  Pfeiffer  did  not  meet  with  the  bacilli 
in  any  but  influenza  cases  ;  Kitisato  did  not  succeed  in  cultivating  the 
bacilli  from  any  but  influenza  sputum  ;  Canon  (ibid.)  asserted  the  presence 
of  bacilli,  supposed  to  be  morphologically  the  same  as  the  above,  in  the 
blood  of  all  cases  of  influenza,  their  number  varying  in  cover-glass  specimens 
between  5  and  20,  occurring  singly  and  in  small  groups.  The  writer  had 
the  opportunity  of  confirming  Pfeiffer's  and  Kitisato's  discovery  as  to  the 
presence  of  the  bacilli  in  the  bronchial  sputum  of  cases  of  influenza,  as  also, 
to  a  hmited  degree,  the  assertion  of  Canon  as  to  the  presence  of  certain 
bacilli  in  the  blood  ('  Br.  Med.  Journal,'  January  23,  1892).  From  an 
extensive  series  of  observations  carried  out  during  February,  March,  and 
April,  1892,  the  writer  has  convinced  himself  that  while  Pfeifl^er  and 
Kitisato's  assertions  are  correct,  those  of  Canon  cannot  be  upheld,  since  in 
over  fifty  cases  of  true  uncomplicated  influenza,  in  which  the  blood  was 
examined  (prolonged  staining  of  cover-glass  specimens  after  Canon's  method 
with  a  mixture  of  eosin  and  methyl  blue),  in  only  two  cases  were  bacilh 
present  in  appreciable  numbers  [see  fig.  95),  in  a  third  case  there  were 
present  but  very  few,  and  in  the  rest  no  microbes  could  be  detected. 
Cultivations  of  the  blood  yielded,  except  ia  one  case,  no  organisms.  The 
bacilli  present  in  the  blood  of  the  above  three  cases  appeared  larger  than 
the  influenza  bacilh  of  the  bronchial  sputum. 

Important  observations  on  the  different  species  of  bacteria  found  in  influ- 
enza are  recorded  by  Babes, '  Centralbl.  f.  Bact.  und  Parasit.,'  IX. ;  Friedrich, 
'  Arbeiten  aus  dem  Kais.  Gesundheitsamte,'  VI.,  2  ;  Kirchner,  '  Zeitschrift 
f.  Hygiene,'  IX.,  3,  p.  528 ;  Bein,  '  Centralbl.  f.  Bact.  und  Parasit.,'  IX., 
No.  5  ;   Frankel,  Fraser,  Kartulis,  and  others,  ibid. 

As  to  pleuro-pneumonia  of  cattle,  various  species  of  microbes  have  been 
described  as  the  cause  of  it,  but  none  can  be  said  to  have  been  at  all  satisfac- 
factorUy  proved  to  be  so  {see  the  assertions  of  Lustig,  Poels,  and  Nolen). 


CHAPTER  XVII 

GONOBEHCEA 

In  this  acute  infection,  be  it  of  the  conjunctiva,  or  of  the  urethra,  or  vagina, 
the  inflammation  is  essentially  of  the  character  of  a  severe  catarrh :  the 
mucous  membrane  is  congested,  and  its  tissue  is  infiltrated  with  leucocytes  ; 
these  migrate  into  the  epithelium  of  the  surface,  and  through  this  on  to  the 
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free  surface.     The  lines  occupied  by  the  cement  substance  of  the  epitheKal 
cells  are  at  first  the  paths  through  which  the  leucocytes  and  exudation  pass 
towards  the  surface  ;  as  these,  with  the  progress  of  the  disease,  increase  in 
number,  they  burrow  also  into  the  substance  of  the  epithelial  cells,  numerous 
epithelial  cells  at  the  same  time  becoming  swollen  and  detached.     In  the 
earher    stages    the   exudation    passing   fi'om    the    surface    of   the  mucous 
membrane  is  thin  and  more  of  a  serous  or  thin  purulent  character ;  later  on 
it  becomes   more  of  the   character  of  thick  pus.     In  the  former  we  find 
numerous  free  epithelial  cells  and  leucocytes ;  some  of  these  epithehal  cells 
contain  vacuoles,  and  in  them   one  or  more   leucocytes ;  occasionally  one 
meets  with  a  large  epithelial  cell  containing  in  a  cavity  a  number  of  leuco- 
cytes, the  protoplasm  of  the  epithelial  cell  being  reduced  to  the  periphery 
and  including  the  compressed  oval  nucleus.     Such   epithehal   cells  with 
vesicles  in  which  one  or  more  leucocytes  are  contained,  have  been  occa- 
sionally interpreted  as  epithelial  cells  in  which  pus  cells  are  being  formed 
by  endogenous   formation  ;    but  in   sections  through  the   epithehuna  it  is 
clearly   seen  that  leucocytes   everywhere  pass   from   the   mucosa  into  the 
epithelium,  and  here   they  invade  the  epithelial  cells  themselves.     In  the 
later  stages,   when   the   exudation   is  of   thicker  consistency,  the  relative 
number  of  epithelial  cells  in  the  exudation  is  not  so  great  as  at  first,  but  the 
number  of  pus  cells  is  very  great,  and,  indeed,  causes   the  consistency  of 
the  exudation.     Neisser  was  the  first  who  pointed  out  the  constant  presence, 
in  the  exudation  in  gonorrhoea,  of  peculiar  micrococci,  which  occur  as  dumb- 
bells and  as  masses  of  dumb-bells  either  free  in  the  serum,  or  frequently 
within  the   protoplasm   of  the  pus  cells,  or  adhering  in  smaller  or  larger 
numbers  to  the  epithehal  cells  :    these  cocci  he  called  gonococci  (fig.  96). 
The  length   of  a   coccus  is   1*25   /u,   the   transverse   diameter   0*6-0"8   /j, 
and  they  occm-,  as  just  stated,  in  the  form  of  diplococci  and  as  groups  of 
four ;  the  cocci  are  crescentic,  and  in  this  respect  do  not  differ  from  many 
other  species  of  cocci  {see  Section  A  of  this  article).     Besides  these  diplococci, 
cocci  often  occur  in  the  pus  of  gonorrhoea  which  are  spherical  and  probably 
belong  to  the  staphylococcus  species  (hquescens  albus  and  liquescens  aureus). 
The  gonococcus  does  not  grow  on  nutrient  gelatine,  on  agar  mixture,  or 
potato,  and  herein  differs  materially  from  the  ordinary  cocci  occurring  in  pus. 
Bumm  has  proved  that  the  gonococcus  grows  only  on  blood  serum,  and 
Loffler  and  Krause  have  also  succeeded  in  growing  it  on  serum.     In  streak 
cultures  on  moderately  solid  blood  serum  and  kept  at  32°  C,  well  moistened, 
the  gonococcus,  according  to  Bumm,  grows  in  the  form  of  a  thin,  narrow, 
greyish-yellow  film,  1-2  mm.  in   breadth,  with  smooth  and  moist-locking 
surface.     The  growth  does  not  proceed  for  more  than  a  few  days,  and  then 
dies.     Animals   are   refractory  against  the  gonococcus  or  the  gonorrhoeal 
secretion ;  dogs,  rabbits,  monkeys,  horses  show  no  reaction,  either  on  the 
conjunctiva  or  on  the  urethra.     Bumm  has,  however,  succeeded  in  pro- 
ducing in  the  human  subject  real  gonorrhoea  by  inoculating,  from  a  cultm-e 
of  the  gonococcus,  the  urethral  mucous  membrane. 

There  can  be  no  doubt  about  the  fact  that  the  gonococcus  which,  as 
mentioned  above,  grows  well  on  serum,  is  peculiar  to  gonorrhoea,  and  can- 
not, therefore,  be  confounded  with  other  pus  micrococci.  Probably  Neisser's 
gonococcus  was  only  a  pus  coccus,  since  it  grew  also  on  other  media. 

Koch  ('  Cholerabericht,'  1883)  has  shown  that  what  is  spoken  of  as  '  Egyp- 
'tian  ophthalmia  '  is  really  two  kinds  of  infectious  ophthalmias :  one  is  an 
acute  blennorrhoea  or  purulent  ophthalmia,  and  does  not  differ  fi'om  that 
known  to  occur  in  consequence  of  infection  with  gonorrhoeal  exudation. 

Catarrhal  Conjunctivitis  (Koch). — A  second,  the  true  Egyptian  ophthal- 
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mia,  is,  however,  of  an  altogether  different  etiological  character,  though  in  its 
symptoms  and  pathology  it  is  similar  to,  but  not  identical  with,  the  blennor- 
rhoea.  This  second  one,  the  '  catarrhal  conjunctivitis,''  is  associated,  not  with 
the  gonococcus,  but  with  a  minute  fine  bacUlus,  very  similar  in  morphological 
respects  to  the  bacillus  of  Koch's  mouse  septicaemia  mentioned  in  a  former 
chapter.  In  this  ophthalmia  the  bacillus  is  present  in  the  purulent  exudation 
of  the  conjunctiva  as  isolated  rods,  but  more  commonly  enclosed  within  the 
pus  cells,  whose  protoplasm  is  sometimes  found  crowded  with  them  {see 
fig.  97),  in  the  same  way  as  we  saw  the  leucocytes  in  the  mouse  septi- 
cemia crowded  with  the  small  bacilli.  The  cultivation  of  these  bacilli  carried 
out  by  Kartulis  {see  below)  shows  that  there  exist  definite  differences 
between  this  and  the  septicaemia  bacillus  of  mice. 

KartuUs,  besides  describing  minutely  the  symptoms  and  course  ('  Centralbl. 
f.  Bact.  und  Parasit.,'  Band  I.,  No.  10,  pp.  289-293),  and  the  differential 
characters  existing  between  blennorrhoea  of  the  conjunctiva  and  the  catarrhal 
ophthalmia,  succeeded  in  cultivating  the  bacilh  of  the  catarrhal  or  true 
Egyptian  conjunctivitis.  He  showed  that  they  do  not  grow  on  nutrient  gela- 
tine ;  on  blood  serum  or  on  agar  they  grow  well  between  28-36°  C,  forming 
in  thirty  to  forty  hours  small  white  punctiform  colonies,  prominent  over  the 
surface  of  the  medium  ;  when  closely  sown  (e.g.  in  streak  culture)  they  soon 
coalesce  into  a  whitish  grey  band  of  a  fatty  glistening  appearance ;  the 
margin  of  the  band  is  wavy  or  crenated.  Animals  inoculated  on  the  con- 
junctiva with  the  conjunctival  secretion  or  with  the  culture  prove  refractory  ; 
but  Kartulis  succeeded  in  producing  with  the  culture  the  typical  catarrhal 
conjunctivitis  in  one  out  of  six  cases  in  the  human  subject.  The  pus 
corpuscles  resulting  in  this  case  were  crowded  with  the  characteristic  baciUi. 
This  one  case  was  that  of  an  individual  twenty-five  years  old. 

Xerosis  Conjunctiva. — Under  this  name  is  understood  an  inflammation  of 
the  conjunctiva  associated  with  the  secretion  of  whitish,  fatty  scales  and 
clumps,  consisting  of  fatty,  degenerated  epithelial  cells  with  a  few  leucocytes. 
In  these  scales  certain  minute  bacilli  have  been  demonstrated  by  Kuhnbert 
and  Neisser,  Leber,  Schatz,  and  others,  in  large  numbers,  almost  in  pure 
cultures  ;  these  were  assumed  to  be  the  microbes  of  the  xerosis.  Schleich, 
Sattler,  Frankel,  and  Franke  found  them,  however,  in  the  secretion  of  the 
most  varied  inflammations  of  the  conjunctiva  and  cornea,  in  trachoma,  in 
corneal  abscess,  and  in  suppurations  of  the  eyeballs ;  and  Schreiber  has 
definitely  established  that,  not  only  do  they  occur  in  many  diseased  conditions 
of  the  eye,  but  also  on  the  normal  conjunctiva  :  this  view  is  in  harmony  with 
that  expressed  by  Weeks  and  also  Fick,  viz,  that  the  xerosis  bacillus  is  a  com- 
mon saprophyte,  which  owing  to  the  pathological  conditions  in  the  eye  finds 
an  excellent  medium  and  suitable  conditions  for  its  copious  multiplication. 


CHAPTEE  XVIII 

ACUTE  EXANTHEMATA 

The  diseases  belonging  to  this  group  are  :  (1)  foot-and-mouth  disease  ;  (2) 
small-pox  and  vaccinia,  and  chicken-pox  ;  (3)  scarlet  fever  ;  (4)  measles  and 
rubeola  ;  and  (5)  typhus  fever.  Strictly  speaking,  we  ought  to  include  here 
also  erysipelas,  but  this  has  been  treated  already  in  a  former  chapter,  to- 
gether with  the  septicsemic  diseases. 
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Foot-and-mouth  Disease 

This  acute  infectious  disease  affects  cattle,  sheep,  pigs,  and  man.  In 
cattle,  after  a  sudden  febrile  rise  of  temperature  and  general  constitutional 
disturbance  (falling-in  of  the  flanks  and  falling-off  in  feeding)  there  appears 
great  salivation  of  a  mucoid  viscid  saliva,  at  the  same  time  on  the  mucous 
membrane,  and  about  the  lips,  the  mouth,  the  gums,  and  also  the  tongue, 
there  are  visible  red  papules  of  irregular  shape,  which  in  a  day  change 
into  vesicles  or  blebs ;  these  blebs  have  only  a  very  short  duration,  since 
by  the  breaking  of  the  superficial  layer — the  cover  of  the  bleb — due  some- 
times to  mechanical  causes,  they  are  changed  into  ulcers  ;  the  mucous  mem- 
brane surrounding  the  ulcer  is  injected  and  the  base  of  the  ulcer  is  slightly 
depressed  and  often  bleeding  ;  in  a  few  days  the  ulcer  becomes  covered  with 
a  thin  cuticle,  and  then  begins  to  heal  ;  the  whole  is  slightly  depressed. 
While  this  eruption  appears  in  the  mouth  a  similar  change  occurs  in  the  skin 
of  the  cleft  between  the  hoofs  and  in  the  soft  skin  near  the  margin  of  the 
lioofs,  the  skin  being  at  first  swollen  and  injected,  then  a  distinct  vesiculation 
taking  place,  this  by  bursting  becoming  changed  into  a  sore.  These  sores 
are  very  extensive,  comprising  in  many  instances  the  whole  of  the  skin  of  the 
cleft  between  the  hoof,  and  also  extensive  areas  at  the  side  and  above  the 
hoofs  ;  the  margin  of  the  sore  is  tumid  ;  the  base  of  the  sore  dark  red  and 
bleeding.  These  sores  produce,  of  course,  lameness  of  the  extremity ;  the 
animals  move  with  difficulty  and  with  pain  ;  when  both  hind  or  both  fore  ex- 
tremities are  involved,  movement  is  well-nigh  impossible.  These  ulcerations 
last  for  several  days,  during  which  time  the  animals  do  not  feed  well,  do  not 
ruminate,  and  do  not  move  ;  sometimes  the  extent  of  these  ulcerations  is 
very  greab,  and  the  animals  are  then  in  a  very  helpless  and  pitiful  condition. 

In  the  sheep  the  eruption  in  the  mouth  is  not  so  common  as  in  cattle ; 
in  most  cases  it  is  limited  to  one  extremity  ;  here  it  is  of  the  same  nature  as 
in  cattle. 

In  pigs  the  eruption  is  most  intense  about  the  snout ;  sometimes  sores  of 
the  size  of  a  shilling  and  a  florin  being  observed ;  the  eruption  is  present  on 
the  feet  at  the  same  time. 

In  the  human  subject,  foot-and-mouth  disease  shows  itself  as  a  febrile  dis- 
order associated  with  and  followed  by  a  red  papular  eruption  of  the  skin  on 
the  hand  and  fingers,  more  rarely  the  toes  and  dorsum  of  the  feet,  and  on 
the  lips  and  the  mucous  membrane  of  the  mouth,  fauces,  and  pharynx.  The 
papules  are  situated  on  an  injected  basis  and  become  small  blisters,  then  dry 
up  into  a  thin  crust,  underneath  which  is  a  sore,  which  in  a  few  days,  as  a 
rule,  heals  up ;  in  rare  cases  the  ulceration  in  the  mouth  is  more  of  a 
diphtheritic  character,  and  then  runs  a  much  longer  course. 

In  respect  of  the  intimate  pathology  of  the  eruption  of  the  skin  and 
mucous  membrane,  the  following  have  been  shown  :  ^ — 

Sections  made  through  the  entire  vesicle  and  the  skin  adjacent  to  it  show 
the  following  {see  fig.  31) :  In  the  central  region  of  the  vesicle,  the  super- 
ficial corium  and  the  papillae  are  densely  and  almost  uniformly  infiltrated 
with  round  cells,  and  similar  cells  surround  all  vessels  throughout  the  entire 
thickness  of  the  corium.  In  the  peripheral  portions  of  the  vesicle  the 
infiltration  is  less  marked,  and  is  not  found  at  all  in  the  skin  bordering 
the  vesicle.  In  some  of  the  enlarged  (thickened)  papillse,  besides  the  round 
cells,  isolated  red  blood-corpuscles  are  met  with,  and  even  ruptured  blood- 
vessels with  haemorrhage.     The  vesicle  is  loculeied  and  made  up  of  a  number 

*  Beport  of  the  Medical  Officer  of  the  Local  Government  Board,  1885,  p.  122  et  passim. 
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of  smaller  and  larger  cavities,  extending  through  the  whole  thickness  of  the 
rete  Malpighii ;  in  the  centre  the  cavities  are  largest  and  longest,  reaching  in 
a  vertical  direction  from  the  superficial  corium  to  the  stratum  corneum 
of  the  epidermis.  The  septa  between  the  cavities  are  strands  of  compressed 
epithelial  cells  of  the  rete  Malpighii.  As  the  disease  progresses  these 
septa  are  broken,  and  the  cavities  enlarging  ultimately  break  through  and 
open  on  the  free  surface  ;  in  consequence  of  this  an  ulcer  is  established.  The 
contents  of  the  vesicle  are  a  fibrinous  fluid :  in  it  are  numerous  round  cells, 
detached  epithelial  cells  and  their  nuclei,  many  in  a  state  of  degeneration. 

The  whole  disease  is  then  an  acute  inflammation  of  the  corium  and 
papillae,  leading  to  the  exudation  of  round  cells  and  fluid  into  the  corium, 
the  papilla  and  the  stratum  Malpighii,  in  which  latter  cavities  are  esta- 
blished, gradually  enlarging  and  becoming  confluent. 

In  the  mouth  the  eruption  has  the  same  character,  except  that  the 
cavities  formed  within  the  epithelium  are  not  so  large  and  well  marked  ;  hence 
the  vesicle  is  not  so  conspicuous  ;  but  there  is  here  the  same  dense  infiltration 
of  the  mucous  membrane  and  of  the  epithelium,  with  lymph  and  leucocytes, 
and  after  the  rupture  of  the  superficial  epithelium  an  ulcer  of  the  mucous 
membrane  is  established. 

That  the  disease  is  transmissible  from  the  cow  to  human  beings  by  the 
milk  has  been  proved  by  various  outbreaks,  investigated  and  described  by  Dr. 
Thorne  Thorne  (Eeports  of  Medical  Ofiicer,  Local  Government  Board),  and 
that  it  is  also  transmissible  by  direct  contact  is  known  to  veterinary 
surgeons,  who,  by  inspection  of,  and  attendance  upon  diseased  cattle,  have 
been  known  to  have  contracted  the  disease  on  the  skin  and  in  the  mouth. 
The  way,  however,  in  which  the  disease  spreads  from  animal  to  animal  is 
not  well  understood ;  that  it  does  so  spread  easily  and  sometimes  with  great 
rapidity,  of  this  there  is  unfortunately  abundant  evidence,  and  for  this  very 
reason  it  is  so  much  dreaded  by  farmers.  If  in  a  herd  of  cattle  an  animal 
shows  the  disease,  there  is  little  chance  that  after  a  few  days  many  will  be 
found  free  of  the  disease  ;  in  a  flock  of  sheep,  one  diseased  animal  means 
in  many  instances  the  majority  of  the  flock.  That  the  saliva  of  a  diseased 
animal,  that  is,  an  animal  afi^ected  with  the  eruption  in  the  mouth,  produces 
the  disease  by  contact  with  the  healthy  mucous  membrane  of  the  mouth  in 
another  animal,  for  this  there  is  but  fragmentary  experimental  evidence. 
Mr.  Duguid  and  Dr.  Sanderson  in  1874  made  a  number  of  direct  ex- 
periments by  rubbing  hay,  moistened  with  the  saliva,  taken  from  cattle 
affected  with  the  eruption  in  the  mouth,  into  the  mucous  membrane  of 
the  mouth  of  healthy  cattle,  but  only  in  one  single  instance  did  they  succeed 
in  producing  the  disease.  In  this  single  instance  the  infection  may  have 
been  produced,  not  by  the  direct  contact  at  all,  but  by  way  of  the  stomach 
or  intestine,  or  the  respiratory  tract.  It  is  more  feasible  to  assume  that 
infection  is  carried  out  by  animals  while  feeding  on  grass  or  hay,  or  licking 
articles  which  have  been  tainted  with  the  diseased  matter  of  the  mouth  or 
feet  of  affected  animals  and  thereby  introducing  the  virus  into  their  system 
by  the  alimentary  canal  or  the  respiratory  tract ;  this  would  be  in  harmony 
with  what  actually  occurs  in  the  human  subject,  e.g.  by  milk.  The  eruption 
being  in  the  mouth  and  on  the  feet  does  not  and  cannot  of  course  mean  that 
the  contagium  has  been  introduced  at  those  places,  either  in  animals  or  in 
man  ;  this  is  no  more  the  case  in  foot-and-mouth  disease  than  in  small-pox, 
but  like  this  latter  is  a  result  of  the  general  infection  of  the  system  with  the 
virus.  In  experiments  which  the  writer  has  made  with  the  microbe  of  the 
disease  presently  to  be  described,  the  typical  disease  on  the  feet  of  sheep  was 
produced  by  feeding. 
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When  fine  sections  through  the  vesicle  (at  its  full  development,  and  before 
it  is  broken)  of  the  eruption  in  sheep  are  made  and  well  stained,  one  finds  in 
the  contents  of  the  vesicles  amongst  the  leucocytes  and  the  fibrinous  and  the 
albuminous  material,  cocci  arranged  as  diplococci  and  as  chains,  streptococci : 
their  diameter  is  about  0"2-0'4  /jl  ;  similar  cocci  can  be  demonstrated  also 
amongst  the  epithehum  cells  below  the  vesicle,  i.e.  those  in  contact  with  the 
corium.  From  the  contents  of  such  vesicles,  at  their  full  development, 
and  before  they  are  broken,  the  writer  has  isolated  by  cultivation  these 
streptococci.  In  the  manner  in  which  they  form  chains  when  growing  in 
fluid  medium  (broth)  they  resemble  other  streptococci,  e.g.  streptococcus 
pyogenes,  except  that  the  cocci  in  the  foot-and-mouth  microbe  are  very  much 
smaller  and  the  chains  are  more  wavy ;  also  in  the  way  in  which  they  grow 
on  the  surface  (streak  and  plate  cultures)  and  in  the  depth  (stab  culture)  of 
nutrient  gelatine,  on  and  in  agar,  and  on  solid  blood  serum,  the  strepto- 
cocci of  foot-and-mouth  disease  resemble  other  kinds  of  streptococci,  e.g. 
the  streptococcus  pyogenes,  the  streptococcus  of  scarlet  fever,  &c.  ;  but  on 
nutrient  gelatine  the  streptococcus  of  foot-and-mouth  disease  grows  much 
more  slowly  than  the  others  mentioned  just  now :  the  colonies  are  smaller, 
and  are  conspicuously  more  transparent  than  those  of  other  streptococci.  On 
making  a  streak  cultivation  on  the  surface  of  gelatine,  the  line  of  inocula- 
tion becomes  noticeable  after  a  few  days,  as  consisting  of  very  minute  dots, 
not  confluent ;  the  whole  growth  is  very  transparent  as  campared  with  a 
similar  growth  of  streptococcus  pyogenes. 

With  broth  cultures  of  the  streptococcus  of  foot-and-mouth  disease  the 
writer  has  by  feeding  sheep  been  successful  in  producing  the  typical  disease, 
viz.  typical  vesicles  on  the  feet. 

The  same  streptococci  as  were  used  for  the  feeding  were  again  recovered 
by  cultmre  from  the  vesicle  of  the  artificially  infected  sheep.  So  that  it  may 
be  considered  as  established  that  the  streptococcus  present  in  the  lymph  is 
the  actual  microbe  of  the  foot-and-mouth  disease. 

Schottehus  quite  recently  (1892)  observed  in  the  lymph  of  the  vesicles 
the  presence  of  streptococci,  which  he,  however,  calls  streptocytes,  but  from 
his  description  there  is  no  necessity  for  considering  them  other  than  strepto- 
cocci. 

Human  Vaeiola 
Pathology.— The  eruption  of  the  skin  known  as  small-pox  commences  as 
a  small  localised  swelling  of  the  congested  skin,  in  fact,  as  a  minute  firm 
papule,  the  swollen  skm  forming  the  papule,  as  well  as  the  skin  immediately 
surrounding  it,  being  much  congested  and  red.  Next,  the  papules  enlarge 
in  thickness  and  breadth,  and  at  the  same  time  show  in  their  marginal 
part  clear  evidence  of  vesiculation  ;  the  centre  is  less  prominent  than  the 
marginal  vesicular  portion,  hence  a  characteristic  '  umbilication  '  is  apparent. 
Next  the  vesiculation  extends  over  the  whole  pock,  which  hereby  loses  its 
umbUicated  aspect  and  becomes  convex,  the  centre  as  convex  as  the 
marginal  part,  that  is  to  say,  the  whole  pock  is  converted  into  a  flat  or 
slightly  acuminated  vesicle.  The  vesicle  at  first  contains  clear  lymph,  which 
soon  becomes  turbid  owing  to  the  presence  in  it  of  numerous  leucocytes 
or  pus  cells.  Next,  the  vesicle  dries  up,  the  covering  and  contents  becom- 
ing converted  into  a  brownish  crust;  at  this  time  the  injection  of  the 
sMn  surrounding  the  pock  becomes  more  marked,  thus  forming  a  more  or 
less  broad  areola.  In  a  few  days  the  crust  becomes  loose,  the  parts  under- 
neath being  slightly  moist  (purulent),  and  red  ;  finally  it  contracts  and 
heals,  and  the  place  of  the  former  pock  is  indicated  by  a  shghtly  tumid 
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reddish  mark.  This  course  is,  however,  only  noticeable  in  the  milder  cases  ; 
in  severe  cases  the  pocks  are  so  closely  placed — face,  arms,  and  legs — that 
when  they  enlarge  and  become  changed  into  vesicles  these  become  in  many 
places  confluent,  and  such  confluent  patches  sometimes  measure  an  inch  to 
two  inches  or  more  in  breadth  in  one  or  the  other  diameter.  Such  confluent 
small-pox  cases  are  always  marked  by  a  deeply  congested  skm  surrounding 
the  vesicles,  and  also  by  this,  that  when  the  vesicle  dries  up  into  a  yellowish 
or  brownish  scab,  and  after  this  has  become  loosened  and  detached,  an  ex- 
tensive ulcer  is  established,  the  surface  of  which  is  entirely  denuded  of  the 
epithehum  and  the  superficial  or  papillary  layer  of  the  cutis,  and  is  covered 
with,  and  infiltrated  by  purulent  matter  ;  when  this  ulcer  heals  it  always 
leaves  behind  a  reddish  cicatrix,  at  first  raised  beyond  the  surface  of  the 
surrounding  skin,  but  by-and-by  shrinking  and  becoming  converted  into 
a  pale  whitish  pitted  cicatrix.  In  malignant  forms  of  small-pox  the  lymph 
■of  the  vesicle  at  its  first  appearance  is  not  a  colourless,  transparent  fluid, 
but  is  more  or  less  deeply  stained  by  blood,  the  sldn  itself  surrounding 
the  vesicle  containing  blood  effused  in  its  tissue.  This  is  the  hsemor- 
rhagic  form,  and  is  due  to  rupture  of  blood  capillaries  in  the  superficial  parts 
of  the  corium  both  in  the  region  of  the  pock  as  well  as  that  surrounding 
it.  Sections  through  the  pock  in  its  various  stages  show  the  following 
features  :  (a)  in  the  stage  of  the  papule :  the  blood-vessels  of  the  corium 
and  papillae  are  distended  and  injected,  more  in  the  corium  of  the  papule 
itself  than  in  the  corium  immediately  surrounding  it ;  the  papilla  them- 
selves are  enlarged,  being  both  thicker  and  longer  ;  in  their  tissue  numerous 
lymph  cells  are  already  noticeable  ;  the  stratum  Malpighii  of  the  epidermis 
is  thickened,  O'UTng  to  a  rapid  multiplication  of  its  cells,  and  also  to  distinct 
swelling  of  the  ceUs  of  the  middle  layers.  In  a  vertical  section  the  stratum 
Malpighii  in  the  region  of  the  papule  is  twice  the  thickness  of  that  of  the 
surrounding  skin  ;  the  interstitial  spaces,  i.e.  between  the  epithelial  ceUs, 
particularly  those  in  the  upper  layers  of  the  stratum  Malpighii,  are  very  con- 
spicuous by  their  breadth,  (b)  In  the  stage  of  the  vesicle,  the  first  indications 
of  vesiculation  are  shown  by  the  appearance  of  microscopic  cavities,  round, 
irregular,  or  elongated  in  the  upper  layers  of  the  stratum  Malpighii  in  the 
marginal  region  of  the  papule,  hence  the  pock  appears  umbilicated ;  these 
spaces  and  cavities  are  entirely  due  to  the  enlargement  of  the  interstitial 
spaces  between  the  epithelial  cells.  Owing  to  the  congestion  of  the  vessels 
of  the  superficial  corium  and  the  papillte  we  are  justified  in  assuming  that 
a  considerable  amount  of  lymph  exudes,  not  only  into  the  tissue  of  the 
corium — hence  the  swelling  of  the  corium — but  also  into  the  epithelium, 
and  for  this  reason  the  intercellular  spaces  become  more  apparent ;  and, 
further,  as  this  exuded  lymph  passes  outwards,  it  will  accumulate  between 
the  cells  of  the  more  superficial  layers  of  the  stratum  Malpighii  of  the  marginal 
part  of  the  pock,  the  dense  horny  layer  above,  i.e.  the  stratum  lucidum  and 
corneum,  forming  a  barrier  to  the  further  passage.  Owing  to  this  accumula- 
tion of  lymph,  the  intercellular  interstices  change  into  cavities  of  various 
sizes,  and  the  epithelial  cells  themselves  become  involved,  some  being  com- 
pressed, and  others  gradually  swelling  up  and  disintegrating.  As  the  exuda- 
tion of  lymph  proceeds,  so  the  superficial  layers  of  the  stratum  Malpighii 
of  the  marginal  part  contain  more  and  more  of  those  cavities,  while  the 
epithelial  cells  themselves  become  greatly  disorganised ;  the  cavities  while 
enlarging  become  closer  and  longer,  and  ultimately  become  more  or  less  con- 
fluent, separated  only  by  streaks  and  septa  which  are  the  remnants  of  the 
former  epithelial  cells.  The  presence  and  increase  in  numbers  and  size  of 
these  marginal  loculi,  filled  with  lymph,  produce  the  marginal  vesiculation, 
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tlie  normal  skin  forming  to  a  certain  extent  a  barrier  to  the  progrss  of  the 
vesicle  ;  the  further  progress  of  the  exudation  will  produce  accumulation 
of  lymph  also  toward  the  central  part  of  the  pock  ;  hence  cavities,  filled  with 
lymph,  become  established  in  the  superficial  parts  of  the  thickened  stratum 
Malpighii,  and  this  causes  the  disappearance  of  the  central  umbilication  of 
the  pock.  The  exudation  of  the  lymph  proceeds  from  the  engorged  vessels 
of  the  corium  and  papillae  of  the  i^ock,  and  thereby  the  cavities  in  the 
stratum  Malpighii  become  more  and  more  enlarged,  so  that  almost  the  whole 
of  the  middle  and  upper  layers  of  the  stratum  Malpighii  become  converted 
into  larger  and  smaller  cavities,  some  confluent,  others  separated  only  by 
thin  trabeeulse  and  septa  :  these  latter  are  composed  of  the  remnants  of  the 
former  epithehal  cells,  some  of  them  compressed  into  non-nucleated  strands, 
others  still  showmg  a  remnant  of  a  nucleus,  but  their  substance  opaque  or 
breaking  down  into  granular  debris.  The  cavities  constituting  '  the  vesicle  ' 
contain  '  lymph,'  which  in  the  hardened  preparation  is  in  a  coagulated  state : 
it  contains  numerous  threads  of  fibrin,  and  in  its  first  appearance,  in  the 
marginal  part,  a  few  lymph  cells,  and  also  more  or  less  debris  of  broken-down 
epithelial  cells  are  to  be  noticed.  As  the  central  part  of  the  pock  becomes 
also  vesiculated,  the  number  of  lymph  corpuscles  present  in  the  cavities  is 
greatly  increased,  and  this  gives  to  the  lymph  the  opaque  or  purulent  cha- 
racter, and  constitutes  the  stage  of  the  pustule,  (c)  During  the  formation 
and  progress  of  the  cavities  in  the  marginal,  as  also  in  the  central  part  of 
the  pock,  there  is  great  emigration  of  leucocytes  from  the  blood-vessels, 
so  that  the  deepest  layer  of  the  epithelium,  the  tissue  of  the  papilla  and 
of  the  superficial  corium  all  become  infiltrated  with  crowds  of  leucocytes. 
Their  passage  from  the  papillary  layer  between  the  cells  of  the  deepest 
layer  of  the  epithelium,  and  further  into  the  cavities  in  the  middle  and  super- 
ficial layers  of  the  stratum  Malpighii,  can  be  easily  traced ;  at  the  same 
time  they  invade  the  epithelial  ceils  themselves  and  help  towards  their  de- 
struction. 

{d)  The  stage  of  the  crust.  When,  as  is  the  case  in  mild  forms,  the 
vesicle  dries  up  as  a  whole  and  is  converted  into  a  crust,  we  find  that  begin- 
ning with  the  margin  a  new  stratum  lucidum  is  formed  underneath  the 
cavities  of  the  vesicle ;  that  is  to  say,  the  deeper  layers  of  the  stratum 
Malpighii  in  the  region  of  the  pock  become  gradually  separated  from  the 
middle  and  upper  layers,  those  containing  the  cavities,  by  a  layer  of  horny 
epithelium,  so  that  the  vesicle  in  the  narrower  sense  becomes  enclosed  within 
two  horny  layers,  one  on  the  surface,  the  former  stratum  lucidum  and 
corneum,  and  one  in  the  depth,  the  new  stratum  lucidum  and  corneum. 
This  condition  it  is  which  has  given  rise  to  the  statement  that  the  vesicle  is 
developed  within  the  layers  of  the  stratum  lucidum,  an  incorrect  interpreta- 
tion, in  which  the  new  horny  stratum  separating  the  lower  layers  of  tbe  stratum 
Malpighii  from  the  vesicle  is  mistaken  for  a  portion  of  the  original  stratum 
lucidum.  The  vesicle  is  now  separated  by  a  horny  layer  from  the  deeper 
parts,  and  its  contents,  therefore,  dry  up  and  become  converted  into  a  crust, 
which  ultimately  loosens  and  falls  off,  leaving  no  scar  behind,  the  deeper 
layers  of  the  epithelium  and  the  papillae  having  been  preserved  underneath 
the  new  horny  layer.  At  the  same  time  the  congestion  abates,  and  the 
exudation  of  lymph  and  leucocytes  gradually  decreases,  and  finally  disappears 
altogether  from  the  epithelium  and  the  papillary  layer. 

But  when,  owing  to  the  severity  of  the  process,  the  enlargement  of  the 
vesicle  proceeds  and  extends  beyond  the  middle  layers  of  the  epithelium, 
and  the  infiltration  of  the  epithelium  and  papillte  with  pus  cells  continues, 
then  the  whole  thickness  of  the  stratum  Malpighii  becomes  involved  in  the 
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vesicle  and  tbe  crust,  and  the  tissue  of  the  superficial  layers  of  the  corium 
becomes  destroyed ;  a  typical  ulceration  is  the  result,  of  which  the  final  result 
is  seen  in  a  pitted,  well-marked  scar. 

Vabiola  Ovina 

In  sheep-pox  the  pathology  is  the  same  as  in  variola  of  man,  both  in 
cases  caused  by  inoculation  with  lymph  taken  from  a  previous  vesicle  produced 
by  inoculation — so-called  vaccine  vesicle  of  sheep — and  in  cases  of  a  general 
eruption,  natural  as  well  as  artificial,  as  after  injection  of  lymph  into  the 
vein  of  a  healthy  sheep.  In  the  papular  stage,  the  vesicular  stage,  the 
pustular  and  ulcerative  stages,  the  microscopic  appearances  are  the  same, 
the  duration  of  the  different  stages  being,  of  course,  different  from  those  of 
human  small-pox.  The  local  pock  produced  by  inoculation  of  lymph  is  slower 
in  its  development,  and  is  much  larger  than  that  of  the  general  eruption, 
reaching  a  size  of  one-half  to  an  inch  in  diameter.  The  vesicles  of  the  general 
eruption  run  a  much  quicker  course,  and  are  much  smaller  ;  those  on  the  lips 
containing  purulent  lymph  as  early  as  the  second  or  third  day,  so  that  from 
the  first  appearance  of  the  cavities  in  the  stratum  Malpighii,  in  the  marginal 
part  of  the  pock,  to  the  formation  of  the  cavities  in  the  middle  part  of  the 
pock,  not  more  than  some  hours  intervene. 

Variola  Vaccina 

The  spontaneous  eruption  on  the  teats  and  udder  in  cows  of  papules,  lead- 
ing to  vesicles,  and  these  again  to  brown  or  black-brown  thick  crusts,  known 
since  the  days  of  Jenner,  Ceely,  and  others  as  cow-pox,  shows  a  pathology 
identical  with  human  variola.  During  the  last  two  or  three  years  the  writer 
has  had  the  opportunity  of  studying  such  spontaneous  cow-pox  in  Gloucester- 
shire and  in  Surrey.  The  first  symptoms  consist  in  the  presence  of  red 
papules  on  a  tumid  injected  skin  ;  the  size  of  the  papules  is  in  some  places 
not  more  than  that  of  a  split  pea,  in  others  that  of  an  ordinary  pea  ;  the  skin 
is  tumid  and  much  injected.  In  a  day  or  two  after  their  appearance  the 
marginal  part  of  the  papule  begins  to  vesiculate,  and  is  of  light  colour,  while 
the  centre  is  dark  and  umbilicated  ;  the  vesicle  is  distinctly  surrounded  by 
a  sort  of  areola.  In  another  day  or  two  the  whole  papule  is  a  vesicle,  at  first 
loculated,  but  soon  continuous,  the  whole  eruption  having  at  the  same  time 
become  much  enlarged.  The  lymph  which  can  now  be  squeezed  out  of  the 
vesicle  after  breaking  the  superficial  horny  cover  is  clear,  and  under  the  micro- 
scope contains  few  lymph  cells.  But  soon  the  lymph  becomes  purulent  as 
the  lymph  cells  increase  in  numbers  ;  then  the  whole  vesicle  dries  up  into  a 
brownish  black  crust  which  gradually  thickens,  the  pock  enlarging  aU  the 
time,  the  corium  itself  being  tumid  and  infiltrated ;  the  scab  remains  firmly 
adhering,  and  continues  to  increase  in  thickness  for  about  a  week  ;  the  sur- 
rounding skin  is  at  first  much  injected,  but  gradually  becomes  paler.  Not 
till  the  beginning  or  middle  of  the  third  week  does  the  scab  show  any  signs 
of  loosening ;  after  this  it  begins  to  loosen,  and  finally  becomes  altogether 
detached,  leaving  a  scar  behind ;  the  time  of  falling  off  differs  in  the  same 
animal  considerably,  some  extending  over  five  to  six  weeks.  Underneath  the 
crust  is  a  sore,  covered  with  purulent  matter ;  this  ulcer  only  slowly  and 
gradually  contracts  and  dries  up,  becoming  finally  converted  into  a  scar, 
at  first  reddish,  but  gradually  becoming  pale.  If  the  crust  is  forcibly  taken 
off  while  it  thickens,  a  new  crust  is  formed  on  the  ulcer.  As  to  the  micro- 
scopic appearances,  they  are  essentially  the  same  as  in  human  and  sheep 
variola  :  the  microscopic  character  of  the  papule,  the  first  formation  of  the 


140  HYGIENE 

loculated  vesicle,  the  extension  of  the  vesicle  over  the  whole  pock,  the 
purulent  change  of  its  contents  due  to  the  presence  and  increase  of 
leucocytes,  the  condition  of  the  epitheUum,  of  the  papillse  and  corium  in 
their  different  stages,  the  changes  leading  to  the  formation  of  the  ulcer, 
and  the  character  of  the  scab,  all  these  are  essentially  the  same  in  both 
processes. 

By  inoculation  of  lymph  taken  from  the  vesicle  during  the  first  week,  or 
by  using  a  young  scab  not  later  than  the  tenth  day,  and  inoculating  it  into 
fresh  cows  or  calves,  typical  vaccinia  is  produced,  such  as  is  well  known 
since  the  days  of  Jenner,  Ceely,  Chauveau,  and  many  others.  For  illustra- 
tion of  the  appearances  of  the  various  stages  in  the  calf,  see  the  writer's 
paper  in  the  Eeport  of  the  Medical  Officer  of  the  Local  Government  Board, 
1889. 

Likewise  inoculation  of  susceptible  milkers  into  a  cutaneous  wound — 
generally  the  skin  of  the  hand — produces  at  the  place  of  inoculation  an 
eruption  known  as  human  vaccinia,  which  in  all  essentials  is  identical  with 
that  of  the  cow  or  calf :  the  formation  of  the  papule  (third  day) ;  the  gradual 
enlargement  of  this  and  the  formation  of  an  umbihcated  loculated  vesicle  with 
dark  centre  (sixth  to  eighth  day) ;  the  formation  of  the  surrounding  areola  ; 
the  extension  of  the  vesiculation  over  the  whole  of  the  enlarging  pock  (ninth 
or  tenth  day)  ;  the  purulent  change ;  the  drying  up  of  the  vesicle  into  a  dark 
brown  gradually  thickening  crust,  and  the  presence  underneath  it  of  a  deep 
red  sore  ;  the  loosening  and  ultimate  falling  off  of  the  crust ;  the  contraction 
and  healing  of  the  sore,  and  the  leaving  behind  of  a  pitted  mark,  at  first 
reddish,  gradually  becoming  pale  or  white  ;  all  these  are  the  same  as  in  the 
calf. 

Using  lymph  or  crusts,  after  the  purulent  stage  has  set  in,  an  eruption  is 
produced  both  in  the  calf  and  in  man,  which  runs  a  more  rapid  course,  and 
is  of  a  milder  character  than  the  above.  Eetrovaccination  of  the  caK  with 
lymph  taken  from  a  human  vesicle  not  later  than  the  eighth  day  pro- 
duces typical  results.  The  microscopic  nature  of  the  inoculated  vaccinia 
is  identical  both  in  the  calf  and  man  :  the  nature  of  the  papule,  the  formation 
of  the  vesicle,  or  rather  loculi  of  the  vesicle,  the  gradual  enlargement  of  this 
and  extension  over  the  whole  pock,  the  purulent  change,  the  microscopic 
character  of  the  changes  in  the  epithehum,  corium,  and  papilla,  are  in  all 
respects  the  same. 

Various  eruptive  diseases  on  the  teats  and  udder  of  the  cow  have  been 
described  by  veterinary  surgeons  as  true  cow-pox,  but  on  careful  investiga- 
tion, they  do  not  bear  this  interpretation.  Jenner  and  Ceely  have  already 
distinguished  some  such  eruptions  as  '  false  '  cow-pox.  Li  all  of  these  erup- 
tions it  can  be  shown  that  they  are  contagious  and  spread  from  animal 
to  animal,  generally  by  the  instrumentality  of  the  milker's  hands  in  the  act 
of  milking,  being  as  it  were  transferred  from  the  infected  teat  of  one  cow 
to  the  teat  or  udder  of  a  healthy  animal,  a  chap  or  any  abrasion  of  the 
epidermis  in  the  latter  animal  being  the  seat  of  the  inoculation,  which  is 
generally  followed  by  the  appearance  of  a  red  pimple.  Li  some  instances 
this  pimple,  while  enlarging,  vesiculates  more  or  less  perfectly,  and  further 
changes  into  a  brown  crust,  underneath  which  an  ulcer  of  the  corium  is 
present.  But  the  duration,  general  character,  and  course  of  the  disease  in 
the  cow  are  not  the  same  in  all  these  eruptive  diseases  :  in  cow-pox  it  is 
of  one  kind,  in  the  Hendon  disease  of  another,  and  in  the  Edinburgh  disease 
of  a  different  kind.^     The  duration  of  the  different  stages,  the  nature  and 

'  A  further  eruptive  contagious  disease  in  the  cow  may  be  added,  which  was  produced 
artificially  by  the  writer  with  the  bacillus  diphtherise.     See  a  later  chapter. 
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aspect  of  the  ulcer  underneath  the  crust,  the  period  of  heahng,  and  the  general 
condition  of  the  cow,  are  different  in  these  several  diseases.  Inoculations 
with  matter  taken  from  one  kind  of  eruption  or  another  produce  different 
results  both  in  man  and  in  calves.  The  lymph  or  the  crust  of  real  cow-pox 
before  the  end  of  eight  days,  when  accidentally  inoculated  into  the  hand  of 
a  susceptible  milker,  gives  rise  to  typical  vaccinia,  i.e.  a  red  papule  on  the 
third  day,  a  well-marked  umbilicated  loculated  vesicle  with  dark  centre  and 
surrounded  by  an  areola  on  the  sixth  to  eighth  day,  and  a  pitted  white 
mark  after  the  sore  has  contracted  and  healed.  Lymph  or  crust  taken  from 
such  a  vesicle  during  the  sixth  to  the  eighth  day,  and  inoculated  into  calves 
or  susceptible  human  beings,  always  produces  true  and  typical  vaccinia.  If 
lymph  or  crusts  are  used  after  the  tenth  day,  an  accelerated  eruption  is  pro- 
duced :  the  pocking  and  redness  are  marked  as  early  as  the  second,  vesicula- 
tion  on  the  third  day,  purulent  change  very  soon  after  ;  the  crust  is  thin 
and  becomes  loose  by  the  end  of  the  week ;  the  corium  underneath  is  only 
slightly  infiltrated,  and  soon  heals  :  no  distinct  scar  is  noticed  several  weeks 
after. 

If  lymph  or  crust  be  used  from  the  eruption  on  the  milker's  hand,  which 
eruption  had  been  contracted  from  natural  cow-pox,  and  if  such  lymph  be 
retrovaccinated  on  calves,  the  result  is  typical  vaccinia  (Jenner,  Ceely).  The 
illustrations  given  in  the  Eeport  of  the  Medical  Officer  of  the  Local  Govern- 
ment Board  for  1889  show  such  a  result.  Calves  vaccinated  successfully, 
i.e.  in  which  the  process  takes  the  typical  course,  are  refractory  to  a  second 
or  revaccination. 

Two  other  eruptive  diseases  on  the  udder  and  teats  of  the  cow,  which  the 
writer  had  the  opportunity  of  investigating,  proved  themselves  to  be  different 
from  cow-pox,  though  veterinary  surgeons  and  others  were  and  still  are  inclined 
to  consider  them  all  as  '  cow-pox.'  One  of  these  was  a  contagious  malady  in 
cows  at  a  Hendon  farm.  It  was  proved  by  Mr.  Power  and  the  late  Dr. 
Cameron  that  the  milk  of  certain  cows  of  this  farm  had  produced  human  scarlet 
fever  in  the  north  of  London  about  the  end  of  1885  {see  a  further  chapter). 
These  cows  were  affected  with  an  eruptive  disease  on  the  teats  and  udder, 
which  though  offering  a  certain  resemblance  to  cow-pox  was,  nevertheless,  dis- 
tinctly different  from  it ;  the  similarity  consisted  in  the  fact  that  the  eruption 
appeared  on  the  teats  and  udder,  that  it  commenced  as  red  papules,  that 
it  showed  vesiculations,  and  that  these  dried  up  into  brown-black  crusts 
covering  the  sores  ;  but  here  the  resemblance  terminated.  The  difference 
was  manifested  by  the  conspicuously  more  rapid  course  of  the  eruption  than 
in  cow-pox,  by  the  greater  infiltration  of  the  corium  at  the  eruption,  by  the 
fact  that  unlike  cow-pox  the  eruption  was  not  communicated  to  the  milkers' 
hands,  and  by  the  important  visceral  lesions  that  the  Hendon  cows  suffered 
from  :  these  will  be  described  in  a  further  chapter.  Inoculations  with  matter 
from  the  eruption  into  calves  produced  in  them  results  which  were  also 
different  from  those  produced  in  calves  by  vaccination. 

A  second  eruptive  disease  in  cows  which  was  investigated  was  very  similar 
to  the  one  observed  at  the  Hendon  farm  ;  this  disease  affected  cows  in  Edin- 
burgh, the  milk  of  which  had  been  proved  to  have  produced  febrile  sore  throat 
in  the  consumers.  The  eruption  passed  through  a  more  rapid  course  than 
cow-pox,  was  not  communicated  to  the  hands  of  the  milkers,  produced  on 
inoculation  into  calves  a  disease  different  from  vaccinia,  and  was  also  asso- 
ciated with  definite  visceral  disease  in  the  cow.  This  will  be  more  fully 
described  in  the  chapter  on  Scarlet  Fever. 

Towards  the  end  of  1887  Dr.  Crookshank  described,  before  the  Pathological  Society, 
cases  of  eruptive  disease  on  cows'  udders  and  teats,  occurring  in  Wiltshire,  and  which 
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owing  to  the  fact  that  the  disease  was  communicable  to  the  milkers'  hands,  on  which 
it  had  produced  vesicles  resembling  vaccinia,  he  felt  convinced  to  be  the  '  true  Jennerian 
cow-pox.'  The  proof  which  he  then  adduced  as  to  the  Wiltshire  disease  being  true 
cow-pox  rested  on  the  facts  (1)  that  the  disease  communicated  to  the  milkers'  hands 
resembled  vaccinia  ;  (2)  that  calves  retrovaccinated  from  such  a  milker's  vesicle  developed 
at  the  insertion  '  typical  vaccinia  ;  '  (3)  that  these  calves  failed  on  revaccination  with 
true  vaccinia  ;  and  (4)  that  the  milkers  (at  the  Wiltshire  farm)  who  had  contracted  the 
eruption  from  the  cows  failed  afterwards  to  take  '  vaccinia.'  It  is  quite  possible,  or  indeed 
probable,  that  the  Wiltshire  cow  disease  was  true  cow-pox ;  but  neither  at  the  time  Dr. 
Crookshank  first  asserted  it  to  be  so,  nor  later  on,  did  he  furnish  satisfactory  or  sufficient 
evidence  for  it.  The  assertion  by  Dr.  Crookshank  that  the  calves  which  were  inoculated 
from  a  milker's  vesicle  did  really  develop  '  typical  vaccinia '  turned  out  afterwards  to  be 
unreliable,  since  out  of  four  of  such  calves  three,  on  subsequent  vaccination  with  real 
cow-pox  a  few  weeks  afterwards,  at  the  Government  Animal  Vaccine  Station,  took  typical 
vaccinia ;  a  result  which  could  not  occur  had  these  calves  really  had  vaccinia  previously. 
From  the  vesicles  '  produced  at  the  animal  vaccine  establishment  in  one  of  these  three 
animals  children  were  vaccinated  with  typical  results.-  After  the  success  of  this  second 
true  vaccination  of  the  calves  had  been  made  clear,  they  were  declared  by  Dr.  Crook- 
shank not  to  have  been  sufficiently  well  vaccinated  in  the  first  instance,  and  therefore 
were  not  protected  thereby  against  a  second  vaccination. 

It  must  be  obvious  that  evidence  adduced  by  Dr.  Crookshank  in  subheads  1,  2,  3  and  4 
is  not  direct  experimental  evidence,  and  cannot  therefore  be  considered  as  unassailable ; 
that  mentioned  in  subhead  3  was  the  only  direct  evidence  that  could  be  experimentally 
tested :  this  was  done,  and,  as  we  have  just  seen,  broke  down  completely. 

The  writer  is  inclined  to  think  that  the  Wiltshire  disease  was  probably  true  cow-pox  ; 
but  that  Dr.  Crookshank  in  inoculating  the  calves  from  the  milkers'  hands  failed  to  pro- 
duce in  them  this  disease. 

Jenner  from  his  own  and  previous  observations  has  shown  that  natural 
cow-pox  bears  a  definite  relation  to  human  variola  :  the  first  protects  against 
the  latter,  in  the  same  way  as  one  mild  attack  of  variola  protects  against 
a  second  virulent  attack,  or  as  in  some  other  infectious  diseases  one  mild 
attack  protects  against  a  second  attack  ;  all  protective  inoculations,  such  as 
in  anthrax,  charbon  symptomatique,  hydrophobia,  fowl  cholera,  &c,,  are  well 
founded  on  experiment,  and  often  practised  with  great  success.  The  facts 
observed  by  Jenner  and  Ceely,  confirmed  by  a  host  of  other  observers, 
well  qualified  to  judge  from  special  knowledge  and  a  hfe-long  experience, 
viz.  that  natural  cow-pox  protects  the  cow  from  a  second  vaccination;  that 
one  successful  vaccination  protects  the  calf  against  a  second  inoculation  ; 
that  persons  (milkers)  who  have  contracted  the  eruption  on  their  hands 
or  other  parts  from  handling  the  teats  of  cows  affected  with  the  natural 
cow-pox  become  insusceptible  to  small-pox  ;  and,  above  all,  the  fact  that 
persons  efficiently  vaccinated  and  revaccinated  from  the  calf  or  with 
humanised  vaccinia  are  protected  against  small-pox,  require  little  additional 
proof.  The  intimate  relation  that  has  thus  been  proved  to  exist  between 
cow-pox  and  human  small-pox  suggests  that  the  two  eruptions  are  two  forms 
of  the  same  disease,  the  former  in  its  natural  occurrence  as  natural  cow-pox 
being  the  small-pox  of  the  cow  and  of  a  mild  character  as  compared  with 
the  human  form,  which  is  more  virulent,  and  in  unprotected  or  in  insuf- 
ficiently protected  persons  generally  assumes  a  grave  character. 

The  great  similarity  in  the  pathology  of  the  two  eruptions  also  offers 
considerable  support  to  this.     Ceely  has  shown  by  direct  experiment  that  cow- 

'  The  companion  calf  was  reinoculated  with  humanised  vaccinia  by  Dr.  Crookshank. 
Eesult  doubtful.     It  failed  on  being  inoculated  afterwards  with  animal  vaccine  lymph. 

-  In  a  paper  published  by  Dr.  Crookshank  in  the  British  Medical  Journal,  July  1888, 
he  states  that  this  calf  had  practically  failed  on  reinoculation  at  the  Government  Animal 
Vaccine  Station.  This  statement  is  shown  to  be  incorrect  by  the  subsequent  successful 
vaccination  of  children  from  this  calf. 
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pox  is  really  small-pox  in  the  cow,  and  he  and  Badcock,  as  is  well  known, 
have  in  several  instances — the  latter  in  a  large  number  of  instances — succeeded 
in  producing  the  eruption  of  vaccinia  by  direct  inoculation  of  lymph  or  crusts 
taken  from  human  variola  into  the  skin  of  heifers.  The  lymph  of  the 
latter  was  then  used  for  producing  in  the  human  subject  typical  vaccinia,  which 
has  been  subsequently  propagated  as  vaccinia  for  many  generations  of  vaccini- 
fers.  Chauveau  in  his  experiments,  on  the  other  hand,  has  failed ;  he  main- 
tains that  he  produced  in  the  cow  a  papule,  but  the  matter  taken  from  such 
papule  produced  again  in  the  cow  only  papules  ;  in  the  human  being,  in 
some  instances,  it  produced  variola.  But  these  negative  experiments  do  not 
bring  us  nearer  the  decision  of  the  question,  any  more  than  negative  evidence 
ever  does. 

Voigt  has  also  succeeded  in  producing  vaccinia  in  the  calf  by  inoculation 
with  matter  taken  from  human  variola ;  and  as  was  the  case  in  Ceely's 
experiments,  here  also  the  positive  result  was  achieved  when,  simultaneously, 
vaccinia  was  inoculated  at  a  different  part  of  the  skin.  True,  the  objection 
raised  against  these  positive  results  as  to  an  accidental  introduction  of  vaccine 
matter,  when  only  variolous  matter  was  believed  to  have  been  used,  is  not  an 
unfair  one,  and  there  can  be,  on  scientific  principles,  no  fault  found  with 
those  who  decline  to  accept  it  as  conclusively  proved,  and  free  from  any  objec- 
tion. But  when  some  writers  go  so  far  as  to  say  that  because  Chauveau 
and  others  (the  writer  amongst  them)  have  failed  to  produce  vaccinia  in  the 
cow  by  inoculating  variolous  matter,  therefore  it  is  proved  that  the  two 
are  essentially  different  eruptions,  having  nothing  in  common  with  each 
other ;  to  these  we  are  quite  justified  in  saying,  in  opposition,  that  such 
a  conclusion  is  not  warranted,  nor  is  it  quite  in  harmony  with  the  facts. 
Any  number  of  failures  incurred  by  one  experimenter  do  not  disprove  the 
success  of  another,  even  if  obtained  in  a  single  instance,  any  more  than  any 
number  of  negatives  disprove  one  single  positive ;  all  that  the  failures  prove 
is  that  the  positive  result  is  difficult  of  achievement  and  that  the  conditions 
under  which  it  is  or  can  be  achieved  are  not  known,  but  depend  on  chance. 
In  the  writer's  report  on  inoculation  of  cows  with  variola  (Medical  Officer's 
Eeport  to  the  Local  Government  Board,  1878)  he  has  shown  that  by  such 
inoculation  of  the  cow  some  refractory  condition  against  vaccinia  is  obtained, 
so  that  from  this  it  must  be  concluded  that  a  correlation  between  the  two 
eruptions  did  exist. 

Quite  recently  Fischer  ('  Miinch.  med.  Woch.,'  1890,  No.  43)  has  succeeded 
in  producing  in  two  calves  an  eruption  by  inoculation  with  human  small-pox  ; 
the  lymph  of  the  eruption  of  these  calves  was  transmitted  through  a  series 
of  other  calves  ;  from  these  lymph  was  obtained  which,  inoculated  into  infants, 
produced  typical  vaccinia.  Two  other  experimenters  (Dr.  Simpson  and  Dr. 
King)  have  separately  and  independently,  in  India,  produced  vaccinia  in  the 
calf  by  inoculation  with  human  variola. 

ikficro&es.— Chauveau  was  the  first  to  show  by  carefully  arranged  diffusion- 
experiments,  that  the  active  principle  of  sheep-pox  and  of  vaccinia  is  particulate 
matter.  Coze  and  Feltz,  Hallier,  Ziirn,  Cohn,  Burdon  Sanderson  and 
others,  have  demonstrated  in  vaccine  lymph  the  presence  of  bacteria,  bacilli, 
and  micrococci.  The  writer  has  shown  the  presence  of  micrococci  in  sheep- 
pock  lymph,  and  in  the  lymphatics  of  the  corium  of  sheep -pocks ;  F.  Cohn,  and 
then  Weigert,  showed  the  presence  of  micrococci  in  the  lymph  and  lymphatics 
of  human  variola.  Only  comparatively  recently,  after  the  methods  of  cultivat- 
ing micro-organisms  had  been  perfected  by  Koch,  has  it  been  possible  to  isolate 
the  different  species  of  bacteria  occasionally  but  not  invariably  present  in 
variolous  and  vaccine  lymph.     Before  giving  the  results  of  these  cultivation 
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experiments  it  is  necessary  to  state  that  various  observers  have  found  torula- 
forms  in  the  variolous  lymph  (Hallier),  and  in  the  vaccine  (L.  Pfeiffer). 
These  torula-forms  are,  however,  admittedly  only  accidental  contaminations 
derived  from  the  air. 

Of  the  micrococcus  forms — accidental  and  occasional  inhabitants  of  lymph 
— that  have  been  cultivated  by  L.  Pfeiifer  are  various  sarcinte  :  sarcina  lutea 
sarcina  tetragonus,  sarcina  aurant.  and  muscopus.  Of  bacilli  there  have  been 
occasionally  found  in  calf  lymph,  seldom  in  lymph  of  children,  short  motile 
rods,  liquefying  gelatine,  and  most  probably  comparable  to  Hauser's  proteus 
vulgaris — the  common  putrefactive  bacillus.  Of  micrococci  there  are  two 
species  which,  both  in  clear  and  in  turbid  preserved  lymph  of  vaccine  and 
variola,  are  occasionally  met  with  ;  viz.  the  staphylococcus  pyogenes  aureus 
Hquescens  and  the  staphylococcus  cereus  albus  (non-liquescens).  P.  Guttmann, 
L.  Pfeiffer,  and  Garre  have  described  these  two  species  as  often  occurring 
in  preserved  lymph.  The  writer  has  devoted  considerable  attention  to 
the  culture  from  human  vaccine  lymph  of  micrococci,  and  he  finds  that  the 
lymph  of  a  considerable  percentage  of  tubes  examined  by  him,  lymph 
which  was  and  remained  perfectly  '  clear '  when  tested  by  cultivation  on 
gelatine,  agar,  sohd  blood  serum  or  broth,  was  found  to  be  free  from  any  of 
those  microbes  ;  no  growth  of  any  kind  appearing  in  the  tubes.  There  was 
also  a  percentage  of  tubes,  the  lymph  of  which  was  '  clear,'  but  on  culti- 
vation yielded  a  few  colonies  of  staphylococcus  cereus  albus.  In  the  case 
of  lymph  which  was  labelled  '  clear  lymph,'  no  staphylococcus  aureus  could 
be  demonstrated  by  cultivation ;  but  in  a  certain  percentage  of  tubes  dis- 
carded as  '  opaque  lymph  '  there  was  present,  sometimes  in  large  numbers^ 
the  staphylococcus  aureus  alone,  or  with  staphylococcus  cereus  albus ;  in 
some  cases  gelatine  tubes  or  agar  tubes  inoculated  with  a  trace  of  the 
lymph  yielded  innumerable  colonies  of  them,  particularly  of  the  staphylo- 
coccus aureus.  Cover-glass  specimens  of  some  opaque  lymph  revealed 
large  numbers  of  cocci,  single,  as  dumb-bells,  or  in  clumps.  In  a  small 
percentage  of  tubes  containing  opaque  lymph  the  number  of  micrococci 
present  was  small,  and  could  not  account  for  the  opacity ;  in  one 
case  of  opaque  human  lymph  the  writer  cultivated  a  streptococcus  in  pure 
culture.  Garre  had  already  met  with  streptococcus  pyogenes  in  the  lymph 
of  pemphigus  comphcating  variola ;  the  streptococcus  which  the  writer 
has  cultivated  in  the  above  case  of  opaque  lymph  was  certainly  not  strepto- 
coccus pyogenes ;  it  grew  much  more  slowly,  and  its  colonies  in  gelatine 
were  conspicuously  transparent  when  compared  with  those  of  streptococcus 
pyogenes. 

The  writer  had  the  opportunity  of  examining  the  lymph  of  a  child  in  which 
vaccinia  was  complicated  by  erysipelas,  such  lymph  having  produced  erysipelas 
in  two  infants  vaccinated  with  it.  From  this  lymph  the  streptococcus  of 
erysipelas  was  cultivated  without  difficulty.  Gelatine-plate  cultivations 
made  with  the  lymph  brought  forth  a  pure  culture  of  this  streptococcus 
in  innumerable  colonies.  So  far  as  can  be  seen  from  the  hterature  of  the 
subject,  this  is  the  first  time  that  the  streptococcus  of  erysipelas  has  been 
actually  demonstrated  in   lymph. 

Though  some  experimenters  assert  that  they  have  produced  true  vaccinia  on 
inoculation  of  calves  with  cultures  of  one  or  the  other  of  the  microbes,  it  will 
on  careful  examination  be  agreed  that  these  alleged  positive  results  are  not, 
and  cannot  be  accepted.  Competent  investigators  ('  Berlin.  Eeichsgesund- 
heitsamt,'  1881)  have  altogether  failed  to  produce  such  results.  The  matter 
then  stands  thus :  The  microbes  which  have  as  yet  been  cultivated  from 
lymph  (variola  or  vaccinia)  outside  the  animal  body,  freed  of  all  accidentally 
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adhering  animal  matter,  have  not  the  power  to  reproduce  the  disease  oa 
inoculation  into  a  suitable  animal.  After  the  numerous  failures  to  cultivate 
on  the  usual  media — gelatine,  agar,  solid  blood  serum,  broth — any  of  the 
above  bacterial  forms  from  samples  of  *  clear '  and  very  good  and  active 
vaccine,  the  writer  is  in  full  agreement  with  those  negative  assertions,  and 
is  prepared  to  say  that  the  microbes  hitherto  demonstrated  as  being  present 
occasionally  in  clear  and  particularly  in  turbid  vaccine  lymph  have  nothing 
directly  to  do  with  the  contagium  of  vaccinia  or  variola.  Moreover,  the 
presence  of  some  of  them,  particularly  the  staphylococcus  aureus  when 
abundant,  as  in  some  cases  of  turbid  lymph,  or  that  of  the  streptococcus  of 
erysipelas,  in  vaccino-erysipelas,  forms  a  serious,  preventable,  and  objection- 
able admixture. 

L.  Pfeiffer  (' Correspondenzblatt  d.  allg.  arztl.  Intell.,'  340;  Thiiringen, 
1887)  describes  in  the  epithelium  of  the  pock  of  man  and  animals,  a  para- 
site belonging  to  the  coccidia  (sporozoa,  Leuckart).  This  parasite  is  said  to 
live  and  grow  in  the  epithelial  cells,  and  ultimately  to  form  spores,  in  size 
not  larger  than  micrococci.  But  nothing  definite  is  as  yet  known  about 
these  alleged  sporozoa,  called  by  Pfeiffer  '  monocystis  epithelialis  ;  '  moreover, 
it  seems  that  these  alleged  coccidia  of  Pfeiffer  are  due  to  pathological 
(dropsical)  changes  of  the  nuclei  or  the  substance  of  the  epithelial  cells  of 
the  pock,  which  changes  appear  traceable  through  all  intermediate  stages 
from  normal  nuclei  and  the  normal  protoplasm,  and  that  therefore  Pf(;:ffer's 
interpretation  of  these  changes  as  coccidia  is  not  justified. 

SCAELET    FeVEE 

In  this  acute  infectious  disease  the  skin,  the  organs  of  the  throat,  and  the- 
kidney  are  the  chief  tissues  implicated,  (a)  The  eruption  of  the  skin  shows 
the  following  characters  :  hyperemia  and  inflammatory  oedema  of  the  super- 
ficial layers  of  the  corium  ;  the  epidermis  (rete  Malpighii)  is  thickened,  due 
to  an  active  multiplication  of  its  cells,  and  the  same  holds  good  also  for  the 
hair  folhcles.  Owing  to  the  continued  multiplication  of  the  cells  of  the  rete 
Malpighii  also  the  stratum  lucidum  increases  in  thickness,  and  the  subsequent 
extensive  desquamation  of  the  stratum  corneum  and  stratum  lucidum  are 
due  to  the  continued  reproduction  of  the  cells  of  the  rete  Malpighii. 

(6)  The  kidney.  In  the  early  stages  of  the  disease  there  occurs  fibrous- 
and  hyaline  degeneration  of  minute  arteries  and  Malpighian  tufts  of  the 
cortex ;  the  nuclei  of  the  epithelium  covering  the  tuft  and  Hning  the 
Malpighian  capsules  are  increased  (glomerulo-nephritis) ;  the  epithelial  cells 
lining  some  of  the  convoluted  uriniferous  tubules  are  swollen,  granular,  and 
opaque — parenchymatous  nephritis.  In  some  cases  after  only  two  days,  in- 
most, however,  at  later  stages,  there  occurs  interstitial  nephritis,  consisting 
in  the  aggregation  of  round  cells  (leucocytes)  in  the  connective  tissue  around 
the  arterioles  and  Malpighian  corpuscles  of  the  cortex ;  numerous  such  micro- 
scopic round-cell  aggregations  are  to  be  found  in  the  cortex,  in  some  severe 
cases  even  involving  large  portions  of  the  cortex.  In  such  cases  one  or  the 
other  arterial  branch  is  found  blocked,  and  around  it  the  tissue  of  the  kidney,, 
like  a  wedge-shaped  infarct,  is  densely  infiltrated  with  round  cells,  the  urini- 
ferous tubules  with  their  epithehum  in  such  parts  being  in  a  state  of  granular- 
degeneration.  In  the  organs  of  the  throat  in  the  typical  cases,  where  there 
is  ulceration  of  the  fauces,  the  mucous  membrane  is  found  intensely  inflamed, 
and  showing  the  usual  anatomical  characters  of  hypersemia,  exudation  of 
lymph  and  round  cells,  and  finally  loss  of  the  epithelium  and  the  papillary 
layer  of  the  mucosa,  i.e.  the  formation  of  an  ulcer. 
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But  in  all  cases  that  are  subjects  of  a  post-mortem  examination,  the 
spleen,  liver,  intestines,  salivary  glands,  and  pancreas,  show  more  or  less 
pronounced  inflammatory  changes. 

Scarlet  fever,  as  is  well  known,  is  a  highly  contagious  disease,  the  con- 
tagion occurring  in  all  stages  of  the  disease.  There  exists,  however,  a 
diversity  of  opinion  amongst  sanitarians  as  to  which  is  the  most  infective 
stage  ;  while  some  maintain  that  contagion  occurs  in  the  later  stages — during 
desquamation — others  consider  the  desquamative  stage  of  less  importance 
in  this  respect  than  the  earlier  phases,  i.e.  the  acute  throat  illness.  That 
infection  does  take  place  in  some  cases  dming  the  desquamative  stage,  is 
well  ascertained  by  the  experience  of  many  who  have  studied  the  subject, 
but  it  has  yet  to  be  proved  that  the  contagion  is  as  frequent  in  the  later 
as  it  is  in  the  earlier  or  throat  stages. 

Numerous  epidemic  outbreaks  of  scarlet  fever  are  now  known  in  which  milk 
was  the  vehicle  of  the  contagium.  Up  to  1881,  a  number  of  such  epidemics 
have  been  described  by  Ballard,  Buchanan,  Jacob,  Eobertson,  Darbishire,  and 
many  others  ;  they  have  been  carefully  tabulated  by  Mr.  Ernest  Hart  in  the 
*  Transactions  of  the  International  Medical  Congress  for  1881,'  and  we  need 
not  further  enter  into  them.^  These  milk  epidemics  are  nowadays  so  easily 
recognised  since  the  classical  investigations  of  Ballard  and  Buchanan,  that 
there  is  hardly  a  health  officer  in  this  country  who  has  not  had  the  opportunity, 
even  during  comparatively  few  years  of  his  activity,  to  himself  investigate,  or 
become  acquainted  with  such  an  epidemic.  Whenever  and  wherever  in  any 
given  locality  a  number  of  cases  of  scarlet  fever  occur  simultaneously  in 
different  and  distant  households,  having  no  intercommunication  with  one 
another— school,  church,  visitors — the  first  means  of  the  spread  of  the 
contagium  thought  of  is  milk,  and  in  all  such  epidemics  on  further  inquiry 
it  is  found  that  milk  (or  cream)  was  actually  the  vehicle  of  the  contagium. 
Secondary  infection,  i.e.  cases  which  occur  later  and  are  due  to  direct  con- 
tagion, are  of  course  excluded. 

Now,  until  1882  all  such  milk  epidemics  were  assumed  to  be  due  to 
infection  of  a  particular  milk  supply  from  human  scarlatina ;  it  was  assumed 
that  either  in  the  house  of  the  milkman  or  the  milkdealer,  or  at  one  or  the 
other  stations  of  the  milk  on  its  passage  to  the  consumer,  the  contagium, 
derived  from  a  human  case  of  scarlet  fever,  was  added  to  it.  As  a  matter  of 
fact,  in  the  above-named  tabulated  account  of  milk  scarlatina  ('  Transactions 
of  the  International  Medical  Congress  for  1881,'  vol.  iv.)  several  epidemics 
are  mentioned  in  which  this  mode  of  milk  infection  from  a  human  source 
was  clearly  demonstrated.  As  an  illustration  may  be  mentioned  the  outbreak 
investigated  by  Dr.  Eobertson,  of  Keswick,  in  which  the  contagium  had  found 
access  to  the  milk  of  a  dairy  closely  adjoining  a  house  where  scarlet  fever 
had  existed  for  several  weeks.  The  cows  were  milked,  every  night  and 
morning,  into  an  open  tin  can,  which  was  carried  across  an  open  yard,  past 
the  affected  house.  The  children  who  first  caught  scarlet  fever  in  the  locality 
played  about  the  yard  while  in  a  state  of  desquamation.  Subsequently,  on 
a  particular  day  a  general  epidemic  of  scarlet  fever  broke  out  in  the  town, 
between  thirty  and  forty  famihes  being  invaded.  All  those  suffering  from 
the  disease  received  their  milk  supply  from  this  particular  dairy.  Some 
member  of  every  family  supplied  had  on  this  day  either  a  scarlatinal  sore 
throat  or  scarlet  fever.  Other  families  supphed  from  a  different  source 
escaped  the  disease.   A  lodger  had  the  milk  raw  for  supper  and  was  attacked. 

'  It  is  really  curious  to  find  how  little  such  milk- scarlatina  epidemics  are  known  on 
the  Continent  and,  as  a  matter  of  course,  how  sceptical  Continental  sanitarians  are  as 
to  a  question  so  well  understood  in  this  country. 
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His  landlady  boiled  her  milk  the  same  night  and  escaped.  We  must  here 
observe  that  a  large  number  of  cases  of  scarlatina  occurring  on  the  same 
day,  the  inference  from  this  fact  is  that  on  a  previous  day,  when  the  children 
who  were  peeling  from  recent  scarlet  fever  were  playing  in  the  yard,  they 
conveyed  the  infection  to  the  milk  which  was  in  their  neighbourhood. 

But  epidemics  of  milk  scarlatina  have  become  known  in  which  such  a 
mode  of  infection,  viz.  from  a  human  source,  can  most  probably  be  excluded. 
As  an  illustration  of  this  category  of  milk  scarlatina  may  be  mentioned  the 
outbreak  of  scarlet  fever  in  Oxford  in  the  spring  of  1882,  recorded  by  Dr. 
Darbishire,  in  the  '  St.  Bartholomew's  Hospital  Eeports,'  vol.  xx.  The  sub- 
stance of  Dr.  Darbishire's  report  is  this : — Three  cows  were  kept  by  those  who 
sold  the  milk,  and  nine  houses,  containing  eighty-five  persons  in  all,  were  sup- 
plied morning  and  evening ;  the  milk  was  never  stored,  as  there  was  generally 
barely  enough  at  each  milking  for  all  the  customers.  In  the  house  to  which 
the  cows  and  paddock  belonged  there  was  a  case  of  diphtheria  in  a  young 
lady  ;  she  was  removed  to  the  infirmary  on  March  1.  The  cowman  had  a 
child  ill  with  scarlet  fever  in  his  cottage  from  February  27  till  March  3.  On 
March  3  Dr.  Darbishire  had  this  child  removed  to  the  hospital  and  the  cow- 
man's cottage  thoroughly  disinfected  ;  the  cowman  left  his  cottage  to  sleep 
in  lodgings  near,  the  care  of  the  cows  having  been  handed  over  to  another 
man,  engaged  for  that  purpose.  Now,  if  the  milk  had  become  infected  from 
either  of  these  two  cases  (one  diphtheria  and  the  other  scarlet  fever),  this 
must  have  occurred  for  the  first  before  March  1,  for  the  other  before  March  3  ; 
and  as  the  period  of  incubation  of  scarlet  fever  is  known  to  be,  as  a  rule,  less 
than  seven  days,  it  follows  that  March  3  being  the  last  day  on  which  the 
milk  could  have  received  the  contagium  from  a  human  being,  March  10 
would  be  the  last  day  on  which  scarlet  fever  could  have  been  produced  by 
that  milk,  and  the  majority  of  cases  of  scarlet  fever  would  have  occurred 
before  that  day,  as  one  cannot  assume  that  in  all  these  cases  the  period  of 
incubation  would  be  protracted  to  such  length  as  seven  days.  But  mark  what 
really  did  happen.  Dr.  Darbishire  states  that  no  case  occurred  till  March  10, 
on  which  day  two  cases  of  sore  throat  and  one  case  of  scarlet  fever  occurred ; 
on  March  11,  one  case  of  sore  throat ;  on  March  12,  two  cases  of  sore  throat 
and  one  of  scarlet  fever  ;  on  March  13,  four  cases  of  sore  throat  and  two  of 
scarlet  fever ;  on  March  15,  one  case  of  sore  throat  and  one  of  scarlet  fever ; 
on  March  16,  two  cases  of  sore  throat  and  one  of  diphtheria ;  on  March  17, 
one  case  of  sore  throat ;  on  March  18,  one  case  of  sore  throat.  Now,  all 
these  cases  were  proved  by  Dr.  Darbishire  to  have  been  caused  by  that  milk. 
There  occurred  subsequently  other  cases,  but  these  were  shown  to  have  been 
due  to  secondary  infection  from  person  to  person.  This  is  a  good  illustration 
of  a  milk  epidemic  in  which  the  milk  most  probably  was  not  fouled  by  human 
agency  ;  and  there  are  other  milk  epidemics  which  on  analysis  of  dates  lead 
to  the  same  conclusion. 

Then  a  third  group  of  milk  scarlatinas  is  known,  in  which  infection  from 
a  human  source  could  be  definitely  excluded  ;  as  an  illustration  of  this 
Mr.  Power's  report  in  1882  on  an  epidemic  outbreak  of  scarlet  fever  in 
St.  Giles  and  St.  Pancras  may  serve.  '  The  disease  was  distributed  with 
a  milk  service  derived  from  a  Surrey  farm.  In  this  case  two  facts  could  be 
affirmed  :  the  one  that  a  cow  recently  come  into  milk  at  this  farm  had 
been  suffering  from  some  ailment,  seemingly  from  the  time  of  her  calving, 
of  which  loss  of  hair  in  patches  was  the  most  conspicuous  manifestation  ; 
the  other  that  there  existed  no  discoverable  means  by  which  the  milk  which 
had  coincided  with  scarlatina  in  its  distribution  could  have  received  infec- 
tive quality  from  the  human  subject.' 
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The  Medical  Department  of  the  Local  Government  Board  has  from  these 
facts  drawn  the  conclusion  that  distrust  must  he  placed  on  the  universally 
accepted  explanation  that  milk  receives  infective  properties  directly  by  human 
agencies,'  and  further  that  '  the  question  of  risk  from  specific  fouling  of  milk 
by  particular  cows  suffering,  whether  recognised  or  not,  from  specific  disease 
was  seen  to  be  arising.'  This  view  received  striking  confirmation  and  proof 
by  a  report  of  an  outbreak  of  scarlet  fever  that  occurred  at  the  end  of  1885 
and  the  beginning  of  1886  in  the  north  of  London,  acd  was  investigated 
by  Mr.  Power.  His  report  is  pubhshed  in  extenso  in  the  Report  of  the  Medical 
Officer  of  the  Local  Government  Board  for  1886  ;  and  we  will  here  give  the 
substance  of  it.  Mr.  AVynter  Blyth,  Medical  Officer  of  Health  for  Marylebone, 
had  in  December  1885  observed  a  sudden  outbreak  of  scarlatina  in  his  district 
to  be  associated  with  the  distribution  of  milk  coming  from  a  farm  at  Hendon, 
and  had  found  reason  for  behevitig  that  the  disease  had  prevailed  exclusively 
among  customers  furnished  with  milk  from  that  source.  Mr.  Power,  on  a 
more  extended  inquiry,  found  that  a  similar  prevalence  of  scarlatina  had 
occurred  about  the  same  time  in  other  parishes  in  and  near  the  metropoHs 
which  were  furnished  with  milk  from  the  same  farm.  After  careful  inquiry 
Mr.  Power  could  with  certainty  exclude  any  contamination  of  the  milk  from 
a  human  source,  and  say  that  nothing  of  the  kind  known  as '  sanitary  '  condi- 
tions could  have  had  any  concern  with  the  infectivity  of  the  milk.  Mr. 
Power  showed  conclusively  that  only  certain  sections  of  the  milk  supphes  of 
this  farm,  and  finally  only  certain  cows  from  which  these  sections  of  milk 
were  derived,  had  any  relation  to  the  observed  results.  '  In  the  end,'  says  the 
Medical  Officer,  '  he  has  demonstrated,  beyond  reasonable  doubt,  the  depen- 
dence of  the  milk  scarlatina,  occurring  from  day  to  day  during  December,  on 
a  diseased  condition  of  certain  milch  cows  at  the  farm,  a  condition  first 
introduced  there  in  the  previous  month  by  some  animals  newly  arrived  from 
Derbyshire  ;  and  he  finds  strong  circumstantial  evidence  for  beheving  that 
the  latter  phenomena  of  this  dependence  were  brought  about  through  the 
extension  of  the  diseased  condition  of  one  set  of  animals  to  another  set,  after 
the  fashion  of  an  infection.'  Now,  this  disease  as  it  presented  itself  in  some 
of  these  Hendon  cows  consisted  in  the  presence  of  sores  and  scm'finess  in 
different  parts  of  the  skin,  with  loss  of  han  in  patches,  an  eruption  leading 
to  the  formation  of  a  sore  covered  with  dark  brown  scab  or  crust  on  the 
udder  and  teats,  and  a  visceral  disease,  notably  of  the  lungs,  liver,  kidney, 
and  spleen,  which,  although  milder  in  character,  very  much  resembled  the 
visceral  lesions  occurring  in  cases  of  human  scarlet  fever.  By  experiment 
it  was  shown  that  the  matter  of  the  eruption  of  the  udder  is  possessed  of 
infective  power,  inasmuch  as  on  inoculation  into  the  skin  of  calves  the  same 
eruption  is  reproduced. 

The  microscopic  examination  of  fine  sections  through  the  eruption  of  the 
cow  shows  the  following  conditions  : — 

The  corium  throughout  the  whole  extent  of  the  eruption  is  infiltrated  with 
round  cells.  This  infiltration,  though  densest  in  the  central  portions  of  the 
ulcer,  is  sufficiently  pronounced  even  in  the  peripheral  parts,  but  it  gradually 
fades  away  on  passing  from  the  ulcer  to  the  normal  skin.  The  infiltration 
in  the  deeper  parts  of  the  corium  is  limited  to  the  vascular  branches,  but  in 
the  superficial  parts  is  more  diffuse,  the  papillas  becoming  at  the  same  tune 
thicker.  This  thickening  of  the  papillse  fades  off  towards  the  periphery  of 
the  ulcer.  The  most  noteworthy  changes  are,  however,  present  in  the 
epithelium.  Li  the  peripheral  portions  of  the  diseased  part  there  are  present 
in  the  superficial  layers  of  the  stratum  Malpighii  close  to  the  stratum  lucidum, 
as  also  in  the  stratum  lucidum  itself,  numerous  cavities  of  different  sizes» 
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These  cavities  lie  closely  side  by  side  ;  the  most  superficial  ones  are  either 
covered  by  the  stratum  lucidum,  or  extend  between  the  layers  of  this  stratum. 
The  former  cavities  descend  into  the  depth  of  the  epithelium  ;  at  the  very 
margin  of  the  diseased  part  they  are  smallest,  and  they  do  not  in  depth  com- 
prise more  than  the  superficial  third  of  the  stratum  Malpighii.  They  gradually 
enlarge  in  depth  as  we  pass  from  the  periphery  of  the  ulcer  towards  its 
centre ;  at  its  very  centre  they  involve  the  whole  thickness  of  the  stratum 
Malpighii.  At  the  same  time  it  is  to  be  noticed  that,  at  the  marginal  parts, 
the  cavities,  although  closely  placed  side  by  side,  are  well  separated  from  one 
another  by  thicker  or  thinner  trabecul^e  composed  of  epithehum  ;  while  at  or 
near  the  centre  of  the  ulcer  these  trabeculaB  get  destroyed,  and  the  cavities 
become  confluent,  and  the  covering  layers  of  the  cuticle  having  here  also 
given  way,  their  contents  extend  on  to  the  free  surface  of  the  ulcer.  These 
contents,  which  go  to  form  what  has  been  above  mentioned  as  the  crust, 
thus  gradually  spread  over  the  surface,  not  only  of  the  centre,  where  the 
stratum  lucidum  has  become  lost,  but  also  over  the  rest  of  the  ulcer.  In  the 
marginal  portions,  i.e.  where  the  superficial  layers  of  the  cuticle  are  still 
present  as  cover  of  the  above  cavities,  this  layer  (i.e.  the  stratum  lucidum) 
separates  the  contents  of  the  cavities  from  the  crust.  The  contents  of  these 
cavities  consist  {a)  of  an  albuminous  fluid,  looking,  in  hardened  sections,  uni- 
formly granular,  or  containing  also  fibrinous  threads  ;  (&)  of  a  few  red  blood- 
corpuscles  ;  and  (c)  chiefly  of  round  cells  or  pus  cells,  the  nuclei  of  which, 
near  to,  and  on  the  surface,  gradually  break  up  into  amorphous  granular 
matter. 

In  the  central  parts  of  the  ulcer  the  whole  exudation  undergoes  degene- 
ration into  debris,  not  only  in  its  superficial,  but  also  in  its  deeper  por- 
tions. While  some  cavities  contain  very  few  cells,  and  are  filled  chiefly  with 
albuminous  fluid  (granular  or  fibrinous),  others  are  almost  entirely  filled 
with  pus  cells  closely  packed  together.  In  the  papilla  near  the  cavities  the 
blood-vessels  are  engorged  and  there  is  also  escape  of  red  blood  discs. 

On  a  careful  examination  it  is  evident  that  the  origin  of  these  cavities  is 
in  enlargement  of  and  exudation  into  the  tissue  of  the  papillge,  but  only  of 
those  portions  nearest  to  the  stratum  lucidum,  and  hence  arises  the  formation 
of  cavities  in  the  cuticle.  The  whole  anatomical  details  of  the  distribution  and 
arrangement  of  these  cavities  vividly  recall  the  conditions  observed  in  the 
vesicles  of  cow-pock  and  of  sheep-pock,  and  on  comparing  under  a  low 
power  of  the  microscope  a  section  through  a  sheep-pock  with  a  section 
through  the  eruption  of  the  cow  now  under  consideration,  the  similarity  is 
very  striking  indeed. 

There  are,  however,  anatomical  differences  between  the  two  diseases. 
The  infiltration  of  the  corium  is  shghter  in  the  cow  eruption  than  in  the 
sheep-pock,  and  in  the  cow-ulcer  the  cavities  are  situated  in  a  more  super- 
ficial stratum  of  the  epidermis. 

There  is  in  the  disease  we  are  now  considering  a  good  deal  of  infiltration 
of  the  epithelium  by  round  cells  derived  from  the  cavities,  not  only  into  the 
stratum  Malpighii,  but  also,  and  particularly  in  the  marginal  parts,  into  the 
cuticle  ;  the  round  cells  burrowing  in  great  numbers  between  the  scales  of 
this  stratum,  and  ultimately  reaching  the  free  surface  to  join  those  of  the 
crust. 

Fine  sections  made  through  the  ulcer  artificially  induced  by  inoculation 
in  the  ear  of  a  calf  proved  its  complete  identity  in  anatomical  respects  with 
the  ulcer  in  the  cow.  The  infiltration  of  the  superficial  corium  ;  the  forma- 
tion of  cavities,  filled  with  exudation  cells  and  fluid,  in  the  superficial  layers 
of  the  epithehum,  and  particularly  between  the  layers  of  the  cuticle  ;  the 
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final  destruction,  in  the  centre  of  the  eruption,  of  the  covering  cuticle  ;  and 
the  extension  of  the  exudation  over  the  free  surface  to  fortn  the  crust,  are 
the  sarne  in  both  instances. 

The  microscopic  examination  of  the  internal  organs  reveals  facts  as 
follows  : — 

hi  the  Lung. — Sections  made  through  portions  containing  much  congested 
lobules  show  not  only  great  congestion  of  the  blood-vessels,  large  and  small, 
but  a  large  amount  of  hemorrhage,  blood  in  substance  being  present  in  the 
air  vesicles  and  infundibula,  in  the  lymph  spaces  of  the  interlobular  septa, 
and  in  the  tissue  and  lymphatics  of  the  pleura.  In  the  latter  membrane 
numerous  diplococci  are  to  be  met  with.  Here  and  there  the  same  diplococci 
occur  in  the  alveolar  wall  and  in  the  tissue  of  the  interlobular  septa. 

Sections  through  the  liver  show  a  great  deal  of  change.  Under  the 
capsule,  as  well  as  in  the  substance  of  the  liver,  there  occur,  in  connection 
with  the  interlobular  branches  of  the  portal  vein,  larger  and  smaller  foci  of 
inflammation,  consisting  in  the  presence  of  numerous  round  cells.  Some  of 
these  foci  are  several  millimetres  in  diameter,  others  are  much  smaller.  From 
the  interlobular  tissue  the  inflammation  extends  into  the  lobules  between  the 
hver  cells.  The  hver  cells  of  these  lobules  involved  in  the  inflammatory 
process  are  swollen  up,  and  many  of  them  are  undergoing  disintegration.  In- 
some  of  these  foci,  particularly  those  situated  in  the  vicinity  of  the  capsule, 
the  round  cells  are  so  much  crowded  that  given  foci  look  almost  hke  miliary 
abcesses.     The  blood-vessels  are  much  distended  and  filled  with  blood. 

Numerous  diplococci  and  short  coccus-chains  occur  in  the  parts  surround- 
ing the  inflammatory  foci.  These  are  particularly  numerous  near  the  capsule 
in  the  vicinity  of  inflamed  parts. 

Sections  through  the  kidney  show  well-marked  glomerulo-nephritis ;  in- 
filtration of  the  sheath  of  the  cortical  arterioles  with  numerous  round  cells  ; 
the  epithelium  of  the  convoluted  tubules  swollen,  opaque,  and  in  many  places 
disintegrating. 

Since  this  Hendon  outbreak  of  ulcerative  disease  on  the  teats  and  udder 
of  milch  cows,  connecting  the  milk  with  the  outbreak  of  human  scarlatina, 
several  such  outbreaks  have  become  known  and  investigated :  one  was  described 
by  Dr.  Eussell,  Health  Officer  in  Glasgow,  who  traced  the  infected  milk  to  cows 
which  were  affected  with  an  ulcerative  disease  of  the  skin  of  the  teats  and  udder ; 
and  the  writer  has  become  acquainted  with  one  in  the  Camberwell  district, 
London,  where  the  scarlet  fever  was  traced  to  milk  coming  from  a  particular 
dairy,  in  which  at  least  one  cow,  at  the  time  of  the  investigation  (May  1888), 
was  affected  with  sores  on  the  teats.  Calves  were  inoculated  with  matter 
(scrapings  and  scab)  of  such  a  sore,  and  it  was  conclusively  proved  that  we 
had  to  deal  with  a  contagious  disease  communicable  to  the  skin  of  the  calves, 
and  leading  on  inoculation  to  the  formation  of  ulcers  of  exactly  the  same 
kind  as  were  produced  in  calves  (in  1886)  inoculated  with  matter  from  the 
sores  of  the  Hendon  cows.' 

Now,  the  Agricultural  Department  of  the  Privy  Council  had  in  1887  and 
1888  taken  an  immense  amount  of  trouble  in  the  matter  and  came  to  the 
conclusion  that  the  contention  of  the  Medical  Department  of  the  Local 
Government   Board,  as   to   a   direct   connection  existing  between  eruptive 

'  An  extensive  outbreak  of  scarlatina  occurred  simultaneously  in  several  districts  of  the 
south  of  London  between  March  28  and  the  first  week  of  April,  1892 ;  all  the  cases  of 
this  outbreak  were  conclusively  traced  to  milk  coming  from  one  particular  dairy  farm, 
A,  at  New  Cross.  As  a  most  instructive  natural  experiment  performed  during  this 
outbreak  the  following  may  be  mentioned : — A  milkman  about  Chislehurst,  in  whose 
district  no  cases  of  scarlet  fever  had  occurred  previous  to  March  28,  had  on  that  day 
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disease  of  the  cow  and  human  scarlatina,  was  not  correct ;  that  there 
exist  contagious  eruptive  diseases  of  the  cow  which  are  not  connected  with 
scarlet  fever  in  man  ;  and  on  these  grounds  they  formulated  a  direct  negative 
to  the  contention  of  the  Medical  Department  of  the  Local  Government 
Board.  Various  deputies  of  the  Agricultural  Department  found  outbreaks 
of  eruptive  disease  of  the  teats  and  udders  of  cows  hi  various  parts  of  the 
country,  which  disease,  through  the  milk  of  those  cows,  had  not  given 
rise  to  scarlet  fever ;  this  disease  was  maintained  by  them  to  be  identical 
with  the  Hendon  disease,  which  had  been  connected  with  human  scar- 
latina, although  they  had  no  direct  knowledge  of  the  Hendon  disease, 
and  judged  merely  by  the  fact  that  in  the  Hendon  disease  there  was 
ulceration  on  the  teats  and  udder.  Dr.  Crookshank  made  very  definite 
assertions  in  this  matter.  The  Wiltshire  disease,  which  Crookshank  main- 
tained to  be  the  true  Jennerian  cow-pox,  was  an  eruptive  disease  that  served 
the  Agricultural  Department  as  model  for  almost  every  eruptive  disease  of 
the  cow,  but  forgetting  at  the  same  time  that,  though  all  eruptive  diseases 
on  the  teats  and  udder  of  the  cow  may  be  similar  in  some,  they  are  never- 
theless dissimilar  in  other  respects,  and  forgetting  that  it  is  not  in  the  points 
in  which  they  are  similar,  but  in  those  in  which  they  are  dissimilar,  that  a 
differentiation  amongst  them  is  possible. 

All  the  eruptive  diseases  on  the  cow's  udder  have  this  in  common 
amongst  themselves,  that  the  eruption  commences  as  a  papule  on  an  injected 
skin ;  that  this  papule  while  enlarging  changes  into,  now  a  distinct,  now  a 
less  distinct  vesicle  ;  that  this  vesicle,  when  formed,  contains  lymph  which  is 
at  first  clear  and  then  becomes  purulent ;  further,  that  the  eruption  becomes 
covered  with  a  dark  crust  underneath  which  is  a  sore  of  the  cutis  ;  the  crust 
thickens  and  ultimately  becomes  loose  and  falls  off,  the  sore  becoming  dry, 
contracting,  and  healing.  As  said  just  now,  all  eruptive  diseases  in  the  cow 
have,  speaking  roughly,  those  points  in  common,  and  in  Jenner's  time  and 
afterwards  were  all  grouped  into  two  great  classes,  viz.  true  and  false 
cow-pox ;  and  even  to  the  present  time  dairymen,  farmers,  and  veterinary 
surgeons  in  this  country  know  only  of  true  and  false  cow-pox. 

The  Agricultural  Department  declared  that  all  contagious  eruptions  of  the 
teats  and  udder  in  recent  years  were  cow-pox,  pure  and  simple,  and  therefore 
that  the  Hendon  disease  described  by  us  was  cow-pox,  the  same  as  the  Wilt- 
shire disease.  When,  however,  the  different  eruptions  are  more  carefully 
studied,  it  is  found  that  they  differ :  [a]  in  the  progress  and  duration  of  the 
eruption ;  (b)  in  the  nature  of  the  infiltration  of  the  corium ;  (c)  in  the 
rapidity  with  which  they  heal ;  (d)  in  the  results  of  inoculation  into  calves  ; 
(e)  in  the  question  whether  transferable  to  the  hand  of  the  milker  or  not ; 
and  (/)  lastly,  but  not  least,  as  to  whether  the  disease  is  simply  a  local 
disease,  or  whether  it  is  associated  with  constitutional  and  visceral  malady^ 
Now,  the  Wiltshire  cow  eruption  was  possibly,  one  might  even  say  proba- 
bly, cow-pox,  but  the  Hendon  disease  was  certainly  not ;  here  the  eruption 
ran  a  much  shorter  course,  the  infiltration  of  the  corium  was  more  pro- 
added  to  his  usual  milk  supply,  owing  to  this  being  shorter  than  usual,  a  certain  amount  of 
milk  from  the  dairy  A  of  New  Cross.  A  few  days  after  (evenings  of  March  29  and  30) 
numerous  cases  of  scarlet  fever  occurred  almost  simultaneously  amongst  the  families  in 
Chislehurst  and  Bexley  supplied  with  this  mixed  milk.  Now,  in  this  dairy  farm  A  at 
New  Cross,  fouling  of  the  milk  from  a  human  source  could  with  certainty  be  excluded ; 
but  a  few  days  previous  to  the  outbreak  of  scarlatina  one  cow  had  been  ill :  it  was  quiet, 
off  food,  coughed,  its  milk  was  ropy,  and  when  seen  about  April  6  had  two  sores  on  the 
udder,  covered  with  brown  crusts  ;  the  sores  were  contracting  and  in  a  state  of  healing. 
Four  other  cows  milked  by  the  same  hand  had  also  sores  covered  with  scabs  on  their 
udders. 
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nounced,  the  duration  of  the  crust  stage  was  considerably  shorter,  and  the 
healing  proceeded  much  more  rapidly.  The  result  of  inoculation  of  calves 
was  also  different :  the  disease  was  not  communicated  to  the  milker's  hands, 
and,  as  was  shown  above,  there  was  distinct  disease  of  the  viscera. 

The  writer  has  shown  that  in  the  ulcers  of  the  Hendon  cows,  and  in  the 
diseased  portion  of  the  viscera  of  these  cows,  there  occurs  a  streptococcus 
that  occurs  also  in  human  scarlatina  (in  the  skin,  in  the  blood),  and  which 
was  called  the  streptococcus  scarlatina.  This  streptococcus  in  culture  and  in 
morphological  respects  resembles  other  streptococci,  amongst  them  the  strep- 
tococcus pyogenes ;  but  notwithstanding  the  numerous  assertions  to  the 
contrary — that  all  or  most  streptococci  are  streptococcus  pyogenes — our 
streptococcus  scarlatinse  is  by  careful  study  capable  of  being  distinguished 
from  the  streptococcus  pyogenes.  Experiments  by  feeding  or  inoculation 
made  on  calves  and  mice,  made  with  the  streptococcus  scarlatinse  derived 
from  the  sores  of  the  Hendon  cows  or  of  human  scarlatina,  produced  definite 
general  infection,  and  from  such  animals  the  microbe  was  recovered  by  cul- 
tivation :  results  which  cannot  be  obtained  with  the  streptococcus  pyogenes. 

More  than  that,  by  inoculation  of  six  milch  cows  with  the  human 
streptococcus  scarlatinse,  a  definite  eruptive  disease  was  produced  on  the  skin 
generally,  and  on  the  teats  and  udder  particularly,  associated  with  visceral 
disease  identical  in  every  respect  with  the  cutaneous  and  visceral  disease  ob- 
served in  the  Hendon  cows.  It  is,  we  consider,  proved  hereby  that  the 
streptococcus  derived  from  human  scarlet-fever  cases,  producing  as  it  did  the 
Hendon  disease  in  the  cow,  i.e.  the  same  disease  which  was  the  source  of 
infection  in  the  human  subjects  in  the  Marylebone  epidemic,  must  be  con- 
sidered as  the  microbe  of  scarlet  fever. 

Professor  Axe,  Dr.  Thin,  and  also  Dr.  Crookshank,  have  made  certain 
assertions — accepted  by  the  head  of  the  Agricultural  Department — as  to  the 
milk  at  the  Hendon  farm  having  been  really  infected  not  by  the  cows  but  by 
a  boy  who  carried  the  contagium  from  a  human  case  of  scarlatina  to  the  farm, 
the  boy  himself  supposed  to  be  free  of  the  disease.  But  no  such  boy  could 
have  infected  the  Hendon  milk ;  besides,  the  milk  of  that  Hendon  farm, 
as  in  most  instances  in  which  the  cow  disease  is  the  cause  of  the  infectivity 
of  the  milk,  had  infective  power  from  day  to  day  for  weeks  (compare  an 
article  in  the  '  Practitioner,'  March  1889). 

It  was  asserted  by  Professor  Axe  and  Dr.  Crookshank  that  the  Hendon 
■disease  could  not  have  been  other  than  the  "Wiltshire  disease,  i.e.  cow-pox, 
because  at  the  time  of  the  Hendon  disease,  and  afterwards,  there  existed 
in  different  parts  of  the  country  an  ulcerative  eruptive  disease  of  cows  which 
was  communicable  to  the  milker's  hands  as  vaccinia,  and  of  course  was  not 
■connected  with  scarlet  fever ;  indeed,  the  head  of  the  Agricultural  Depart- 
ment classed  all  the  eruptive  diseases  together  as  the  same,  being  probably 
cow-pox.  This  was  strikingly  illustrated  in  Dr.  Eussell's  case  in  Glasgow  ; 
here  the  scarlet  fever  epidemic  was  traced  to  milk  coming  from  a  dairy  farm 
■where  cows  were  affected  with  an  eruptive  ulcerative  disease  on  the  teats  and 
Tidder.  Professor  Brown  submitted  to  Dr.  Russell  drawings  of  ulcers  on  the 
udder  and  teats  of  cows  as  the  Hendon  disease,  which  were  not  drawings  of 
what  was  understood  as  the  Hendon  disease,  but  of  the  Wiltshire  disease. 
It  need  hardly  be  said  that  drawings  of  ulcers  on  the  teats  and  udder, of 
•cows  all  look  very  much  alike. 

But  though  perfectly  familiar  as  the  Agricultural  Department  and  the 
veterinary  profession  in  general  seemed  to  have  proved  themselves  to  be  with 
the  fact  that  all  eruptive  diseases  of  the  teats  and  udder  of  the  cow  then 
prevailing  in  England  (1885-1888)  are  one  and  the  same,  there  occurred  an 
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outbreak  of  an  eruptive  disease  amongst  cows  in  Edinburgh  (in  1887),  which 
seemed  to  offer  some  differences  and  to  make  some  rupture  in  that  accepted 
uniformity  of  eruptive  diseases. 

During  1887  an  eruptive  disease  appeared  amongst  certain  cows  in  a 
dairy  farm  in  Edinburgh,  the  milk  of  which  had  distributed  amongst  the 
consumers  (in  an  educational  establishment  in  that  city)  a  form  of  febrile  sore 
throat,  which  could  not  be  recognised  as  either  scarlatinal  or  diphtheritic. 
Dr.  Sims  Woodhead  and  Mr.  T.  M.  Cotterill  clearly  proved  the  connection  of 
this  malady  with  the  milk  of  that  dairy  farm ;  more  than  that,  on  the  sus- 
pension of  the  consumption  of  the  milk  the  epidemic  quickly  disappeared. 
When  the  use  of  the  milk  was  recommenced  sore  throats  of  a  similar  character 
appeared  again.  Then  all  the  milk  was  boiled  before  use,  when  the  epidemic 
similarly  yielded  ('  British  Medical  Journal,'  June  9,  1888).  Now  the  writer 
had  the  opportunity  of  receiving  one  of  those  cows,  and  he  ascertained  that 
■the  nature,  progress,  and  duration  of  the  ulceration  on  the  teats  and  udder 
were  quite  unlike  those  of  the  Wiltshire  malady,  but  similar  to,  though 
slightly  different  from,  those  observed  in  the  Hendon  disease.  Inoculations 
of  calves  with  the  matter  from  the  cow's  sores  yielded  positive  results. 
There  was  present  in  that  cow  a  definite  visceral  disease  (lung  and  liver). 
(Report  of  the  Medical  Officer  of  the  Local  Government  Board  for  1888.) 
From,  the  ulcers  of  this  cow  a  streptococcus  was  cultivated  which  also 
proved  different  from  the  streptococcus  scarlatin^e  ;  it  was  in  culture  very 
similar  to  the  streptococcus  pyogenes  ;  it  did  not  produce  any  specific  result 
on  inoculation  into  rodents,  but  on  cutaneous  inoculation  into  calves  it  pro- 
duced strikingly  positive  results — ulceration  and  crusts  of  the  same  character 
as  those  produced  directly  by  cutaneous  inoculation  of  the  ulcer  material  of 
the  cow.  Here,  then,  we  had  a  further  eruptive  disease  in  the  cow,  differing 
from  the  Wiltshire  disease  and  also  from  the  Hendon  disease,  and  connected 
by  means  of  the  milk  of  the  cow  with  febrile  sore  throat  in  the  human  sub- 
ject ;  there  occurred  no  direct  infection  of  the  hands  of  the  milkers,  as  in  the 
Wiltshire  disease.  The  above  positive  experiments  on  calves  prove,  we  think, 
that  this  streptococcus  was  the  microbe  of  the  Edinburgh  disease,  and  was 
different  from  the  streptococcus  pyogenes  on  the  one  hand,  and  from  the 
streptococcus  scarlatinfe  on  the  other. 

It  was  mstructive  to  learn  from  a  report  by  Professor  Macfadyean,  of 
Edinburgh,  to  the  head  of  the  Agricultural  Department  of  the  Privy  Council 
that  the  Edinburgh  cow  disease  was  a  different  disease  from  the  Wiltshire 
disease.  But  though  the  disease  went  on  spreading  amongst  the  cows,  the 
milk  of  such  cows  was  not  consumed,  or  when  consumed  was  first  boiled  and 
the  throat  epidemic  ceased  {see  '  Practitioner,'  March  1889). 

In  the  next  chapter  a  further  eruptive  contagious  disease  on  the  udder 
of  cows  will  be  described,  but  which  in  its  progress  and  duration  was  no 
more,  certainly  much  less,  cow-pox  than  the  Hendon  disease,  and  which  in 
.its  causation  was  no  other  than  diphtheria,  since  it  was  artificially  produced 
by  subcutaneous  injection  of  culture  of  the  bacillus  diphtherise. 

In  typhus  fever,  whooping  cough,  measles,  rubeola,  varicella,  and  Oriental  plague,  no 
definite  microbes  have  as  yet  been  demonstrated ;  in  whooping  cough,  micrococci,  moulds, 
and  bacilli  have  been  asserted  to  be  associated  with  the  disease,  but  no  real  satisfactory 
evidence  is  forthcoming ;  in  measles,  in  Oriental  plague,  in  yellow  fever,  and  other  specific 
diseases,  micrococci  are  often  met  with  and  have  been  mentioned  by  many  observers. 

So  also  in  the  case  of  Beriberi ;  while  some  observers  (Lander,  Ogston)  maintain 
that  bacilli  occur  in  the  blood,  and  regard  them  as  the  microbe  of  the  disease,  others 
(Pekelharing  and  Winkler)  claim  micrococci  in  the  blood  as  the  real  cause.  Einderpest 
is  maintained  by  Metschnikoff  and  Gamaleia  to  be  caused  by  a  bacillus  in  some  morpho- 
dogical  respects  similar  to  anthrax  bacillus  ;  these  observers  maintain  that  they  have  found 
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the  bacilli  in  the  ulcers  of  the  stomach  and  also  in  the  blood  of  the  affected  animals. 
Further,  they  have  cultivated  the  microbe  and  found  it  to  grow  on  gelatine  in  a  manner 
similar  to  the  typhoid  bacillus.  Lastly,  they  assert  that  they  have  reproduced  the  disease- 
in  calves  and  guineapigs  by  inoculation  of  such  cultures. 


CHAPTER  XIX 

BIFRTHEBIA 

This  acute  infectious  disease,  to  which  children  and  young  individuals 
are  particularly  prone,  shows  itself  in  most  instances  as  a  severe  inflamma- 
tion and  fibrinous  infiltration  of  the  mucous  membrane  of  the  fauces  and 
pharynx,  or  also  the  larynx  and  trachea,  leading  to,  and  early  in  the  disease 
consisting  in,  a  necrosis  of  the  superficial  part  of  the  mucous  membrane,  and 
thereby  changing  this  into  a  tenacious,  whitish  pseudo-membrane,  the  '  diph- 
theritic membrane.'  In  most  cases  only  the  mucosa  of  the  fauces  (tonsils, 
palatme  arches,  velum  palati  and  uvula,  upper  part  of  pharynx)  shows  this 
change,  i.e.  into  whitish  grey  '  diphtheritic  membranes  ; '  in  other  cases  this 
necrotic  change  extends  over  the  whole  of  the  pharynx  into  the  larynx,  and 
even  the  trachea  ;  in  still  other  cases  it  starts  in  the  larynx  and  invades 
this  and  the  trachea— croup.  In  some  cases  a  similar  inflammation  and  the 
formation  of  diphtheritic  membranes  are  observed  in  the  stomach,  in  the 
intestine,  in  the  urinary  organs,  and  independently  and  primarily  on  wounds. 
In  addition  are  to  be  mentioned  myocarditis  diphtheritica.  The  microscopic 
character  of  diphtheritic  inflammation  is  generally  this,  that  the  mucous 
membrane  is  the  seat  of  a  severe  inflammation  and  necrosis  :  engorgement 
of,  and  extravasation  from,  the  superficial  capillaries  and  veins,  with  stasis 
of  blood  in  them,  and  swelling  due  to  infiltration  of  the  mucosa  with  fibrine 
and  round  cells  ;  the  epithelium  as  a  whole  is  lost,  the  affected  mucosa 
itself  becomes  necrosed  and  changed  into  a  whitish-grey  coagulated  mass. 
in  which  fibrin,  a  close  network  of  threads  and  septa,  and  in  the  superficial 
parts,  lymph  cells,  may  be  recognised,  this  necrosed  or  coagulated  portion 
forming  the  diphtheritic  membrane  ;  close  to  that  part  which  comprises  the 
necrosed  mucosa,  the  outlines  of  blood-vessels  filled  with  stagnated  and 
coagulated  blood,  and  extravasated  blood,  as  also  dense  infiltration  with  lymph 
cells,  may  be  recognised.  When  the  process  continues  into  the  depth  and 
breadth,  this  inflamed  portion  also  becomes  necrosed,  and  a  part  of  the 
diphtheritic  membrane.  After  the  process  passes  the  acme,  the  inflamed 
tissue,  not  necrosed  by  the  exudation,  gradually  detaches  the  diphtheritic 
membrane  above  it,  and  an  ulcer  is  left  behind,  which,  like  other  healing 
ulcers,  gradually  contracts  and  becomes  covered  with  healthy  membrane 
and  epitheHum. 

A  section  through  a  diphtheritic  membrane  shows  a  few  nuclei  in  a  dense, 
more  or  less  fibrinous  reticulated  or  hyaline  matrix,  more  or  less  ill  pre- 
served ;  some  of  these  take  the  staining,  i.e.  are  not  dead  ;  in  others  ah'eady 
dead,  the  outlines  can  barely  be  recognised.  In  the  superficial  parts  of  the 
diphtheritic  membranes  a  number  of  larger  or  smaller  loculi  are  always  seen, 
which  are  filled  with  clumps  of  bacteria  {see  illustration).  These  clumps  of 
bacteria  are  of  various  kinds :  staphylococci ;  streptococci,  but  not  so 
common ;  thick  and  long  septic  bacilh,  and  groups  of  minute  bacilli  which 
we  will  call  the  diphtheria  bacilH.  These  latter  are  found  in  larger  and 
smaller  masses  on  the  surface,  formmg  sometimes  a  continuous  layer ;  in 
some  cases  sections  show  that  in  the  middle,  and  occasionally,  but  rarely,. 
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even  in  the  deep  parts,  they  are  the  only  bacteria  present ;  here  they  are  in 
small  clusters,  or  they  form  large  masses  {see  fig.  73).  In  the  mucoua 
membrane  next  to,  but  not  part  of,  the  diphtheritic  membrane,  the  writer 
has  found  them  occasionally  in  small  numbers ;  in  the  inflamed  mucous 
membrane  of  the  depth  these  diphtheria  bacilli  are,  as  a  rule,  rarely  to  be 
found.  In  the  blood  and  in  the  viscera  the  bacilli  are  absent ;  nor  are  other 
micro-organisms  to  be  found  as  constant  inhabitants.  In  cases  of  diphtheria 
ending  fatally,  even  if  the  disease  only  lasted  a  few  days,  the  lungs  are 
the  seat  of  severe  bronchial  catarrh,  lobular  or  broncho-pneumonia ;  the 
kidney  is  congested  and  shows  distinct  parenchymatous  nephritis,  the  epi- 
thelium of  many  convoluted  tubes  of  the  cortex  is  granular,  disintegrating 
and  fatty  ;  in  the  liver,  fatty  degeneration  of  the  liver  cells  is  generally 
present.  As  to  bacteria  of  diphtheria  there  are  many  assertions.^  The  one 
species  that  is  constant  and  can  be  easily  isolated  in  many  cases  in  almost 
pure  cultivation  from  the  superficial  and  even  middle  layers  of  the  fresh 
diphtheritic  membrane  are  minute  bacilli  (see  figs.  74, 75) :  some  are  curved,, 
most  are  straight,  some  slightly  swollen  at  each  end,  or  knob-shaped  at  one 
end,  many  of  them  pointed  at  one  end ;  in  fact,  this  may  be  regarded  as 
the  typical  bacillus.  These  bacilli  occur  either  singly  or  in  dumb-bells ; 
many  show  a  segregation  of  their  protoplasm  into  granules  or  rods  of 
unequal  size ;  amongst  these  '  granular '  forms,  one  or  both  terminal  granules 
are  occasionally  club-shaped.  Some  of  the  single  bacilli  in  well-stained 
specimens  show  a  deeply  stained  granule  at  each  end.  The  bacilli  of  agar 
cultures  show  the  same  appearances  as  those  in  the  diphtheritic  membrane  ; 
in  gelatine  culture  the  bacilli  are  shorter,  thicker,  and  many  are  conical  [see 
fig.  76).  These  bacilli  were  first  seen  by  Klebs,  and  by  LojBfler  were  re- 
garded, owing  to  their  constancy,  as  pathognomonic  and  pathogenic  for 
diphtheria ;  Loffler  had  first  isolated  them  by  culture  on  blood  serum,  but 
he,  and  then  Hoffmann,  found  a  morphologically  similar  bacillus  in  the 
normal  discharges  of  the  fauces.  Now,  Loffler  maintained  that,  while  the 
former  or  the  '  diphtheria  bacillus '  is  pathogenic  for  animals,  the  latter  or 
pseudo -diphtheria  bacillus  is  not  so  ;  but  this  has  not  been  accepted  by  all,, 
though,  as  we  shall  see,  it  nevertheless  corresponds  to  the  facts. 

Besides,  in  true  diphtheria  of  the  fauces,  the  diphtheria  bacilli  can  be 
demonstrated  in  many  cases  of  croup,  and  in  diphtheria  following  scarlatina,, 
but  not  in  so-called  scarlatinal  diphtheria,  that  is,  in  necrotic  change  in  the 
fauces  occurring  simultaneously  with  scarlatina.  (Lof&er,  Kolisko  and 
Paltauf,  Tangl,  Klein.) 

The  bacillus  of  diphtheria  isolated  by  Loffler  forms  colonies  of  definite 
characters  on  serum  and  agar  plates  kept  at  35-37°  C. :  round  white  colonies, 
thickest  in  the  middle  and  gradually  assuming  here  a  yellowish -brown  tint. 
According  to  Loffler  it  does  not  grow  on  gelatine  at  temperatures  below  20°  C, 
but  the  writer  has  obtained  cultures  even  at  19°  C.  on  gelatine ;  on  potato 
it  shows  no  visible  growth.  Loffler  found  this  particular  bacillus  in  a  large 
percentage,  but  not  in  all  of  the  diphtheritic  membranes ;  Kolisko  and  Pal- 
tauf, Eoux  and  Yersin,  Zarniko  and  Escherich,  found  this  microbe  in  ali 
cases  of  diphtheria,  and  owing  to  its  peculiar  pathogenic  action  {see  later) 
they  definitely  regarded  it  as  the  microbe  of  diphtheria.  The  writer  has 
shown  that  there  occur  in  diphtheritic  membranes  two  species  of  bacilli, 
identical  in  morphological  respects  and  in  the  mode  of  growth  on  and  in 
agar  plates,  on  serum,  and  on  potato  ;  but  one  species  is  not  constant,  and 
is   probably  the  pseudo-diphtheria  bacillus   of  Loffler,   while  the  other  is 

'  Oertel,  Nassiloff,  Wood  and  Formad,  and  others  as  to  micrococci ;  Von  Emmerich. 
as  to  short  bacilli ;  Prudden  as  to  streptococci. 
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constant  in  large  numbers  in  all  diphtheritic  membranes ;  this  second 
species  is  the  one  which  is  pathogenic,  and  is  the  diphtheria  bacillus  of 
Loffler,  while  the  first  one  is  not  pathogenic.  There  is  an  important  cultural 
difference  between  the  two  species  ;  it  is  this :  the  true  diphtheria  bacillus 
grows  weU  in  and  on  gelatine  at  19-21°  C,  the  other  does  not  grow  on  this 
medium  below  22°  C.  Besides,  the  true  diphtheria  bacillus  grows  very  rapidly 
in  broth,  making  the  broth  (at  37°  C.)  uniformly  and  distinctly  turbid  in 
twenty-four  hom^s.  We  shall  therefore  consider  this  as  the  Klebs-Loffler 
or  true  diphtheria  bacillus,  and  it  only  remains  to  be  added  that  on  gelatine 
the  bacillus  can  be  easily  isolated  from  the  fresh  diphtheritic  membrane 
in  numerous  colonies  ;  a  particle  of  the  membrane  is  first  well  washed  and 
shaken  successively  with  two  or  three  successive  quantities  of  sterile  salt 
solution ;  from  the  last  plate  cultivations  are  then  estabhshed  {see  illustra- 
tions). 

On  gelatine  the  colonies  are  at  first  rounded,  white,  prominent  dots, 
which  broadening,  thicken  in  the  middle  and  here  become  shghtly  yellowish 
in  reflected,  dark  brown  in  transmitted  hght,  the  peripheral  part  being  thin, 
plate-like,  and  angular ;  in  streak  cultivation  on  gelatine  the  streak  becomes 
marked  as  a  white  band,  at  first  made  up  of  droplets,  but  soon  becoming 
confluent  into  a  uniform  band ;  at  the  margin  the  droplets  and  knob-Hke 
expansions  can  still  be  recognised ;  the  middle  is  thick  and  prominent ;  in 
stab  culture  in  gelatine  the  stab  becomes  indicated  by  a  line-  of  droplets, 
white  in  reflected,  brownish  in  transmitted  light ;  the  upper  point  of  the 
stab  is  occupied  by  a  crenate  convex  white  plate.  Of  course  on  gelatine,  at 
19-21°  C,  the  growth  is  much  slower  than  on  agar  at  35-37°  C.  In  milk 
kept  at  20°  C.  our  bacillus  grows  luxuriantly  and  produces  after  three  days, 
or  even  less,  slight  curdling  of  the  milk,  and  minute  flakes  of  coagulated 
casein ;  at  37°  C.  the  growth  is  curiously  less  abundant  in  the  same  space 
of  time,  and  the  curdling  far  less.  The  diphtheria  baciUi  are  killed  by 
heating  to  60°  C.  for  five  minutes. 

LofQer  maintains  that  with  cultures  of  the  diphtheria  bacillus,  definite 
pathological  results — inflammation  with  something  hke  diphtheritic  necrotic 
membrane — can  be  obtained  by  rubbing  them  into  an  abraded  surface  of  the 
mucous  membrane  (mouth,  trachea)  of  rabbits,  fowls,  pigeons,  and  Koux  and 
Yersin  make  the  same  assertion  ;  but  such  results  are  not  obtainable  either 
with  human  diphtheritic  membranes,  or  with  the  cultures  of  the  diphtheria 
bacillus ;  neither  in  the  rabbit  nor  fowl,  pigeon  nor  guineapig,  in  the  mucous 
membrane  or  the  skin  has  the  writer  been  able  to  j)roduce  any  result 
that  at  all  resembles  diphtheria.  If  occasionally  a  sort  of  inflammation  is 
obtained,  this  is  only  after  severe  application,  but  it  certainly  does  not  yield 
anything  like  a  diphtheritic  membrane.  But  on  subcutaneous  inoculation  of 
guineapigs  with  diphtheritic  membrane,  and  particularly  with  cultures  of 
the  bacillus  diphtheria,  definite  results  are  obtained  which  comcide  with 
those  described  by  Loffler,  Zarniko,  Escherich,  Eoux  and  Yersm,  and  others. 

After  subcutaneous  inoculation  with  cultures,  a  few  days  old,  the  result 
is  very  rapid,  and  more  striking  than  with  diphtheritic  membrane  ;  to  obtain 
acute  results  only  a  small  particle,  not  more  than  can  be  removed  from 
a  colony  with  the  point  of  a  platinum  wire,  often  suffices.  In  the  severe 
cases  produced  by  injecting  several  minims  of  a  recent  broth  culture,  the 
animals  are  very  quiet  after  from  twelve  or  sixteen  hours  ;  and  a  soft  painful 
swelling  is  found  at  the  seat  of  inoculation.  During  the  second  day  the 
hair  is  erect,  the  eyes  small,  and  the  temperature  is  raised ;  the  animals  are 
shaky  and  refuse  food ;  the  condition  grows  rapidly  worse,  movement  ceases, 
the  body  temperature  rapidly  falls,  and  the  animals  are  found  dead  in  some 
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thirty  to  forty  hours.  In  other  cases  the  illness  lasts  two  to  three  days  ;  in 
still  others  as  long  as  five  days,  or  even  more.  The  younger  the  culture,  the 
more  active  it  is,  and  the  more  bacilli  are  injected,  the  shorter  the  illness. 
On  post-mortem  examination  we  find  haemorrhage  and  oedema  in  and  about 
the  place  of  inoculation,  in  the  subcutaneous  and  muscular  tissues,  extending 
sometimes  over  considerable  areas  ;  when  inoculation  is  made  into  the  groin 
the  changes  (hgemorrhage  and  oedema)  extend  over  the  thigh,  abdomen,  and 
even  chest  of  the  inoculated  side  ;  the  inguinal  glands  of  the  inoculated  side 
are  deeply  congested.  The  lungs  are  more  or  less  congested,  sometimes  the 
greater  part  of  one  lobe  or  another  is  deep  purple  ;  pleuritis  and  pericarditis 
are  often  found ;  the  liver  is  slightly  or  not  at  all  congested,  or  is  even  pale ; 
the  spleen  is  not  enlarged ;  the  serous  covering  of  the  stomach  and  intestines 
is  congested  ;  the  suprarenals  are  deep  red ;  the  kidney  is  congested  in  the 
medullary  part.  Neither  from  the  heart's  blood  nor  from  the  lung,  liver, 
spleen,  or  kidney  can  any  organisms  be  cultivated ;  from  the  subcutaneous 
tissue  of  the  inoculated  part,  particularly  from  the  congested  inguinal 
glands,  the  writer  has  obtained  the  bacilli  in  pure  cultivations,  some  tubes 
showing  a  limited,  others  an  abundant  number  of  colonies  ;  but  the  culture 
test  is  not  successful  in  all  animals,  though  it  is  in  most.  Broth  cultures  (at 
35-37°  C.)  twenty-four  to  forty-eight  hours  old,  act  very  virulently,  as  has 
been  already  shown  by  Koux  and  Yersin,^  who  have  separated  certain 
chemical  products  from  such  cultures,  and  shown  that  those  products  them- 
selves act  poisonously  in  proportion  to  the  amounts  injected.  Koux  and 
Yersin  have  observed  in  experimental  animals,  after  inoculation  with  small 
doses  of  broth  culture  or  of  the  chemical  products  separated  from  broth 
cultures,  the  same  kind  of  paralysis  as  occurs  also  in  human  diphtheria 
in  the  later  stages,  that  is,  after  the  acute  symptoms  have  passed  away. 
While  this  paper  was  passing  through  the  press.  Dr.  Sidney  Martin  pubhshed 
an  account  of  the  chemical  nature  of  the  poisons  occurring  ia  the  human 
diphtheritic  membrane ;  these  same  poisonous  principles  (ferment,  organic 
acid,  albumoses)  were  also  obtained  from  albumen  cultures  of  the  diphtheria 
bacilli.  Dr.  Martin  shows  that  with  some  of  the  chemical  products  diphtheritic 
paralysis  can  be  produced,  and  he  further  shows  that  this  paralysis  is  due 
to  degeneration  of  the  peripheral  nerves.  (Eeports  of  the  Medical  Officer 
of  the  Local  Government  Board,  1891-1892).  Loffler,  Roux  and  Yersin,  and 
others,  have  concluded  that  in  diphtheria  we  have  to  deal  with  a  chemical 
poisoning,  the  chemical  poison  being  produced  by  the  living  bacilli  in  the 
diphtheritic  membrane  of  the  human  mucous  membrane,  and  in  the  case  of 
the  experimental  guineapigs  at  the  seat  of  inoculation,  and  absorbed  by  the 
system,  producing  the  whole  set  of  general  disease  symptoms  in  the  lung, 
liver,  kidney,  and  nervous  system,  associated  with,  and  characterising  diph- 
theria. The  absence  of  the  bacilli  from  the  circulation  and  all  affected  organs 
and  their  localised  presence  in  the  diphtheritic  membrane,  suggest  this.  It 
follows  that  if  the  growth  and  multiplication  of  the  bacilU  in  the  diphtheritic 
membrane  could  be  prevented  or  checked  sufficiently  early — by  cautery  or 
otherwise — the  amount  of  the  poison  would  be  small,  and  the  disease  would 
cease. 

It  has  been  asserted  by  various  authors  that  a  necrotic,  chronic,  infective 
process,  observed  in  the  mucous  membrane  of  the  mouth  and  pharynx  in 
calves  and  pigeons,  is  intimately  connected  with  human  diphtheria ;  but 
Loffler  *  has  shown  that  this  is  not  the  case,  since  these  necrotic  processes 
are  altogether  different  diseases,  both  as  to  pathology  and  as  to  the  microbe. 

*  Annales  de  VInstitut  Pasteur,  I. 

*  Mittheil.  aus  dem  Jcais.  Oesundheitsamte,  vol.  ii.,  p.  482, 
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Cats,  however,  have  unquestionably  been  observed  ^  to  show  disease  in 
connection  with  human  diphtheria.  In  houses  where  human  diphtheria 
obtained,  cats  have  been  known  to  become  ill,  either  antecedently,  or 
•coincidently,  or  subsequently ;  they  appear  to  have  some  kind  of  throat 
illness,  and  cannot  swallow ;  they  sneeze  and  their  eyes  water  ;  as  a  rule, 
bronchial  mischief  is  noticed  early,  and  if  the  disease  is  protracted  through 
;several  weeks,  as  it  sometimes  is,  they  become  much  emaciated  and  die.  On 
j)ost-mortem  examination  the  lungs  are  fuU  of  grey,  consolidated,  lobular 
patches,  and  the  kidneys  are  always  enlarged  and  white  ;  on  a  section  the  whole 
cortex  is  found  to  be  in  a  state  of  fatty  degeneration,  while  the  medulla  shows 
congestion.  Further,  the  writer  has  ascertained  that  an  infectious  disease 
with  the  same  symptoms,  and  leading  to  the  same  result,  exists  naturally 
amongst  cats ;  the  animals  have  severe  lung  trouble,  become  emaciated,  and 
die  with  the  same  pathological  appearances,  notably  on  the  x^a^^t  of  the 
kidney.  In  one  case  the  writer  has  seen  such  a  cat  after  several  weeks' 
illness  showing  paresis  of  the  hind  extremities. 

When  cats  are  inoculated  subcutaneously  in  the  groin  with  a  particle 
of  human  diphtheritic  membrane,  they  become  distinctly  ill,  show  after 
twenty-four  hours  a  painful  swelHng  in  the  groin,  have  high  temperature, 
and  refuse  food.  In  the  severe  cases  these  symptoms  increase  in  intensity 
during  the  next  few  days,  and  the  animals  die  before  the  end  of  the  week. 
On  post-mortem  examination  the  subcutaneous  and  muscular  tissues  at  and 
near  the  seat  of  inoculation  are  found  to  contain  hasmorrhage  and  cedema,  and 
the  tissues  are  separated  into  layers,  which  are  more  or  less  necrotic.  The 
viscera  show  much  congestion,  particularly  the  lungs,  also  the  serous  cover- 
ing of  the  stomach  and  intestine  as  well  as  the  peritoneum  ;  the  kidneys 
are  lai"ge  and  white,  the  medulla  congested,  while  the  cortex  is  more  or  less 
uniformly  fatty  {see  fig.  137).  This  condition  is  more  marked  the  longer 
the  illness  ;  when  the  animals  die  in  three  to  fom^  weeks,  or  later,  the 
■condition  of  the  kidney  is  very  striking,  and  then  also  the  lungs  show  lobular 
patches  of  grey  consolidation.  Still  more  striking  is  the  result  when  a 
particle  of  a  virulent  culture  of  the  bacillus  diphtherite  is  subcutaneously 
inoculated.  If  a  fresh  culture — twenty-four  to  forty-eight  hours  old — is 
used,  the  animals  are  very  ill  in  twenty-four  hours :  they  are  quiet, 
refuse  food,  the  temperature  is  raised,  and  at  the  seat  of  inoculation  is  a 
painful  swelling ;  some  animals  die  after  two,  three,  or  four  days,  others  live 
to  the  end  of  the  week.  On  post-mortem  examination  the  same  appearances 
of  the  viscera,  notably  of  the  lungs  and  kidney,  are  found ;  and  here  also 
the  fatty  white  kidney  and  the  pneumonia  are  the  more  marked  the  longer 
the  duration  of  the  disease  ;  in  animals  that  die  forty-eight  to  seventy-two 
hours  after  inoculation  with  culture,  the  subcutaneous  and  muscular  tissues 
about  the  seat  of  inoculation  show  much  haemorrhage,  in  many  parts  the 
tissues  are  almost  gangrenous.  When  using  recent  broth  cultures  derived 
from  the  congested  inguinal  lymph  gland  of  an  experimental  guineapig 
{see  above)  the  effect  of  the  subcutaneous  inoculation  of  such  culture  in  the 
cat  is  most  striking ;  all  animals  die  within  forty-eight  to  fifty  houi's. 
In  many  instances  after  subcutaneous  inoculation,  on  the  death  of  the 
animal,  the  bacUlus  diphtherise  has  been  recovered  by  cultivation  in 
numerous  colonies,  but  no  bacilh  can  be  demonstrated  in  the  lungs,  hver, 
or  kidney. 

The  only  animal  in  which,  either  with  diphtheritic  membrane  or  with 

'  Dr.  George  Turner,  Dr.  Bruce  Low,  Dr.  C.  T.  Kenshaw,  Dr.  A.  Downes,  Dr.  Thurs- 
field  ;  see  the  writer's  Eeport  in  the  Volume  of  the  Medical  Officer  of  the  Local  Government 
Board,  1889,  p.  162. 
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cultures  of  the  bacillus,  it  was  possible  to  produce  a  definite  and  striking 
result  on  the  cornea  and  conjunctiva,  is  the  cat.  If  from  the  cornea  and 
conjunctiva  the  superficial  epithelium  is  scraped  off,  and  then  on  such  a 
surface  a  piece  of  diphtheritic  membrane  or  a  particle  of  an  artificial  culture 
of  the  bacillus  is  rubbed  in,  the  result  is  in  most  instances  positive ;  after 
twenty-four  hours  the  conjunctiva  looks  injected,  and  the  eye  watery  ;  after 
forty-eight  hours  the  animal  is  quiet,  and  has  the  eye  closed  with  much 
muco-purulent  discharge  from  the  inner  angle  of  the  eye  ;  the  conjunctiva  is 
jQuch  congested,  swollen,  and  oedematous  ;  the  cornea  is  opaque,  and  covered 
with  a  muco-purulent  film  ;  the  condition  gradually  increases  in  intensity 
from  day  to  day,  so  that  by  the  end  of  the  week  the  cornea  shows  a  distinct 
Tilcer,  crater-hke,  its  margin  swollen  and  opaque.  In  severe  cases  the 
process  gradually  increases  till  the  end  of  the  third  week,  when  the  ulcera- 
tion of  the  central  part  of  the  cornea  reaches  the  lamina  Descemeti ;  after 
this  time  the  disease  gradually  abates,  and  recovery  takes  place.  In  two 
cases  perforation  of  the  cornea  took  place  and  purulent  panophthalmitis  set 
in.  In  other  cases  the  duration  of  the  disease  is  shorter  and  the  process 
is  not  so  intense.  That  we  have  here  to  deal  with  a  specific  infectious 
disease,  is  proved  by  the  fact  that  matter  scraped  from  the  ulcerated  cornea 
and  transferred  to  the  cornea  and  conjunctiva  of  a  fresh  cat  produces  again 
the  same  specific  disease.  Ordinary  purulent  matter  applied  to  a  scraped 
cornea  or  conjunctiva  does  not  produce  any  result ;  after  twenty-four  hours 
the  conjunctiva  is  found  injected,  and  the  eye  watery,  but  after  forty-eight 
hours  nothing  abnormal  is  to  be  noticed.  From  the  opaque  tissue  bordering 
the  ulcer  in  the  cornea  of  the  above  successful  cases  the  writer  has  succeeded 
in  obtaining  cultures  of  the  bacillus,  on  gelatine,  in  numerous  colonies  ;  the 
cultural  characters  of  the  colonies  were  identical  with  those  of  the  human 
diphtheritic  membranes,  but  the  bacilU  themselves  were  conspicuously 
smaller  in  size,  shorter  and  thinner  {see  fig.  78).  Also  by  scraping  the 
mucous  membrane  of  the  palate  and  fauces  of  the  cat,  and  then  rubbing 
in  a  particle  of  diphtheritic  membrane,  or  of  a  culture  of  the  bacillus,  an 
ulcerative  process  is  produced  which  reaches  its  height  by  the  end  of  the 
first  week,  or  earlier  ;  the  ulcer  is  surrounded  by  swollen  congested  mucous 
membrane,  and  is  covered  with  a  grey  pyogenic  membrane. 

On  account  of  the  above  very  definite  results  obtained  in  the  cat  with 
diphtheritic  membrane,  or  with  cultures  of  the  bacillus  (subcutaneously  or 
on  the  cornea),  and  of  the  peculiar  disease  of  the  lung  and  particularly 
the  kidney,  observed  in  the  cat  (experimentally  or  naturally)  in  connection  with 
human  diphtheria,  the  writer  holds  that  the  disease  occurring  naturally  in 
this  animal  is  equivalent  to  human  diphtheria,  and  that  therefore  the  cat 
must  be  considered  as  susceptible  to  human  diphtheria,  and  capable  of 
communicating  the  disease  to  other  cats  and  also  to  human  beings. 

The  important  question  that  must  be  asked  in  connection  with  this 
assumption  is  this  :  Since  in  the  natural  disease  in  the  cat  there  is  no 
diphtheritic  membrane  to  be  found  in  the  fauces,  how  is  it  possible  for  a  cat 
to  communicate  diphtheria  to  human  beings  ?  Such  has  unquestionably 
taken  place  in  several  instances  (see  Eeports  of  the  Medical  Officer  of  the 
Local  Government  Board,  1889-1890).  A  cat  in  the  subcutaneous  tissue 
of  which,  by  inoculation  of  a  particle  of  diphtheritic  membrane,  or  of  an 
artificial  culture,  local  oedema,  hemorrhage,  and  necrosis  are  established  at 
and  about  the  seat  of  inoculation,  contains  in  the  local  tumour  the  bacillus 
diphtherite ;  and  it  is  here,  just  as  in  the  case  of  the  guineapig  after 
subcutaneous  inoculation,  that  in  consequence  of  the  growth  and  multiplica- 
tion of  the  bacilh  the  chemical  poison  is  produced  which,  absorbed  by  the 
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system,  sets  up  the  disease  of  the  viscera  mentioned  above.  Neither  in  these 
experimental  cats,  nor  giiineapigs,  could  the  diphtheria  baciUi  be  demonstrated 
in  the  diseased  viscera  or  the  blood  of  the  circulation  ;  neither  in  the  case  of 
the  ulcer  of  the  cornea  and  the  conjunctivitis  produced  by  inoculation  into 
these  tissues  with  human  diphtheritic  membrane  or  artificial  culture  could  the 
diphtheria  bacillus  be  demonstrated  in  the  viscera.  And  the  same  we  have 
seen  to  hold  good  for  human  diphtheritic  process,  i.e.  the  disease  is  in  the 
first  place  a  local  one,  and  owing  to  the  elaboration  at  that  locahty  by  the 
growing  and  multiplying  diphtheria  baciUi  of  certain  chemical  poisons  is 
the  general  visceral  disease  established.  But  the  important  question  is. 
Which  is  that  primary  locality  in  the  cat  affected  with  the  natural  disease 
in  which  the  diphtheria  bacilh  grow  and  multiply  and  produce  the  chemical 
poison?  From  the  fact  that  the  animals  early  show  lung  disease  and  bronchitis, 
leading  to  broncho-pneumonia,  and  from  the  fact  that  the  disease  is  com- 
municated by  them  to  other  cats  and  to  children  (generally  the  children  have 
been  fondling  and  nursing  the  animals)  we  may,  I  think,  justly  conclude 
that  the  lungs  are  the  locality  which  in  the  natm-al  disease  harbom-  the 
bacilli.  In  examining  sections  through  the  diseased  portion  of  the  lung 
of  a  cat  affected  with  the  natural  disease,  a  condition  is  found  to  obtain  in 
the  large  and  small  bronchi  and  in  the  infundibula,  vividly  recalling  the 
diphtheritic  membrane  of  the  human  subject ;  the  bronchial  mucous  mem- 
brane is  swollen  and  completely  changed  into  a  necrotic,  reticulated  mass 
in  which  the  outluies  of  blood-vessels,  distended  by  and  filled  with  stagnated 
blood,  and  a  few  nuclei  are  recognisable,  the  cavity  of  the  bronchi  and  in- 
fundibula being  distended  and  filled  with  that  diphtheritic  mass.  The  writer 
has  in  two  instances  had  an  opportunity  of  examining  the  diseased  lung  of 
early  cases,  the  animals  dying  a  few  days  after  they  were  seized  with  the 
illness.  In  these  cases  the  presence  of  the  diphtheria  bacilli  in  consider- 
able numbers  could  be  demonstrated  in  the  exudation  filling  the  bronchi  and 
iafmidibula  in  some  of  the  lobules.  But  also  indirectly  he  has  been  able  to 
show  that  the  lung  in  the  cat  is  most  probably  the  primary  locahty  in  which 
the  diphtheria  bacillus  produces  diphtheria,  and  where  it  elaborates  the 
chemical  poison.  Of  broth  culture  of  the  diphtheria  bacillus  forty-eight 
hom's  old  a  small  quantity  (-^1  c.c.)  was  directly  introduced  into  the  cavity 
of  the  trachea  without  injuring  the  mucous  membrane.  The  effect  of  this 
injection  was  most  striking.  Before  twenty-four  hours  had  elapsed  the 
animals  were  found  very  ill ;  in  one  instance  death  took  place  in  thirty 
hours.  On  ]jost-mortem  examination  the  lungs  were  found  greatly  congested, 
and  there  was  also  hemorrhage  ;  so  also  in  the  hver,  the  peritoneum,  and 
the  kidney.  In  the  bronchial  tubes  there  was  much  sanguineous  exudation ; 
and  in  this  the  diphtheria  bacilh  could  be  demonstrated  in  large  numbers. 
In  another  case  the  animal  hved  till  the  sixth  day ;  it  did  not  feed,  got 
thin,  coughed  a  good  deal,  and  appeared  paralysed  in  one  hhid  extremity. 
On  2^ost-mortem  examination  the  whole  middle  lobe  of  one  lung  was  found 
consohdated,  was  full  of  blood,  and  sank  in  water.  On  section  through  this 
consohdated  part,  the  bronchi  and  infundibula  and  also  air  cells  were 
distended  by,  and  filled  completely  with  an  exact  counterpart  of  diphtheritic 
membrane ;  also  the  exudation  in  the  bronchi  contained  the  diphtheria 
baciUi  in  smaller  or  larger  clumps.  Both  kidneys  in  this  case  were  gi-eatly 
enlarged  and  white  ;  in  section  the  medulla  was  congested,  but  the  entire 
cortex  was  white  and  in  a  complete  state  of  fatty  degeneration.  From  these 
experiments  the  conclusion  is  justified  that,  in  cats,  diphtheria  in  the  lung 
is  possible,  and  that  most  probably  also  in  the  natural  disease  affecting  the 
cat,  the  primary  diphtheritic  locality  is  in  the  lung. 
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As  is  well  established,  diphtheria  is  a  highly  contagious  disease,  trans- 
missible from  person  to  person,  its  contagium  belonging  to  the  group  called 
fixed  contagia.  But  it  is  likewise  well  established  that  milk  infected  from 
a  human  source  has,  in  several  epidemics,  been  the  means  of  producing 
diphtheria  in  the  consumers.  It  is  also  known  that  a  room  in  which 
a  diphtheria  case  has  once  existed  may  for  years  harbour  the  contagium 
of  diphtheria,  so  that  any  new-comer  or  inhabitant  may  contract  the 
disease ;  moreover,  it  is  known  that  in  a  locahty  in  which  diphtheria  has 
once  been  rife,  the  disease  may  at  any  time  reappear,  and  in  these  instances 
the  transmission  of  the  contagium  from  sewers  is  maintained  by  some 
sanitarians.  Lastly,  it  has  been  shown  by  Mr.  Power,  Dr.  Mason,  and 
Dr.  Philpott,  that  in  certain  epidemics  of  diphtheria  (Yorktown  and  Cam- 
berley,  Barking,  Croydon),  while  the  milk  was  the  vehicle  of  infection,  the 
milk  did  not  receive  its  infective  power  from  a  human  source. 

Several  epidemics  of  milk  diphtheria,  in  which  fouling  of  the  milk  with 
human  diphtheritic  material  could  not  be  demonstrated,  but,  on  the  other 
hand,  could  be  excluded,  have  of  late  years  become  known,  and  in  these 
cases  the  suspicion  attached  itself  to  the  cows,  for  it  could  be  shown  that 
there  existed  on  the  farms  concerned  no  other  condition  which  in  any  way 
could  account  for  the  infectivity  of  the  milk;  besides,  this  infectivity  was 
inherent  to  the  milk  over  a  certain  period.  In  the  case  of  the  Yorktown 
and  Camberley  epidemic  {see  Mr.  Power's  Eeport  in  the  volume  of  the 
Medical  Officer  of  the  Local  Government  Board  for  1886),  the  cows  were 
certified  by  a  veterinary  surgeon  to  have  been  in  good  health,  though  even 
several  days  after  the  human  diphtheria  cases  had  ceased  to  occur,  two  of 
the  cows  showed  some  sKght  signs  of  '  chaps  '  on  their  teats.  Mr.  Power  saw 
at  the  farm  one  cow  which  had  suffered  from  chapped  teats  in  October  1886 
(the  month  in  which  the  epidemic  occurred),  and  which  still  had  at  the 
beginning  of  November  a  scab  or  crust  at  the  site  of  a  '  chap.'  At  Barking 
the  cows  whose  milk  produced  the  diphtheria  (in  1888)  suffered  from  a 
distinctly  contagious  eruptive  disease  on  the  teats  and  udder,  showing  itself 
in  sores  covered  with  brown  black  crusts.  The  same  was  noticed  in  connec- 
tion with  an  outbreak  of  diphtheria  (through  milk)  at  Croydon  in  November 
1890.  The  question  which  was  therefore  considered  important  to  decide  was 
this  :  Can  cows  be  infected  with  the  bacillus  diphtheria  ?  During  the  early 
part  of  1890  and  1891  the  writer  made  experiments  on  milch  cows  (which 
had  calved  some  weeks  previously),  which  strikingly  showed  that  this  is 
really  the  case.  The  results  of  these  experiments  are  so  definite  and  so 
important  in  connection  with  milk  derived  from  such  cows  being  charged 
■with  the  diphtheria  contagium,  that  the  writer  may  be  excused  for  giving  two 
of  these  experiments  somewhat  in  detail.^ 

A  broth  culture  was  made  of  the  bacillus  diphtheri©  derived  from  a 
human  diphtheritic  membrane,  but  passed  through  several  gelatine  sub- 
cultures ;  the  broth  culture  had  been  growing  for  a  few  days  at  37°  C. 

One  cubic  centimetre  of  the  culture  was  injected  under  the  skin  into  the 
subcutaneous  tissue  of  the  left  shoulder  in  each  of  two  cows.  These  animals 
were,  at  the  time  of  the  experiment,  in  very  fine  condition  (teats  and  udder 
quite  clean,  copious  milk  secretion),  and  had  been  so  during  eight  to 
ten  days,  during  which  they  had  been  under  observation.  During  the  second 
and  third  days  after  inoculation,  the  body  temperature  showed  a  slight  rise 
(to  40° -6),  and  they  did  not  feed  well  on  those  two  days ;  but  afterwards 
the  temperature  went  down  to  the  normal  state,  and  the  animals  recovered. 
But  at  the  seat  of  the  inoculation  there  was  a  painful,  large  soft  tumour 

*  Eeport  of  the  Medical  Officer  of  the  Local  Governraent  Board  for  1889,  p.  168. 
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to  be  felt  and  seen.  On  the  fifth  to  the  sixth  day,  for  the  first  time,  there 
"was  noticed  on  the  udder  and  on  one  teat  in  one  cow  an  eruption  of  about 
half  a  dozen  firm  papules  :  red  and  injected,  projecting  above  the  sm-face  of 
the  skin,  the  subcutaneous  tissue  indurated  with  a  nodule.  In  addition  to 
the  papules  about  half  a  dozen  vesicles  and  two  round  patches  covered  with 
brown  crusts  could  be  seen  on  the  udder.  Some  of  the  vesicles  contained 
•clear  lymph,  others  were  pustular,  i.e.  purulent.  On  the  seventh  day  new 
papules  and  vesicles  were  found ;  those  of  the  previous  day  had  already 
become  changed  into  dark  brown  crusts.  On  the  eighth  day  a  new  crop 
of  vesicles  could  be  noticed  on  this  cow's  udder,  and  on  that  day  for  the 
first  time  about  half  a  dozen  were  also  seen  on  the  udder  of  the  second  cow. 
In  fig.  136  the  condition  is  accurately  represented :  some  are  vesicular, 
others  pustular,  and  still  others  covered  with  brown  black  crusts ;  the 
vesicles  and  pustules  were  round  and  prominent,  with  a  narrow  margin  of 
injected  skin,  the  crusted  places  irregular.  The  whole  thickness  of  the  skin 
and  subcutaneous  tissue  felt  hard  and  nodular.  For  two  or  three  days 
(ninth  to  twelfth  day)  this  went  on  in  the  first  cow ;  that  is,  new  vesicles 
appeared :  those  that  were  vesicles  with  clear  lymph  one  day  were  pus- 
tular the  next,  and  crusted  the  following  day.  The  crusts  did  not  remain 
long ;  after  two  or  three  days  they  became  loose,  and  left  a  dry  healing  sore 
behind,  which  when  recent,  on  removal,  showed  a  bleeding  sore  of  the 
corium  underneath. 

We  have,  then,  here  a  new  eruptive  disease  on  the  teats  and  udder  of  the 
•cow :  a  disease  marked  by  papule,  vesicle,  pustule,  sore,  and  crust,  but  of  a 
very  rapid  progress,  since  the  crusts  fell  off  and  the  sore  healed  in  less  than 
seven  to  nine  days  since  its  first  appearance,  the  skin  being  at  the  same  time 
much  indurated.  This  eruptive  disease  on  the  udder,  be  it  well  observed, 
was  produced  by  inoculating  the  animals  subcutaneously  in  the  region  of  the 
left  shoulder  with  a  culture  of  the  bacillus  diphtheria. 

As  stated  above,  in  both  animals  on  the  second  and  third  days  there  was 
•a  painful,  soft  tumour  to  be  felt  at  the  seat  of  inoculation.  From  day  to  day 
the  tumour  became  larger ;  about  the  end  of  the  week  it  was  as  large  as  a  man's 
fist ;  after  this  time  it  gradually  became  firm  ;  but  about  the  fifth  and  sixth 
days  it  was  still  soft,  felt  like  oedema,  and  on  pressure  a  quantity  of  clear 
serum  could  be  squeezed  out  from  it.  After  the  death  of  the  animals  (one 
died  after  a  fortnight,  the  other  was  killed  on  the  twenty-fifth  day)  the 
tumour  was  examined,  and  it  was  found  to  be  located  in  the  subcutaneous 
tissue,  but  was  firmly  connected  both  to  the  skin  above  and  the  muscular 
tissue  below,  and  was  surrounded  by  cedematous  tissue.  It  presented  white 
streaks,  was  firm,  but  on  section  clear  serum  could  be  pressed  out  from  it. 
Under  the  microscope  the  tissue  of  the  tumour  was  of  the  same  natiire  as 
diphtheritic  material ;  a  general  matrix  of  reticulated  necrotic  tissue  in  which 
remnants  of  nuclei,  outlines  of  blood-vessels,  and  remnants  of  extravasated 
blood  could  be  recognised  :  this  tissue  shaded  gradually  both  into  the  cutis 
and  into  the  surrounding  muscles. 

Both  animals  showed  normal  temperature  to  the  end,  but  they  both 
coughed  and  gradually  ceased  feeding,  and  did  not  take  any  water  :  one 
of  them  by  the  end  of  the  fortnight  suddenly  became  worse  :  it  took  no  food 
or  water,  its  milk  failed,  its  evacuations  became  scanty  and  dry,  its  breathing 
became  very  rapid,  and  after  a  sudden  collapse  it  died.  The  other  animal 
twenty-four  days  after  inoculation  grew  much  worse,  and  was  therefore 
killed. 

In  both  animals  the  lymph  glands  nearest  the  left  shoulder,  i.e.  close  to 
the  tumour,  were  much  enlarged,  very  cedematous,  and  contained  haemorrhage  ; 
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no  change  in  the  organs  of  the  throat ;  both  lungs  showed  extensive  con- 
gestion, in  fact,  almost  amounting  to  red  hepatisation  of  the  upper  lobes 
and  the  upper  portion  of  the  middle  lobe,  petechise,  and  haBmorrhagic 
patches  under  the  pleura  ;  the  pleural  lymphatics  everywhere  in  the  congested 
portions  were  conspicuous  and  distended,  either  with  clear  lymph  or,  as  was 
the  case  in  the  second  cow,  tinged  with  blood.  On  cutting  into  the  congested 
portions  the  lung  was  seen  to  be  highly  oedematous,  a  large  quantity  of  blood- 
tinged  serum  flowing  from,  and  accumulating  at  the  cut  end  ;  the  lobules 
were  well  mapped  out,  and  there  was  also  sharp  demarcation  by  oedematous 
connective  tissue  between  the  normal  lung  tissue  and  the  deeply  congested 
lobules,  as  also  between  groups  of  lobules  and  individual  lobules  in  the  con- 
gested areas  ;  there  were  hsemorrhagic  spots  and  patches  on  the  parietal  and 
visceral  pericardium.  The  hver  showed  yellow-grey  necrotic  patches,  the 
spleen  grey  necrotic  streaks  in  the  capsule  ;  both  kidneys  showed  congestion 
of  the  medulla,  and  fatty  patches  in  the  cortex.  We  have,  then,  in  both 
these  animals  a  striking  result,  completely  coinciding  with  the  disease  in 
the  cat. 

The  next  important  point  ascertained  in  these  cows  had  reference  to 
the  distribution  of  the  diphtheria  bacilli  inoculated.  In  the  tissue  of  the 
tumour  of  both  animals  after  death,  i.e.  after  fom'teen  and  twenty-four  days 
respectively,  the  diphtheria  bacilli  could  be  demonstrated  without  any  diffi- 
culty under  the  microscope  in  the  sections,  and  by  culture.  On  sections  the 
necrotic  tissue  of  the  tumour  contained  large  numbers  of  the  bacilli  in  clumps  ; 
culture  experiments  on  gelatine  and  on  agar  with  a  particle  of  the  tissue  of 
the  firm  tumour  produced  innumerable  colonies  of  the  diphtheria  bacillus  ; 
when  examined  under  the  microscope  they  resembled  the  human  diphtheria 
bacillus  in  all  respects  (fig.  77).  They  were  also  tested  on  guineapigs  and 
found  to  act  extremely  virulently,  causing  death  of  the  animals  with  typical 
appearances  in  thirty  to  fifty  hours.  But  neither  in  the  heart's  blood,  nor 
in  the  lung  or  liver  of  these  cows,  could  any  microbes  be  demonstrated  in 
microscopic  specimens  or  by  cultm'e.  So  far,  then,  there  is  complete  analogy 
between  the  cows,  guineapigs,  and  cats,  that  is  to  say,  the  diphtheria  bacilli 
introduced  into  the  subcutaneous  tissue  produce  here  by  growth  and  multi- 
phcation  the  chemical  poison,  setting  up  the  general  disease  in  the  viscera. 
But  it  will  be  asked.  Is  the  remarkable  eruption  on  the  udder  of  the  cows  also 
a  result  of  the  absorption  of  the  chemical  poison  produced  at  the  seat  of 
inoculation  (subcutaneous  tissue  of  the  left  shoulder)  ?  The  nature  and 
progress  of  the  eruption,  it  must  be  admitted,  had  all  the  characters  of 
what  one  would  be  inclined  a  priori  to  consider  under  other  conditions  as  an 
infectious  process  ;  and  if  so,  it  most  probably  is  not  merely  a  symptom  of  the 
work  of  the  cheinical  poison,  though  it  might  be,  since,  for  instance,  in  certain 
chemical  poisonings,  e.g.  in  bromide,  a  '  bromide  rash  '  in  the  skin,  even 
resembling  vaccinia  to  a  certain  extent,  is  well  known.  That  m  these 
cows  the  eruption  was  not  of  this  nature  was  directly  proved  by  inoculating, 
into  the  subcutaneous  incisions  in  the  groin  and  abdomen  of  calves,  matter 
taken  from  the  eruption  of  the  cows  in  the  vesicular  and  pustular  stages. 
The  result  of  this  inoculation  was  that  the  typical  eruption  of  the  cow  was 
reproduced,  though  its  appearance  in  the  calves  was  somewhat  delayed. 

But  the  presence  of  the  diphtheria  bacillus  in  the  eruption  of  the  cow 
could  be  demonstrated  both  microscopically  and  by  culture  during  the 
vesicular  and  pustular  stages  ;  in  the  latter  also  numerous  pus  cocci. 

That  in  the  cow  the  diphtheria  bacillus  as  such  passed  into  the  system  of 
the  animal  and  appeared,  not  in  the  viscera,  but  on  the  udder,  was  demon- 
strated conclusively  by  the  fact  that  before  the  end  of  five  days  after  inocu- 
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lation,  the  presence  of  the  diphtheria  bacillus  could  with  certainty  by  micro- 
scopic and  culture  observations  be  demonstrated  in  the  milk  of  the  cow 
collected  under  all  precautions ;  the  number  of  bacilli  present  on  that  day 
in  the  milk  amounted  to  thirty-two  per  cubic  centimetre.^  It  need  hardly 
be  added  that  these  results  lead  in  great  measure  to  a  right  understanding 
of  certain  epidemics  of  milk  diphtheria,  such  as  those  of  Camberley  and 
Yorktown,  Enfield,  Barking,  and  Croydon. 

Von  Emmericli  isolated  short  thick  rods  from  diphtheritic  membranes,  with  which  he 
produced  a  fatal  disease  in  pigeons,  rabbits,  and  mice.  He  found  that,  inoculated  into 
the  mucous  membrane  of  the  trachea  of  rabbits,  the  microbe  caused  death  in  sixty 
hours,  with  grey  fibrinous  membranes  on  the  mucous  membrane  ;  the  bacilli  were  present 
in  the  mucous  membrane,  blood,  and  viscera. 

Loffler  ^  showed  that  the  so-called  diphtheritic  deposits  in  the  mucous  membrane  of  the 
fauces,  larynx,  and  conjunctiva  of  fowls  and  pigeons  are  not  the  same  as  those  of  human 
diphtheria ;  in  the  pigeon  it  is  different  from  that  of  fowls,  while  in  the  former  it  is 
caused  by  minute  bacilli,  thinner  and  a  little  longer  than  those  of  rabbit's  septicsemia 
(Davaine,  Koch) ;  he  also  showed  that  the  so-called  diphtheria  of  calves  is  not  the  same 
as  huinan  diphtheria,  since  it  is  caused  by  long  bacillary  threads.  Lingard  and  Batt 
had  previously  found  the  same  bacilli  in  the  necrotic  masses  in  the  mouth  in  calves ; 
they  have  described  the  disease  as  a  chronic  ulcerative  necrotic  stomatitis.  Dr.  Lingard 
has  shown  that  it  is  transmissible  to  the  rabbit's  ear,  wherein  the  characteristic  bacilli 
produce  the  same  chronic  necrotic  ulcerative  process. 

As  to  the  necrotic  deposits  in  the  fauces  and  mouth  of  fowls,  not  at  all  rare 
amongst  poultry,  and  regarded  by  some  as  identical  vdth  human  diphtheria,  Loffler  has 
pointed  out  that  it  is  different  from  the  similar  disease  in  the  pigeon  ;  it  certainly  is  not 
due  to  the  same  bacteria  as  those  shown  by  Loffler  to  be  the  cause  of  the  pigeon's 
disease.  The  writer  has  cultivated  from  the  caseous  yellow  white  deposits  in  the  pharynx 
and  mouth  of  such  a  fowl  an  organism  which  was  present  in  almost  pure  culture.  The 
yellow-white  deposits  are  dry  and  brittle,  and  are  made  up  of  epithelial  cells  and  d&bris. 
There  are  present  various  species  of  microbes  in  the  superficial  layers  ;  but  in  the  deeper 
parts  one  species  of  minute  more  or  less  constricted  rods  predominates,  of  the  same 
size  as  those  of  fowl  cholera,  but  differing  from  these  latter  by  the  fact  that  on  potato 
they  form  rapidly  a  characteristic  deep  yellow  growth  ;  on  gelatine,  even  after  twenty- 
four  to  forty-eight  hours  they  form  white,  round,  prominent  dots,  which  become  more 
yellowish  and  project  over  the  surface  like  little  buttons,  and  are  easily  hfted  off  bodily  ; 
they  are  very  tenacious,  and  do  not  break  up  when  shaken  in  fluid. 

'  During  1890-91  the  writer  repeated  these  experiments  on  milch  cows,  and  in  two 
further  instances  out  of  six  cows  the  eruption  was  produced  on  the  udder  and  teats  ;  in 
one  of  these  positive  cases  the  milk  contained  the  diphtheria  bacillus  at  about  the  end  of 
the  first  week  after  inoculation  (subcutaneously  into  the  shoulder)  with  culture  of  the 
bacillus  diphtherise. 

^  Mittheil.  aus  dem  kais.  Oesundheitsamte,  vol.  ii. 
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Section  0 
CHAPTEE  XX 

FEVEBS 

Typhoid   ok  Enteric  Fevbk 

The  most  prominent  pathological  changes  characteristic  of  this  and  of  no 
other  disease  are  those  affecting  the  Peyer's  glands  of  the  ileum,  the 
mesenteric  glands,  and  the  spleen. 

{a)  The  Peyer's  Glands. — These  show  in  the  earhest  stages — i.e.  during 
the  first  week  of  the  disease — a  conspicuous  increase  in  size,  due  to 
multiplication  and  enlargement  of  the  cells  of  the  lymph  folHcles,  and  to 
exudation  of  plasma  into  the  latter ;  hence  they  are  also  more  juicy.  The 
mucosa  and  the  sub-mucous  tissue  around  and  between  the  follicles  of  the 
Peyer's  glands  are  much  infiltrated,  swollen,  and  the  blood-vessels  con- 
gested ;  and  so,  in  a  conspicuous  degree,  are  the  vessels  of  the  lymph  folhcles 
constituting  a  Peyer's  gland  and  of  the  parts  immediately  surrounding  it — 
stage  of  infiltration.  When  the  enlargement  of  the  lymph  follicles  reaches 
its  maximum  the  centre  part  undergoes  a  necrotic  change — coagulation 
necrosis — the  blood-vessels  here  being  found  in  a  state  of  hyaline  degenera- 
tion ;  under  the  microscope  one  finds  a  network  of  coagulated  fibrin  threads, 
many  lymph  cells,  which  are  enlarged,  opaque  and  not  taking  dyes  ;  in  some 
the  nucleus  is  faded  and  indistinct  and  not  easily  distinguishable,  others 
breaking  down  into  granular  ddbris.  This  second  stage,  or  stage  of  coagu- 
lation necrosis,  extends  in  all  directions  till  all  parts  of  the  Peyer's  patch, 
particularly  towards  the  internal  surface,  have  become  necrosed ;  the  deeper 
parts,  i.e.  those  situated  in  the  sub-mucous  tissue,  as  well  as  the  latter,  remain 
actively  inflamed,  their  lymphatics  being  filled  with  coagulated  fibrin  and 
the  connective  tissue  more  or  less  infiltrated  with  lymph  cells.  During  the 
second  week  the  necrosed  part  being  in  a  state  of  granular  debris  gradually 
breaks  away,  and  thus  an  ulcer  is  established — stage  of  ulceration.  The 
ulcerated  Peyer's  patch  is  crater-like,  and  is  surrounded  by  a  thickened, 
swollen,  densely  infiltrated  mucosa,  whose  lymph  cells  are  greatly  enlarged ; 
the  base  of  the  ulcer  is  the  deep,  sub-mucous  portion  of  the  Peyer's  gland, 
"while  its  surface  is  covered  with  granular  debris,  the  remains  of  the  necrosed 
part  of  the  Peyer's  patch.  The  ulcer,  that  is,  the  necrosis,  enlarges  (third 
week)  in  breadth  at  the  expense  of  the  mucosa  immediately  surrounding  the 
original  Peyer's  patch,  and  in  depth  at  the  expense  of  the  sub-mucous  tissue 
and  the  circular  muscular  coat ;  but  the  reactive  inflammation  in  the  depth 
is,  as  a  rule,  a  barrier  and  causes  a  gradual  removal  of  the  necrosed  debris, 
and  then  the  healing  process  commences  (fourth  week).  In  this  process  the 
place  of  the  original  Peyer's  gland  is  transformed  into  a  depressed  pigmented 
scar,  limited  towards  the  depth  by  the  outer  layer  of  the  muscular  coat. 
During  the  increase  of  the  inflammation  and  ulceration  into  the  depth,  i.e. 
into  the  outer  muscular  coat,  the  process  may  lead  to  perforation;  the 
ulceration  into  the  depth  may  also  involve  one  of  the  larger  vascular  trunks 
of  the  sub-mucous  tissue,  and  thus  produce  haemorrhage. 

The  cicatrix  which  after  healing  occupies  the  place  of  the  original 
Peyer's  gland  is  easily  detectable  as  a  pigmented  depression. 

(b)  The  Mesenteric  Glands. — The  mesenteric  glands  show  changes  of  the 
same  kind  as  those  of  the  Peyer's  glands  already  mentioned ;  but  no  ulceration 
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takes  place  here.  During  tlie  first  week  the  glands  are  considerably  swollen, 
very  juicy,  and  much  congested.  In  a  section  it  is  noticed  that  the  gland  con- 
tains a  good  deal  of  fluid ;  under  the  microscope  it  is  seen  that  the  lymph 
folhcles  of  the  cortex,  particularly  their  central  parts,  are  filled  with  fibrmous 
exudation,  that  the  lymph  cells  are  enlarged,  and  some  contain  many  nuclei ; 
in  the  sinuses,  both  cortical  and  medullary,  the  cells  of  the  reticulum  filling 
the  sinuses  are  also  much  swollen  and  very  conspicuous.  The  lymph  glands 
continue  to  increase  in  size  and  juiciness  till  the  thhd  week.  During  the 
second  week,  there  are  found,  as  in  the  lymph  follicles  of  the  Peyer's  glands, 
numerous  spots  and  patches,  in  which  coagulation  necrosis  has  occurred. 
These  necrosed  patches  gradually  increase  in  size  till  the  end  of  the  third 
week ;  the  lymph  cells  and  fibrin  networks  constituting  these  necrotic  patches 
undergo  granular  disintegration  and  fatty  metamorphosis,  and  in  this  con- 
dition gradually  become  absorbed  and  disappear.  There  are  present  in  the 
lymphatic  tissue,  in  all  parts  of  the  gland  and  at  all  times,  lymph  cells  which 
are  conspicuous  by  their  size,  spherical  in  shape,  and  several  times  as  large 
as  the  largest  normal  cells  :  they  contain  either  one  large  nucleus  or  several 
smaller  nuclei,  their  substance  being  filled  either  with  coarse  granules,  or 
vacuoles,  and  at  times  also  with  blood-discs. 

(c)  The  spleen  is  always  enlarged,  and  this  is  chiefly  due  to  an  enlarge- 
ment of  all  blood  spaces  and  of  the  lymphatic  tissue,  i.e.  the  Malpighian 
corpuscles.  As  to  the  former  the  blood  spaces  of  the  pulp  are  considerably 
distended  and  filled  with  blood,  and  the  cells  constituting  the  pulp  are  en- 
larged ;  in  some  places  all  the  pulp  cells  are  changed  into  large  spherical  cor- 
puscles containing  blood-discs,  being  occasionally  crammed  full  with  them. 
In  the  enlarged  Malpighian  corpuscles  the  central  parts  also  undergo  the 
necrotic  change  described  above,  and  these  patches  gradually  increase  in  size, 
involving  the  surrounding  pulp  tissue  to  a  greater  or  lesser  extent.  At  the 
same  time  necrosed  patches  are  found  independently  in  the  pulp,  and  are 
due  directly  to  infarct  in  the  pulp ;  such  infarcts,  and  consequent  necrosis, 
may  produce  extensive  necrosis  of  the  pulp  tissue.  The  large  cells  filled  with 
blood-discs  above  named  are  always  present  in  the  pulp  from  the  earhest 
stages,  and  are  occasionally  washed  into  the  chculation,  and  can  then  be  met 
with  also  in  the  circulating  blood. 

Other  changes  in  typhoid  fever  occm-ring  at  later  stages  must  be  con- 
sidered as  sequela,  and  due  to  secondary  causes  :  thus  the  pneumonia  is  due 
to  an  infection  with  microbes  capable  of  producing  pneumonia.  The  diplococ- 
cus  pneumonige,  streptococcus  pyogenes,  and  Friedlander's  bacillus  have  been 
isolated  from  such  pneumonias.  The  granular  and  fatty  degeneration  observed 
in  the  Hver  cells  must  also  be  considered  as  due  to  secondary  causes,  perhaps 
chiefly  the  high  temperature  ;  the  waxy  degeneration  of  striped  muscular 
tissue  of  Zenker  is  probably  due  to  the  same  causes.  Necrotic  patches  in 
the  liver  and  spleen  pulp — the  infarct  above  mentioned — the  necrosis  and 
suppurations  occurring  as  sequel®  in  various  tissues  are  probably  due  to  a 
secondary  invasion  with  pyogenic  cocci  or  similar  microbes.  In  the  necrotic 
patches  in  the  spleen,  clumps  of  micrococci  are  almost  constantly  met  with. 

On  the  whole,  then,  we  may  say  that  the  swelhng  and  coagulation 
necrosis  observed  in  the  lymph  folhcles  of  the  Peyer's  gland,  mesenteric 
glands,  and  the  tissue  of  the  spleen  are  the  primary  lesions,  and  in  the  intes- 
tine the  necrosis  leads  to  the  formation  of  open  ulcers. 

Etiology. — Since  the  clear  and  precise  statements  by  Budd  in  his  well- 
known  memoir  on  typhoid  fever,  this  disease  has  been  considered  to  be  dis- 
seminated by  the  stools  of  a  previous  case  of  typhoid  fever.  That  in  this 
dissemination  water  plays  an  important  part  has  long  been  accepted,  and  one 
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might  almost  say  has  been  all  but  proved.  Various  epidemics  and  groups  of 
cases  have  been  investigated,  both  in  this  country  and  abroad,  where  a 
contamination  of  drinking  water  by  sewage  (old  cesspools  and  drains),  and 
by  inference  with  typhoid  excretion,  had  been  proved  to  be  connected  with 
the  outbreak  and  the  spread  of  the  disease.  Von  Pettenkofer,  no  doubt, 
showed  for  Munich  that  in  the  dissemination  of  typhoid  the  state  of  the 
ground  water  plays  an  important  part,  inasmuch  as  after  a  fall  of  this, 
leaving  behind  in  the  superficial  layers  of  the  soil  the  germs  of  the  disease, 
the  outbreak  and  spread  of  typhoid  are  caused  and  favoured,  while  on  the 
rise  of  the  ground  water  these  poisonous  particles  again  become  submerged 
and  prevented  from  escaping,  and  hence  a  subsidence  of  typhoid  fever  cases. 
But  this  ground-water  theory,  though  applicable  to  Munich,  has  not  been 
found  to  explain  the  rise  and  fall  of  typhoid  fever  in  other  localities  during 
other  epidemics,  and  therefore  other  conditions,  notably,  those  of  contamina- 
tion of  water  or  food  stuffs  with  matter  directly  derived  from  sewage,  and  in- 
directly from  bowel  evacuations  of  typhoid  fever  cases,  had  to  be  considered. 
Further,  Ballard  has  shown  that  in  the  dissemination  of  the  virus  of  typhoid 
fever,  as  in  the  Islington  epidemic,  milk  plays  an  important  role  ;  such  milk 
typhoid  epidemics,  where  the  milk  had  directly,  or  by  the  vessels  contain- 
ing the  milk,  been  brought  in  contact  with  sewage-polluted  water,  have 
since  been  abundantly  recorded,  as  proved  by  an  inspection  of  the  tables  col- 
lected for  the  '  Transactions  of  the  International  Medical  Congress,'  London, 
1881. 

The  most  complete  and  instructive  evidence  as  to  contamination  of  drink- 
ing-water by  typhoid  stools,  and  wholesale  infection  by  such  drinking-water, 
was  brought  forward  by  Dr.  Thorne  Thorne  in  elucidating  the  now  famous 
epidemic  of  typhoid  fever  in  and  about  Caterham.  This  report  for  1878,  pub- 
lished in  the  volume  of  the  Medical  Officer  of  the  Local  Government  Board, 
contains  the  full  account  on  this  most  instructive  and  now  classical  piece  of 
epidemiological  work.  It  was  proved  that  one  of  the  employ &s  at  the  Caterham 
works  of  the  Kent  Water  Company,  while  actually  affected  with  typhoid  fever, 
managed  to  contaminate  with  his  stools  the  water  at  the  original  wells  of 
the  company,  and  this  contaminated  drinking-water,  in  its  distribution  about 
Caterham,  Reigate,  and  other  places,  produced  in  the  consumers  typhoid 
fever. 

The  next  important  question  that  requires  to  be  answered  is,  "What  is 
there  in  the  stools  which  must  be  regarded  as  the  virus  of  typhoid  fever  ? 
This  virus  must  be  a  microbe  which  evidently  can  live  and  thrive  in  sewage 
and  in  the  soil ;  further,  that  it  can  retain  vitality  even  when  placed  in  such 
a  poor  medium  as  water ;  it  must  be  possessed  of  considerable  resistance 
towards  putrefaction,  towards  cold,  and  towards  the  gastric  juice ;  when 
brought,  in  the  stools  of  a  typhoid  fever  case,  into  drains,  cesspools,  and 
the  like,  it  must  be  capable  of  preserving  its  life  for  an  indefinite  time — all 
these  are  requirements  postulated  by  what  is  known  of  the  epidemiological 
relations  of  typhoid  fever.  Many  sanitarians  have  formulated  these  general 
conditions  into  a  single  sentence  by  saying  that  the  typhoid-fever  microbe 
must  be  capable  of  forming  spores,  and  by  these  overcome  all  the  above 
difficulties,  since  it  is  known  that  a  microbe  having  formed  spores  can 
under  favourable  conditions  preserve  vitality  till  the  suitable  moment 
arrives,  e.g.  when  finding  entrance  into  a  new  individual ;  the  spores 
are  capable  of  withstanding  all  kinds  of  unfavourable  conditions  of  environ- 
ment, e.g.  cold,  putrefaction,  paucity  of  nutriment,  and  struggle  with  other 
less  specialised  microbes,  &c.  Numerous  have  been  the  assertions  of  the  oc- 
currence of  micrococci  in  the  intestine,  the  mesenteric  glands,  and  the  spleen 
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in  typhoid  fever,  but  only  during  late  years,  since  exact  methods  of  staining 
and  cultivation  have  been  employed,  has  a  definite  species  been  shown  to 
exist  in  the  typhoid  stools  in  the  diseased  intestinal  mucous  membrane,  in 
the  mesenteric  glands,  and  in  the  spleen,  occasionally  also  in  metastatic 
foci  of  other  organs  :  liver,  lungs,  brain,  and  kidney.  Eberth  first  showed 
that  in  many  cases  ot  typhoid  fever  there  occur  in  the  swollen  mesenteric 
glands,  peculiar  baciUi  rounded  at  their  ends,  and  occasionally  including 
within  a  pale  sheath  one  or  more  spore-hke  granules.  Gaffky  ^  may  justly 
be  said  to  have  first  successfully  isolated  and  cultivated  these  bacilli  of 
Eberth.  Gaffky  easily  demonstrated  them  by  cultivation  from  the  typhoid 
stools,  from  the  contents  of  the  ulcerated  Peyer's  glands,  from  the  swollen 
mesenteric  glands,  and  particularly  from  the  swollen  spleen.  In  sections  he 
demonstrated  them  in  large  and  small  clusters,  in  the  swollen  or  already 
ulcerated  Peyer's  glands,  in  the  swollen  mesenteric  glands,  and  in  many 
places  in  the  spleen.  Though  Gaffky  did  not  succeed  in  cultivating  them 
from  every  case,  yet  from  the  majority  of  cases  he  did  succeed.  Gaffky 
showed  that  the  bacilli  are  always  absent  from  the  circulating  blood,  while 
from  the  spleen  and  the  intestinal  contents  they  can  be  readily  isolated 
by  cultivation  and  by  staining  cover-glass  specimens.  Numerous  observers 
have  confirmed  these  statements,  and  these  bacilli  are  now,  by  many,  if  not 
most  pathologists,  considered  as  the  microbes  or  bacilli  of  typhoid  fever.  They 
are  also  known  as  Gaffky's  bacilli ;  the  individual  bacilh  are  cyhndrical  rods 
or  filaments  of  various  lengths,  possessed  in  the  fresh  state  of  active  locomo- 
tion :  the  short  ones  move  briskly,  the  longer  cylindrical  rods  or  filaments 
showing  a  pecuUar,  slow,  serpent-like  movement.  The  bacilli  grow  well 
at  16-20°  C.  on  and  in  gelatine,  better  of  course  at  25-87°  C.,  e.g.  in 
alkaline  broth,  on  agar,  in  gelatine,  on  blood  serum.  On  boiled  potato  at 
35-37°  C,  they  grow  in  a  fairly  characteristic  manner,  forming  on  it  a 
transparent  thin  pellicle,  whose  thickness  increases  as  the  growth  proceeds. 

On  the  surface  of  gelatine  they  form  colonies  visible  after  thirty- six 
hours  as  translucent  round  dots,  which  during  the  thhd  and  fourth  days 
become  flat,  translucent  plaques  with  crenate  outline  ;  under  the  micro- 
scope they  are  brownish  in  transmitted  light  and  granular ;  in  streak 
cultivation  the  line  of  inoculation  becomes  marked  after  two  to  three  days  as 
a  greyish  translucent  band,  with  uneven,  knobbed  or  crenate  outline ;  in  stab 
culture  the  stab  after  a  few  days  is  seen  as  a  grey  line  under  the  micro- 
scope, and  in  transmitted  light  it  is  made  up  of  light  brownish  droplets  ;  on 
the  surface  of  the  stab  is  a  crenate,  thin  grey  plaque.  On  agar  they  form 
a  rapidly  growing  paint-like,  cohesive,  greyish-white  to  light  brown  pellicle  ; 
broth  is  made  uniformly  turbid  after  forty-eight  hours  ;  a  greyish,  powdery, 
or  floccular  precipitate,  no  distinct  pellicle  being  formed.  The  bacilh  are 
facultatively  aerobic,  but  the  character  of  the  bacilli  in  and  on  gelatine, 
agar,  or  broth  is  not  sufficiently  marked  to  distinguish  these  bacilli  from 
many  others,  but  taking  their  appearance  in  the  fresh  state  and  in  cultures 
on  potato,  together  with  the  appearances  on  other  media,  the  diagnosis  can 
be  made  without  much  difficulty. 

Typhoid  fever  has  not  been  communicated  by  any  experimenter  to  the 
lower  animals  ;  although  septic,  toxic,  and  septic^emic  results  have  been 
produced  in  rodents  by  injection  of  typhoid  fever  stools  and  typhoid  matter, 
there  is  no  record  of  any  result  that  can  be  at  all  interpreted  as  typhoid 
fever.  Not  even  in  monkeys  has  the  writer  been  able  to  produce  positive 
results  by  feeding  them  copiously  on  typhoid  stools.  Frilnkel  and  Simmons, 
injecting  rabbits  with  considerable  quantities  of  cultures  of  the  Gaff'ky  bacillus, 
'  Mittheil.  aus  dem  kais.  Gcsundhcitsamte,  vol.  ii.,  p.  372. 
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produced  death  in  a  day  or  two  under  symptoms  and  pathological  appearances 
which  were  considered  by  those  observers  to  be  indicative  of  typhoid  fever, 
but  which  all  pathologists  now  consider  as  due  to  septic  infection.  Sirotinin, 
Beumer,  and  Peiper  ^  have  shown  that  the  broth  in  which  the  bacillus  had 
"been  growing,  injected  after  the  removal  of  the  bacilli,  produces,  according 
to  the  quantity  used,  severe  septic  intoxication  and  even  death ;  further : 
animals  (mice)  injected  with  such  a  quantity  of  the  broth  culture  as  will 
produce  illness,  but  not  death,  are  thereby  protected  against  a  (second)  fatal 
dose.  But  in  these  respects  the  toxic  character  of  the  broth  cultures  and 
the  protective  influence  of  small  quantities  of  such  cultures  against  a  (second) 
fatal  dose  is  equally  true  of  a  number  of  other  microbes,  as  has  been  shown 
by  numerous  observers  (Lowenthal,  Eoux  and  Chamberland,  Eoux  and  Yersin, 
Beumer  and  Peiper,  Salmon,  and  many  others). 

White  mice  are  in  a  large  percentage  of  cases  very  susceptible  to  the 
pathogenic  action  of  the  cultures  of  Gaffky's  bacillus;  the  majority  of  the 
mice  inoculated  with  a  small  particle  of  a  culture  under  the  skin  of  the  back 
die  in  one  to  three  days  with  symptoms  of  septicemia ;  the  blood  of  the 
general  circulation  and  the  enlarged  spleen  containing  the  bacilli  in  great 
crowds,  and  pure  cultures  on  gelatine  can  easily  be  obtained  from  these 
tissues. 

The  writer  has  met  with  bacilli  in  the  swollen  mesenteric  glands  of  a 
•child  dead  with  the  symptoms  of  acute  summer  diarrhoea,  which  microbes 
were  isolated  and  cultivated,  and  whose  cultures,  and  cover-glass  specimens 
of  such- cultures,  showed  a  remarkable  similarity  to  Gaffky's  baciUi.  In  plate 
cultivation,  in  streak  and  stab  cultures,  in  broth  and  on  potato,  no  distinction 
was  possible  between  the  two  ;  in  fresh  specimens,  and  in  stained  cover-glass 
specimens,  the  bacilU  appeared  to  be  the  same  ;  when  cultures  were  injected 
under  the  skin  of  mice  exactly  the  same  septicaemia,  with  crowds  of  bacilli 
in  the  blood  of  the  general  circulation  and  in  the  swollen  spleen,  was  the 
result.  After  a  long  investigation,  a  difference  was  found  between  the  two 
species  ;  it  is  this  :  the  bacillus  of  typhoid  fever  possesses  a  markedly  lower 
resisting  power  to  perchloride  of  mercury  than  the  bacillus  obtained  from 
"that  case  of  summer  diarrhoea  ;  the  latter  grows  fairly  well,  though  retarded, 
on  gelatiae  to  which  perchloride  of  mercury  is  added  in  the  proportion  of 
1  in  40,000,  while  such  addition  has  a  much  more  marked  restraining  power 
on  the  typhoid  bacillus. 

Eberth,  Gaffky,  and  others  maintained  that  the  typhoid  bacillus  is  capable 
■of  forming  spores  ;  in  potato  cultures  the  bacilli  constantly  show  bright 
terminal  globules  which  Gaffky  interpreted  as  spores  ;  but  Buchner  has  con- 
clusively shown  that  these  globules  are,  morphologically,  not  to  be  regarded 
as  spores,  that  they  are  to  be  seen  only  in  potato  cultures,  and  are  not 
identical  with  vacuoles  also  present,  but  that  they  represent  involution  pro- 
ducts. Both  Wiltschoud  and  Schiller  ('  Arb.  aus  d.  k.  Gesundheitsamte,'  V.) 
concur  in  this  view.  The  drying  of  a  thin  layer  of  the  culture  of  this  bacillus 
— no  matter  of  what  age  the  culture,  and  no  matter  what  the  medium  and 
whether  grown  on  the  surface  or  in  the  depth — kills  the  microbe,  and  in  this 
respect  there  is  a  striking  difference  between  real  spore-bearing  bacilH  and  the 
typhoid  bacillus.  The  writer  has  convinced  himself  also  of  the  fact  that  the 
typhoid  bacillus  never  survives  a  temperature  of  60°  C.  for  five  minutes,  and 
in  this  respect  too  it  behaves  in  a  manner  totally  different  from  spore-bearing 
bacilli. 

As  must  appear  from  the  foregoing,  the  difficulties  in  accepting  as  satis- 
factory the  evidence  concerning  the  etiological  importance  of  the  Eberth- 
'  Zeitschriftf.  Hygiene,  Band  I.,  p.  489. 
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Gaffky  bacillus  are  neither  few  nor  small :  {a)  the  bacilli  are  not  constant  in 
every  case  of  typhoid  fever ;  (&)  they  are  not  present  in  the  blood  ;  (c)  they 
occur  in  tissues  (intestinal  wall,  mesenteric  glands,  spleen)  in  which  owing 
to  the  nature  of  the  disease  serious  disorganisation  occurs,  and  therefore 
a  secondary  immigration  of  microbes  from  the  cavity  of  the  intestine  is 
hereby  much  favoured  and  facilitated,  particularly  if  it  be  remembered  that 
the  occurrence  of  the  bacilli  in  these  tissues  has,  for  obvious  reasons,  not 
been  demonstrated  before  the  second  or  third  week  ;  {d)  the  bacilli  do  not 
form  spores  ;  and  lastly,  but  not  least,  [e)  domestic  animals  are  not  susceptible 
to  typhoid  fever,  and  therefore  the  crucial  argument  cannot  be  furnished. 

That  in  typhoid  fever  this  particular  species  should  abundantly  occur — 
they  are  never  numerous  in  the  stools,  and  if  they  appear  they  are  not  to  be 
demonstrated  before  the  eighth  day  of  illness  (Wiltschoud,  St.  Petersburg, 
1887) — but  not  in  other  states,  may  only  mean  that  the  pathological  condi- 
tions of  the  intestine  in  typhoid  fever,  being  peculiar  and  sui  generis,  favour 
the  growth  and  multiphcation  of  this  particular  species  of  bacilh  more  than 
others.  It  is,  however,  by  no  means  certain  that,  as  was  once  beheved, 
these  bacilli  occur  only  in  the  stools  of  typhoid  fever  ;  the  results  of  recent 
observations  seem  to  point  to  the  conclusion  that  the  bacterium  coli  com- 
mune of  Escherich,  which  is  a  microbe  present  in  the  normal  contents  of 
the  large  intestine,  is  so  similar  in  morphological,  cultural,  and  physiological 
respects  to  the  typhoid  bacillus,  that  many  observers  cannot  distinguish  the 
one  from  the  other  (Arloing,  Koux  and  Eodet,  Congress  of  Hygiene,  1891). 
But  we  must  be  clearly  understood  that  we  do  not  deny  that  the  Eberth- 
Gaffky  bacillus  may  be  the  microbe  of  typhoid  fever  ;  we  only  wish  to  point  out 
that  anything  hke  good  and  satisfactory  evidence  in  this  respect  is  not  forth- 
coming, though  many  take  it  for  granted  that  it  has  been  proved  that  this 
bacillus  is  the  cause  of  typhoid  fever,  and  even  pretend  to  be  able  to  diagnose 
from  the  presence  of  this  bacillus  in  water  and  other  materials  that  such  water 
and  other  materials  have  been  and  are  capable  of  being  the  cause  of  typhoid 
fever.  The  utmost  that  in  such  cases  can  be  said  is  that  possibly,  perhaps 
probably,  such  water  and  other  material  has  been  contaminated  with  excre- 
mental  matter.  In  connection  with  this  the  conclusions  arrived  at  by 
Lehmann  as  to  the  uncertainty  of  identifying  the  typhoid  bacillus  outside 
the  body  ought  to  be  remembered ;  by  Babes, ^  as  to  nineteen  different 
varieties  of  typhoid  bacilli  found  in  the  bodies  of  patients  dead  of  typhoid 
fever ;  and  lastly,  of  Cassedebat,^  who  found  in  Marseilles  di'inking  water 
three  different  kinds  of  bacilli  resembling  the  typhoid  bacillus. 

The  bacilli  of  Gaffky  when  kept  in  common  drinking  water,  or  better 
still  in  sterilised  water,  gradually  diminish  in  numbers  ;  in  fact,  many  die  of 
inanition,  as  has  been  proved  by  numerous  observers.  In  this  respect  these 
bacilli  do  not  differ  from  other  non-sx^ore-bearing  baciUi. 

Malta  Fever 

Under  this  term  a  continuous  fever  has  been  described  by  Dr.  Bruce,  of 
ISIetley  (the  '  Practitioner '),  which  occurs  in  Malta,  and  until  recently  was 
confused  with  typhoid  fever,  the  symptoms  of  the  disease  being  similar  in 
both  cases,  though  from  Dr.  Bruce's  careful  account  the  temperature  cmwe 
in  Malta  fever  differs  materially  from  that  in  typhoid  fever.  No  typhoid 
bacilli  were  found  in  the  spleen  in  cases  of  Malta  fever.  The  pathology  of 
the  two  diseases  is  also  in  this  respect  different,  that  in  Malta  fever  there 
is  no  ulceration  of  Peyer's  glands,  so  characteristic  of  typhoid  fever.    The 

*  Zeitschr.  f.  Hygiene,  Band  IX.,  p.  2. 

*  Annales  de  Vlnstitut  Pasteur,  1890,  No.  10. 
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spleen  in  Malta  fever  is  usually  enlarged.  Dr.  Bruce  invariably  found  in  the 
swollen  spleen  of  nine  cases  the  same  species  of  micrococcus,  which  shows 
the  following  characters  in  microscopic  specimens  and  in  cultures.  Under 
the  microscope  the  micrococci  appear  as  small  oval  cocci,  measuring  about 
0*0008-0*001  millimetre,  not  forming  chains.  They  grow  best  in  agar  jelly 
above  22°  0. ;  at  or  below  this  temperature  they  show  no  growth,  or  only 
very  scanty  and  retarded  growth.  At  25°  C.  it  takes  about  seven  days  before 
the  growth  becomes  visible  to  the  naked  eye  ;  at  35°  C,  about  half  the  time. 
In  stab  cultures  in  agar  jelly,  there  appears  along  the  track  of  the  needle 
a  row  of  minute  white  dots,  but  on  the  upper  free  end  of  the  track  a 
characteristic  rosette-shaped  group  of  whitish  knobs  or  patches  makes  its 
appearance.  There  is  no  tendency  to  liquefaction  of  the  jelly,  and  even 
after  the  lapse  of  twenty-one  days  the  growth  on  the  surface  is  restricted 
to  the  original  point  of  starting. 

Experiments  of  inoculation  of  cultures  into  guineapigs,  rabbits,  and  mice, 
had  no  result.  But  in  one  monkey  subcutaneous  inoculation  with  a  culture 
produced  a  definite  and  well-marked  result,  inasmuch  as  it  set  up  a  severe 
fever  (temperature  rising  to  105,  106,  and  even  107°  F.),  lasting  for  twenty- 
one  days,  when  the  animal  succumbed.  The  spleen  was  found  enormously 
enlarged,  and  from  it  the  characteristic  micrococci  were  easily  obtained  by 
culture. 

Kelapsing  Fevek 

The  most  noteworthy  pathological  changes  in  this  disease  affect  the 
spleen,  the  marrow  of  the  bones,  and  the  liver  (Pomfick).  The  spleen  is 
enlarged,  due  to  increase  in  size  of  the  blood  spaces  in  the  pulp  tissue  as  well 
as  to  an  enlargement — inflammatory  hypertrophy — of  the  Malpighian  cor- 
puscles ;  in  cases  that  are  the  subject  of  o, post-mortem  examination,  the  spleen 
shows  infarct,  or  necrotic  patches  in  a  state  of  breaking  down  and  suppura- 
tion. The  same  applies  to  the  red  marrow  of  bones,  which  shows  the  same 
appearances  as  the  spleen,  viz.  as  a  rule,  inflammatory  hypertrophy,  occasion- 
ally in  severe  cases  infarct  and  necrotic  patches.  In  the  liver  the  whole 
organ  seems  enlarged,  the  liver  cells  almost  uniformly  swollen,  in  many 
lobules  opaque  and  granular  ;  in  severe  forms  there  are  larger  and  smaller 
accumulations  of  round  cells  in  the  interlobular  tissue,  extending  also 
into  the  interior  of  the  lobules ;  at  the  same  time  there  are  places  where 
in  and  around  the  central  vein  of  the  lobules  the  vessels  are  much  distended, 
with  blood  in  stasis,  thus  forming  an  infarct ;  such  a  part  is  whitish  on  naked- 
eye  view,  and  under  the  microscope  the  Hver  cells  are  opaque,  granular,  and 
show  coagulation  necrosis. 

Obermeyer  ('  Centralbl.  f.  d.  med.  Wiss.,'  1873,  No.  10)  discovered  during 
the  febrile  stage,  in  the  circulating  blood  of  patients  affected  with  this  fever, 
innumerable  spirilla  actively  motile :  they  disappear  from  the  blood  imme- 
diately before  the  end  of  the  febrile  stage. 

The  spirilla  are  very  thin  and  about  20-30-40  ^  long ;  their  move- 
ment is  that  of  rapidly  progressing  spirals.  Koch  has  demonstrated  by 
photography  of  dried  and  stained  specimens  the  presence  of  the  flagella  in 
the  spirilla.  Weigert  has  shown  that,  unlike  other  bacteria,  they  are  barren  of 
a  cellulose  sheath,  since  dilute  liquor  potassse  dissolves  the  whole  substance 
of  the  spirilla.  By  drying  and  staining  cover-glass  specimens  it  has  been 
shown  that  the  spirilla  are  uniform  spirals,  and  do  not  show  anything  that 
might  be  interpreted  as  being  made  up  of  shorter  elements,  comma  bacilU 
or  vibrios.  The  spirals  when  long  are  often  plicated,  but  their  turns  are 
always  close,  and  more  or  less  in  the  manner  of  a  corkscrew.     Immediately 
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preceding  the  febrile  stage  they  appear  in  the  blood,  grow  more  and  mora 
numerous  during  the  fever,  and  disappear  again  completely  from  the  circu- 
lating blood  before  the  fever  quite  ceases.  During  the  non-febrile  stage  they 
are  most  probably  present  in  the  spleen  and  marrow  of  bone — Birch- 
Hirschfeld  found  many  of  them  in  the  necrotic  foci  of  the  spleen — where 
perhaps  they  undergo  germination  and  reproduction.  It  is  feasible  to 
assume  that  when  during  the  febrile  stage  they  reach  the  height  of  their 
development  they  gradually  break  down,  leaving  spores  in  the  shape  of 
granules  behind :  these  are  carried  into  the  spleen  and  bone  marrow,  where 
they  accumulate.  During  the  non-febrile  stage  these  spores  germinate  here 
again,  and  gradually  grow  into  the  spirilla,  which  when  ripe  and  motile 
gradually  find  their  way  again  into  the  blood.  Such  a  view  would  well 
harmonise  with  the  facts  of  the  case  and  also  with  what  has  been  shown  to 
occur  in  regard  to  the  plasmodium  malarise.  As  a  matter  of  fact  the  spirilla 
in  the  blood  often  show  bright  granules  in  their  interior  which  might  well  be 
spores. 

Koch  has  shown  that  in  artificial  culture  the  spirilla  are  capable  of  grow- 
ing into  long  spiral  filaments  matted  together,  but  no  real  artificial  cultures 
have  been  as  yet  produced.  That  the  spirilla  are  the  real  microbes  of 
relapsing  fever  is  proved  by  the  experiments  of  Vandyke  Carter  ('  British 
Medical  Journal,'  October  1881),  who  was  the  first  to  produce  typical  re- 
lapsing fever  in  the  ape  after  injection  of  blood  of  a  patient  taken  during  the 
febrile  stage  and  containing  the  spirilla.  The  disease  produced  in  the  ape 
was  true  relapsing  fever,  and  the  animal's  blood  contained  during  the  febrile 
stage  the  identical  sphilla  in  large  numbers.  Koch,  Heydem^eich,  and 
Metschnikofi'  have  confirmed  this.  Motschutkowsky  ('  Deutsches  Archiv  f. 
klin.  Med.,'  Band  XXIV.)  has  produced  relapsing  fever  in  the  human  subject 
by  inoculation  of  blood  containing  the  spirilla. 

Metschnikoff  ('  Vh'chow's  Archiv,'  Band  CIX.,  1887)  maintains  that  the 
final  disappearance  of  the  spirilla  from  the  system,  i.e.  recovery,  is  due  to 
phagocytes,  that  is  to  say,  that  the  white  cells  of  the  spleen  tissue  eat  up 
the  spirilla,  and  thus  purge  the  system  of  them ;  but  though  spirilla  are 
found  enclosed  within  white  cells  in  the  disease  in  the  monkey,  it  does 
not  follow  that  his  view  is  correct,  for  Baumgarten  has  justly  pointed  out 
that  as  in  other  locaUties  in  other  diseases  so  also  here  in  relapsing  fever  the 
enclosure  of  the  spirilla  by  leucocytes  may  and  probably  is  only  a  result  of 
the  microbes  having  previously  been  killed  by  other  agencies  ;  for  after  this 
they  are  easily  taken  up  by  the  white  cells  just  hke  other  dead  formed  matter. 


CHAPTEE  XXI 

ASIATIC   CHOLEBA—DYSENTEBY 

The  name  '  cholera  '  is  given  to  a  group  of  acute  diseases,  which  manifest 
themselves  by  profuse  diarrhoea  of  more  or  less  fluid  evacuations  and  vomiting. 
In  severe  forms  there  are  cramps  of  the  muscles  of  the  lower  extremities, 
pain  in  the  abdomen,  coma,  and  suppression  of  urine.  But  the  causes  and 
pathology  are  widely  different  in  the  different  kinds.  There  is  first  of  all  a 
form  of  cholera  which  almost  in  all  large  cities  occurs  in  the  summer  months 
as  a  few  sporadic  cases  :  such  are  called  sporadic  or  Enghsh  cholera,  or 
cholera  nostras.    But  also  at  other  times  of  the  year  cases  occur  similar  to 
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those,  and  not  having  any  tendency  to  spread ;  such  cases  occurred  in  the  north 
of  London  in  numbers  during  the  winter  months  of  1887  ;  further,  isolated 
cases  occur  whieh  are  ascribed  to  the  eating  of  over-ripe  fruit,  of  tinned 
meat,  of  ice  cream,  of  sausages,  of  pork  pies  and  various  other  articles. 
In  these  cases  there  is  no  tendency  of  the  disease  to  spread  ;  it  only  attacks 
those  individuals  who  have  been  directly  subjected  to  the  influence  (eating) 
of  the  poisonous  matter.  But  there  is  one  form  of  cholera  which  has  this 
great  and  fundamental  character,  that  it  rapidly  spreads,  and  thus  assumes 
the  proportions  of  an  epidemic.  This  form  is  called  Asiatic  or  true 
cholera.  It  is  endemic  in  the  Delta  of  the  Ganges ;  whence  at  particular 
periods  it  spreads  over  other  parts  of  Asia,  where  its  ravages  in  some  years 
assume  terrible  proportions.  In  Europe,  Asiatic  cholera  has  repeatedly 
broken  out  epidemically,  and  then  the  fact  that  it  has  been  introduced  from  a 
previously  infected  locality  (Africa,  Asia)  has  been  fully  established.  Similarly 
its  appearance  in  America  has  thus  been  shown  to  be  due  to  introduction  from 
an  infected  locality.  It  is  not  our  object  to  consider  in  detail  the  epidemiologi- 
cal aspect  of  this  dire  malady,  but  a  few  points  bearing  on  the  subject  of  the 
etiology  will  be  mentioned  here.  First  of  all  the  fact  that  an  epidemic  of 
cholera  in  a  given  locality  outside  Asia  may,  and  often  does,  recur  the 
next  year  and  perhaps  the  third  year,  though  the  intensity  of  the  epidemic 
and  the  number  of  its  victims  gradually  becomes  lessened,  is  proved  in 
almost  every  one  of  the  several  visitations  by  cholera  of  European  countries 
(for  instance,  the  cholera  that  appeared  in  France  in  1884  and  1885,  in  Italy 
and  Spain  in  1885  and  1886).  Next  as  to  the  way  cholera  is  introduced  into 
a  new  locality.  This  has  been  proved  to  be  either  by  articles  derived  from 
an  infected  person  or  an  infected  district,  linen  soiled  by  cholera  dejecta,  or 
a  person  or  persons  suffering  from  cholera,  moving  from  one  locahty  to 
another.  In  this  move  persons  may — and  have  been  known  to  have  actually 
done  so — give  rise  to  new  foci  wherever  they  alight  and  wherever  their 
discharges  (evacuations  and  vomit)  get  access  to  drinking-water  or  food. 
Once  a  person  affected  with  cholera  enters  a  new  locality  and  his  dis- 
charges find  access  to  a  suitable  soil,  where  the  virus  is  capable  of  multiply- 
ing, a  number  of  new  foci  can  be  hereby  established,  each  of  which  in  its 
turn  may  supply  the  poison  for  water  and  articles  of  food  for  considerable 
areas.  Thus  it  happens  that  after  the  discharges  of  a  person  affected  with 
cholera  have  gained  access  to  the  soil,  where  the  virus  multiplies  and  spreads 
and  finally  finds  opportunity  to  gain  access  to  drinking  water,  this  latter 
becomes  at  once  the  means  of  producing  infection  in  a  large  number  of 
persons  partaking  of  such  water  {see  Dr.  Snow's  Keport  on  the  famous  Broad 
Street  Pump  epidemic).  Wherever  in  one  way  or  another  the  cholera  virus  is 
deposited  in  a  suitable  soil  it  multiplies  and  spreads,  and  is  capable  of  con- 
taminating articles  of  food,  fruit,  milk,  or  water,  and  thereby  causing  infec- 
tion. A  further  important  etiological  point  of  view  is  the  fact  that  while 
the  choleraic  discharges  have  been  known  to  be  the  vehicle  of  the  cholera 
virus,  there  are  cases  on  record  where  the  cholera  discharges,  though 
copiously  present  and  introduced  into  certain  locahties  in  which  all  condi- 
tions of  sanitation  were  of  the  worst  description — both  as  to  filth,  over- 
crowding, and  contamination  of  water — did  not  produce  infection.  That 
this  is  the  case  in  India  and  also  in  Europe  has  been  repeatedly  observed. 
Thus  in  India  cholera  in  anything  like  an  epidemic  form  is  observed  only 
during  certain  seasons  of  the  year,  December  to  July ;  later  than  July,  or 
earlier  than  November,  though  cases  may  and  do  occur,  or  new  cases  may  be 
and  are  introduced  into  a  locality,  as  a  rule  no  such  marked  tendency  to  spread 
and  to  assume  the  epidemic  form  is  noticed.     In  Europe,  April  till  October  are 
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the  months  in  which  cholera,  when  it  does  occur,  assumes  an  epidemic  form ; 
during  the  winter  months  cases  are  scarce,  or  with  the  winter  months  cases 
cease  altogether,  to  break  out  again  in  the  next  spring  {see  the  last  cholera 
epidemics  in  France,  Italy,  and  Spain). 

Further,  besides  season,  locality  plays  an  important  part  in  the  spread  of 
cholera.  Cholera,  as  has  been  so  often  shown,  and  as  has  been  so  much  in- 
sisted upon  by  Sir  John  Simon  in  his  writings  on  the  spread  of  infectious 
disorders,  is  essentially  a  filth  disease,  that  is  to  say,  it  depends  in  its  intro- 
duction and  in  its  spread  on  filth,  this  being  the  ground  on  which  it  grows 
and  multiplies  luxuriantly,  and  it  is  such  filth  that  gives  infective  power  to 
water  and  food  stuffs.  But  although  what  health  officers  term  '  insanitary 
conditions '  play  the  very  first  ivle  in  the  introduction  and  spread  of  cholera, 
yet  there  are  localities  which,  notwithstanding  their  highly  insanitary  con- 
ditions, seem  nevertheless  unsuitable  for  the  disease  taking  any  strong 
footing  (Lyons,  Eome).  Such  localities  possess  a  certain  immunity  against 
cholera,  an  immunity  which  has  always  seemed  to  offer  a  serious  obstacle 
to  the  assumption — almost  generally  made — that  the  cholera  dejecta  per  se 
in  the  fresh  condition  contain  the  actual  cholera  virus.  Von  Pettenkofer, 
Dr.  Cuningham,  the  late  Sanitary  Commissioner  to  the  Government  of 
India,  Drs.  Lewis  and  D.  D.  Cunningham,  and  many  others,  who  have 
studied  the  various  outbreaks  of  cholera  in  India  and  Europe,  have  always 
insisted  on  this  fact,  viz.  that  unless  season  and  particularly  locahty  are 
favourable,  cholera  dejecta,  though  deposited  and  introduced  in  large  quan- 
tities, do  not  seem  to  exert  infective  properties.  It  is  therefore  assumed 
— to  explain  this  peculiar  behaviour  of  the  cholera  virus — that  the  cholera 
dejecta  contain  the  virus  only  in  posse,  that  this  for  its  'ripening'  requires 
to  be  deposited  in  a  suitable  soil ;  that  is  to  say,  a  soil  in  which  it  can 
live  and  thrive,  and  in  which  it  can  reach  and  attain  that  form  in  which 
it  becomes  infective  to  those  whose  alimentary  canal  it  enters.  That 
most  cases  of  cholera  are  brought  about  by  contaminated  water  and  food, 
or,  to  speak  generally,  by  the  alimentary  canal,  is  almost  a  universally 
admitted  axiom,  and  it  would  appear  that  the  infective  stage  of  the  cholera 
virus  which  it  attains  after  sojourning  in  a  suitable  soil  is  something  com- 
parable to  a  spore  stage.  We  shall  see  later  on  from  other  etiological  reasons 
that  this  is  most  probably  the  case,  and  we  shall  give  several  instances  in 
which  cholera  dejecta,  though  abundantly  introduced  in  certain  locahties,  did 
not  produce  infection. 

In  Asiatic  cholera  one  of  the  most  conspicuous  symptoms  is  the  diarrhoea 
of  thin  watery  evacuations,  associated  with  vomiting.  When  a  cholera 
patient  succumbs  during  the  first  twenty-four  to  fifty  hours  of  the  disease 
the  post-mortem  appearances  are  these  :  In  a  number  of  cases  the  serous 
covering  of  the  stomach,  jejunum,  and  ileum  shows  redness,  is  pale 
rose-coloured,  either  patchy  or  diffuse,  with  a  sticky  thin  layer  of  exuda- 
tion ;  the  same  sticky  exudation  is  found  on  the  mesentery  ;  the  mucous 
membrane  of  the  jejunum  and  ileum,  particularly  the  latter,  is  tumid  and 
injected  ;  this  is  especially  noticeable  in  the  lower  ileum,  where  here  and  there 
deeply  congested  patches  occur  in  the  mucous  membrane.  The  epithelium 
of  the  mucous  membrane  throughout  the  small  intestine  is  detached  in  flakes 
or  is  only  loosely  adherent ;  by  placing  the  opened  intestine  under  water 
the  epithehum  is  seen  to  be  in  the  process  of  detaching  itself  from  the 
villi  in  large  areas  ;  the  small  intestine  is  distended  and  its  cavity  contains  a 
more  or  less  colourless,  watery  fluid  in  which  numerous  small  or  large 
mucus  flakes  are  suspended.  Under  the  microscope  these  are  made  up  of  a 
homogeneous  mucus  basis  in  which  are  enclosed  epithehal  cells  of  the  sur- 
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face  either  isolated  or  more  generally  in  small  or  large  groups  ;  some  of  these 
flakes  are  entirely  made  up  of  groups  of  epithelial  cells.  These  are  the  cases 
which,  during  hfe,  voided  large  quantities  of  fluid,  watery  evacuations — per 
mouth  and  rectum — and  in  which  numerous  mucus  flakes  are  suspended. 
Owing  to  this  condition,  the  evacuations  are  called  rice-water  evacuations ; 
these  cases  are  most  typical  also  in  other  respects,  viz.  violent  symptoms 
of  vomiting  and  purging  of  rice-water-like  fluid,  great  fall  of  temperature 
in  the  first  stage — stadium  algidum,  cold  extremities,  violent  and  painful 
cramps  in  the  calves,  sunken  eyes,  ghastly  look  of  face,  small  hollow  voice, 
suppression  of  urine. 

Not  only  the  small  intestine  but  also  the  large  intestine  contains  that 
watery  rice-water-hke  fluid,  though  in  the  earher  stages  lumps  of  faecal 
matter  may  be  still  discerned  in  the  lower  parts  of  the  colon.  If  during  hfe 
copious  rice-water  stools  have  passed  off,  the  large  intestine  is  found  post 
"mortem  to  be  void  of  sohd  f^ces.  In  another  set  of  cases,  also  ending 
fatally,  during  the  first  day  or  two,  though  the  contents  of  the  small  intestine 
.are  fluid,  they  yet  contain  coloured,  thin,  almost  fluid  f^ces,  often  mixed 
with  blood  ;  in  these  cases  the  mucous  membrane  of  the  ileum  shows  petechise 
.and  hsemorrhagic  patches.  If  death  takes  place  after  the  first  stage  or  the 
stadium  algidum,  i.e.  during  the  typhoid  stage,  the  small  intestine  contains 
little  of  the  fluid  matter,  though  the  general  injection  of  the  mucous  mem- 
brane is  still  distinct ;  in  these  cases  the  large  intestine  contains  fsecal 
matter.  The  kidneys,  spleen,  and  hver  show  venous  congestion,  so  do  the 
cord  and  brain  ;  the  pia  mater  particularly  is  much  injected. 

Examining  microscopically  the  intestinal  discharges  of  acute  cases  of 
cholera  one  notices  besides  detached  epithelial  cells  and  mucous  corpuscles, 
numerous  bacteria  belonging  to  different  species  of  micrococci  and  bacilh. 
Some  there  are  amongst  them  which  are  comma-shaped,  i.e.  curved,  cylin- 
drical rods,  single  or  double,  or  S -shaped ;  they  are  motile,  spinning  round 
or  moving  in  a  spiral ;  they  are  of  different  lengths  and  of  different  amount  of 
curvature,  but,  as  cultivation  experiments  show,  all  belong  to  the  same  species; 
namely,  the  comma  baciUi,  or  vibrios  or  spirilla  of  Koch,  discovered  by  him 
as  constantly  present  in  the  acute  stages  of  Asiatic  cholera,  and  as  showing 
definite  cultural  characters.^  There  exist,  however,  considerable  differences 
with  regard  to  the  number  of  these  comma  bacilli  present.  In  some  acute 
cases  with  typical  rice-water  stools  the  mucus  flakes  or  the  intestinal  fluid 
contain  these  comma  bacilli  in  enormous  numbers,  almost  to  the  exclusion  of 
other  bacteria ;  such  is  the  case  in  some  typical  cases  in  the  mucus  flakes 
taken  directly  from  the  watery  contents  of  the  ileum,  though  the  mucus 
flakes  taken  in  the  same  body  from  the  jejunum,  in  all  other  respects 
identical,  contain  but  few  of  these  comma  bacilli.  In  other  equally  typical 
acute  cases  they  are  scanty,  other  bacteria  being  very  numerous.  The 
writer  cannot  confirm  Koch  when  he  says  that  the  more  acute,  severe,  pure 
and  typical  a  case,  i.e.  the  more  the  intestine  contains  only  the  rice-water 
fluid  with  mucus  flakes,  the  more  numerous  are  the  comma  bacilli  in  the  con- 
tents of  the  lower  ileum,  since  the  writer  did  not  find  this  definite  relation 
to  exist  either  with  regard  to  the  severity,  acuteness,  or  purity  of  the  case. 
Some  cases  there  no  doubt  are  in  which  the  mucus  flakes  of  the  rice-water 
stools  directly  taken  from  the  contents  of  the  lower  ileum  are  crowded  with 
the  comma  bacilli,  but  in  a  considerable  percentage  of  typical  cases  this 
condition  does  not  obtain ;  there  are  comma  bacilli  present,  but  on  the  whole 
they  appear  scarce.  The  epithelial  flakes  detached  and  suspended  in  the 
contents  of  the  ileum,  as  well  as  the  epithelial  flakes  loosened  but  not  quite 
'  Conferenz  zur  Erorterung  der  Cholerafrage,  Berliner  hi.  Woch.,  31, 1884. 
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detached  from  the  mucous  membrane,  both  of  the  villi  and  of  the  mouth 
of  the  Lieberkiihn's  follicles,  contain  comma  bacilli  as  well  as  other  bacteria. 
In  sections  through  the  hardened  mucous  membrane  of  the  ileum  one  can 
find  sometimes  comma  bacilli  as  well  as  other  bacteria  within  the  tissue  of 
the  superficial  mucosa  denuded  of  epithelium,  and  in  the  cavity  of  the  Lieber- 
kiihn's foUicles,  and  in  spaces  artificially  produced  by  the  loosening  and 
detachment  of  the  epithelium  of  the  Lieberkiihn's  foUicles,  but  their  presence 
in  these  locahties  is  due  to  immigration  from  the  free  surface  into  a  dis- 
organised mucous  membrane,  and  neither  bears  any  relation  to  the  onset 
nor  to  the  severity  of  the  illness.  Where  the  comma  bacilli  are  scarce  in  the 
intestinal  contents,  they,  or  other  bacteria,  are  altogether  missed  from  the 
mucosa ;  where  they  are  abundant  in  the  contents  and  on  the  surface,  and 
where  the  moribund  stage  lasted  for  hours,  they  penetrate  from  the  surface 
into  the  disorganised  mucous  membrane. 

Li  the  illustrations  accompanying  this  part,  comma  bacilli  are  shown 
as  occurring  in  fresh  mucus  flakes  of  typical  acute  cases  of  Asiatic  cholera, 
and  it  will  be  seen  from  these  that,  as  regards  size,  curvature,  and  numbers, 
there  exist  considerable  differences.  The  comma  bacilli  are  met  with  in 
almost  all  cases  of  Asiatic  cholera,  beginning  with  those  that  show  as  yet 
only  diarrhoea,  more  or  less  profuse,  up  to  those  that  have  shown  all 
the  typical  characters,  with  vomiting  and  purging  of  copious  rice-water 
evacuations.  After  the  acute  stage  has  passed,  and  the  typhoid  stage  has 
set  in,  the  comma  bacilH  become  less  numerous,  and  gradually  disappear,  so 
that  when  after  three,  four,  or  five  days  the  evacuations  again  assume 
the  character  of  faces,  the  comma  bacilli  are  either  only  found  with  diffi- 
culty or  are  altogether  missed ;  in  fact,  in  cases  in  which  they  are  scarce  at 
the  earlier  stages,  they  are  not  to  be  seen  later  than  the  third  day. 

If  cholera  stools,  particularly  rice-water  stools,  are  kept  for  a  day  or  so, 
one  meets  with  comma  bacilli  which  have  formed  spirilla  ;  some  are  wavy 
threads,  others  are  distinctly  corkscrew-shaped,  some  short,  others  long ;  in 
dried  and  stained  preparations  many  of  these  spirilla  are  seen  to  be  chains  of 
comma  bacilli ;  spirilla  are  occasionally  found  even  in  the  fresh  stools  or 
fresh  mucus  flakes,  but  as  a  rule  the  comma  bacilli  are  present  as  single 
vibrios  or  as  dumb-bell  vibrios,  i.e.  S-shaped  forms.  As  regards  the  amount 
of  curvature  and  length  of  the  individuals  there  exist  great  variations  {see 
figs.  87  and  88). 

The  comma  baciUi  of  Asiatic  cholera  show  on  cultivation  in  nutrient 
gelatine  well-defined  appearances,  which  together  with  their  morphological 
characters  enable  us  to  recognise  them,  so  much  so  that  in  suspicious  cases  of 
cholera  their  demonstration  by  cultivation  in  the  evacuations  is  of  diagnostic 
value.  But  in  connection  with  this  it  must  be  borne  in  mind  that  in  some 
early  cases  or  in  non-typical  cases  their  demonstration  by  the  culture  test, 
owing  to  the  vast  predominance  of  other  bacteria,  is  a  matter  of  some  diffi- 
culty. Where  they  are  present  in  large  numbers  their  demonstration  by  the 
culture  test  is  a  matter  of  comparative  ease.  All  that  is  necessary  is  to  place  a 
small  particle  of  the  evacuation  in  a  few  (8-10)  cubic  centimetres  of  sterile 
(well  boiled)  salt  solution,  shake  it  up  well,  and  then  with  a  droplet  of  this 
inoculate  nutrient  gelatine,  contained  in  a  test-tube,  liquefy  the  gelatine 
in  warm  water,  shake  up  and  then  pour  it  on  sterile  glass  dishes  for  the 
object  of  plate  cultivations.  A  particle  of  a  mucus  flake  of  a  rice-water  stool, 
rich  in  the  comma  bacilli,  diluted  with  several  cubic  centimetres  of  sterile 
salt  solution,  and  a  trace  of  this  mixture  used  for  plate  cultivation,  yields 
large  numbers  of  colonies  of  the  comma  bacilli.  These  show  themselves 
(at  20°  C.)  after  thirty-six  to  forty-eight  hours  as  greyish  white  minute  specks 
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barely  visible  to  the  unaided  eye  ;  after  three  days  they  are  distinctly  visible 
as  small,  clear,  circular  depressions,  due  to  liquefaction  of  the  gelatine  within 
this  depression.  In  the  centre  of  the  depression  is  a  round,  greyish  speck 
surrounded  by  clear,  liquefied  gelatine ;  looked  at  under  a  lens  this  speck 
appears  granular,  with  a  more  or  less  uneven  margin  ;  in  the  centre  of 
the  speck  is  a  more  opaque,  round  granule.  Each  of  these  colonies  gradually 
enlarges ;  the  zone  of  clear,  liquefied  gelatine  becomes  broader,  and  the 
whitish  central  speck  or  patch  enlarges ;  where  the  colonies  lie  close 
together  at  the  outset,  the  progressing  liquefaction  soon  produces  a  coales- 
cence of  the  adjoining  colonies,  and  then  we  get  a  number  of  circular  zones  of 
clear,  liquefied  gelatine,  each  with  a  central  grey  patch,  the  zones  being  fused 
together  at  the  points  of  contact.  When  during  further  growth  the  gelatine 
becomes  liquefied  over  extensive  areas,  the  outlines  of  the  original  colonies 
are  lost,  and  on  the  surface  of  the  clear,  liquefied  gelatine  are  thin,  filmy 
flakes,  and  at  the  bottom  minute  whitish  granules.  In  all  stages,  before 
and  after  the  liquefaction  of  the  gelatine  has  become  well  pronounced,  there 
are  found  under  the  microscope  rapidly  motile  vibrios,  single  commas, 
S-shaped  dumb-bells,  and  numerous  longer  or  shorter  spirilla,  chains  of 
commas,  some  wavy,  others  uniformly  spiral.  The  above-named  '  granules  ' 
and  '  flakes '  are  masses  of  commas  and  spirals  intimately  matted  together, 
and  when  examined  in  the  fresh  state  look  hke  so  many  clumps  of  different 
shapes,  rapidly  revolving. 

In  stab  culture  in  gelatine  the  characters  of  these  comma  bacilli  are  also 
well  marked ;  they  are  accurately  represented  in  Plate  XXX.,  and  need  not 
further  be  described. 

After  several  days  to  a  fortnight,  there  is  noticed  a  distinct  pellicle  on. 
the  surface  of  the  liquefied  gelatine  :  this  latter  is  clear,  but  contains  a  few 
whitish  granules  marking  the  outline  of  the  funnel-shaped  channel  of 
liquefied  gelatine. 

Alkaline  broth  (at  36-38°  C.)  is  slightly  turbid  even  after  twenty-four 
hours'  growth  :  the  turbidity  increases  during  the  succeeding  days.  After  a 
week  or  so  the  superficial  layers  become  gradually  clearer,  and  this  clearing^ 
extends  steadily  and  insensibly  towards  the  deeper  layers ;  hand  in  hand  with 
this  goes  the  deposit  of  a  greyish  white  powdery  precipitate  ;  a  more  or  less 
distinct  pellicle  is  noticed  after  a  few  days,  and  gradually  increases  in  thickness. 
Under  the  microscope  the  comma  bacilli  in  the  fluid  and  in  the  pellicle  are 
seen  to  be  connected  with  beautiful  spirilla,  some  of  these  of  great  lengths, 
some  as  many  as  twenty  to  thirty  turns,  the  long  spirilla  more  or  less 
plicated  and  bent. 

The  growth  on  agar  mixture  is  not  characteristic,  being  in  the  form  of 
thin,  translucent  patches  and  films,  with  rounded  or  knobbed  outline,  assuming 
as  growth  goes  on,  i.e.  after  some  days,  a  slight  brownish  tint. 

On  boiled  potato  the  comma  bacilli  grow  only  at  temperatures  above 
25°  C. ;  at  86°  they  form  after  a  few  days  a  thick,  smeary,  brown  film. 
Comma  bacilH  grow  well  and  rapidly,  if  mucus  flakes  of  a  cholera  intes- 
tine containing  numerous  comma  bacilli  are  placed  on  linen  kept  damp. 
After  twenty-four  hours  the  comma  bacilli  have  increased  to  an  enormous 
extent,  almost  to  the  exclusion  of  other  bacteria  originally  present,  provided 
these  were  at  the  outset  less,  numerous  than  the  comma  bacilli.  Loffler  has 
photographed  the  flagella,  after  staining  by  means  of  a  new  method ;  there  are 
always  present  several  flagella  at  one  end  of  each  comma  bacillus. 

Comma  bacilli  grow  well  and  luxuriantly  between  17°  and  40°  C,  on 
almost  anything — paste,  boiled  egg,  turnip,  cucumber,  cabbage,  bread,  meat, 
various  fruits.  &c.     They  grow  best  at  85-37°  C,  if  the  medium  is  faintly 
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alkaline ;  but  they  grow  also  on  neutral  medium,  and  even  on  some  media 
which  are  slightly  acid,  like  potato  and  fruit.  The  writer  has  seen  comma 
bacilli  which,  having  started  on  nutrient  gelatine,  kept  for  a  few  days  at 
20°  C,  continued  to  grow  slowly  but  steadily,  the  gelatine  being  then  kept  at 
15-16°  C.  Comma  bacilh  gradually  die  off  if  nutriment  is  insufficient,  e.g. 
in  distilled  water ;  they  are  gradually  killed  in  f^cal  matter ;  and  they  do 
not  grow  well  in  the  absence  of  oxygen. 

In  all  cultivations  of  the  comma  bacilli  one  meets  with  forms  which 
differ  from  the  typical  curved,  cylindrical  vibrios,  in  so  far  as  they  are  much 
thicker,  plano-convex,  bi-convex,  or  even  approaching  the  spherical  shape 
with  a  clear  vacuole  in  the  middle.  In  well-stained  and  well-washed  specimens 
also  the  most  typical  comma  bacilli  show,  within  the  sheath,  the  protoplasm 
<;ollected  at  the  ends — as  a  granule  at  each  end — whereas  the  middle  part 
remains  clear.  The  above  atypical  forms  are  merely  further  developments 
of  their  normal  form,  caused  by  the  enlargement  of  the  central  clear 
space  or  vacuole.  Such  atypical  forms  are  to  be  met  with  in  all  cultures  ; 
their  number,  however,  varies  greatly  with  the  character  of  the  culture. 
If  comma  bacilli,  originally  derived  from  the  cholera  intestine,  are  carried 
through  many  successive  sub-cultures  in  gelatine,  say  one  or  two  dozen, 
the  number  of  such  atypical  bi-convex  or  spherical  forms  is  found  greatly 
increased  after  a  few  days'  growth.  The  writer  has  in  his  possession  cul- 
tures of  choleraic  comma  bacilli  obtained  from  Calcutta' direct  from  the 
choleraic  intestine.  For  six  months,  sub-cultures  were  carried  on  through 
fifteen  or  twenty  generations ;  all  cultures  made  in  broth,  in  gelatine,  or  in 
agar  mixture  by  this  time  showed  during  the  first  few  days  all  and  every 
comma  bacillus  of  a  spherical  shape  ;  these  were  possessed  of  active  motihty 
and  were  of  different  sizes.  After  several  more  days,  typical  curved  vibrios 
gradually  made  their  appearance  in  the  culture  until  only  these  were  present. 
Plate  cultivations  prove  most  decidedly  that  at  all  times  the  culture  is  pure, 
but  m  every  sub-culture  the  above  spherical  actively  moving  forms  are  at 
first  present  in  large  numbers  (fig.  91). 

The  writer  has  in  another  place  shown  that  such  actively  motile  spherical 
forms  by  division  give  origin  to  two  or  even  three  comma-shaped,  or  more  or 
less  semicircular  comma  bacilh.  The  spherical  forms  are  met  with  in  numbers 
also  in  agar  culture,  if  the  agar  mixture  is  at  starting  of  neutral  reaction,  but 
they  are  abundant  in  all  media  (broth,  gelatine,  agar)  after  the  cholera  culture 
has  been  carried  through  many  generations  of  sub-cultures.  Such  modified 
comma  bacilli  grow  in  gelatine  somewhat  more  slowly  than  the  recent 
ones,  i.e.  those  recently  derived  from  the  cholera  intestine. 

Comma  bacilli  under  culture  rapidly  undergo  degeneration  into  granular 
Mhris  ;  in  fact,  a  good  deal  of  the  white  deposit  in  gelatine  and  broth  cultures 
is  due  to  their  d&bris.  Degeneration  goes  on  comparatively  more  rapidly  in 
agar  culture  than  in  gelatine  cultures.  It  is  a  notorious  fact  that  on  the 
surface  of  agar  cultures  the  whole  of  the  growth  is  found  dead  after  from 
a  few  to  several  months,  so  that  no  new  culture  can  be  started  from  such 
an  old  culture.  This  degeneration  and  death  occur  sooner  or  later  hi  all 
cultures ;  this  alone  proves  sufficiently  that  the  comma  bacilli  do  not  form 
permanent  seeds  or  spores.  Koch  has  proved  by  many  experiments  of 
drying  that  the  comma  bacilh  are  invariably  killed  by  drying,  unhke  spore- 
bearing  bacUh,  and  that  at  no  time  do  the  comma  bacilh  form  spores.  Heat- 
ing cultures  (old  or  recent)  of  comma  bacilli  to  60°  C.  for  five  minutes 
invariably  kills  the  cultures— a  proof  that  no  spores  are  formed.  The  asser- 
tion of  Hueppe  that  the  terminal  granules  observed  in  comma  bacilh  are 
.spores,  viz.  arthrospores,  is  definitely  negatived  by  the  above  direct  experiments. 
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Comma  bacilli  of  cholera  mucus  flakes  or  of  cultures,  recent  or  old,  are 
Ijilled  by  acids,  e.g.  a  fluid  containing  0*2  per  cent,  hydrochloric  acid,^  so  that 
the  normal  acid  fluid  of  the  stomach  kills  the  comma  bacilli ;  also  this  is 
opposed  to  there  being  spores  present  in  the  comma  bacilli. 

The  comma  bacilli  occur  in  cholera  as  a  rule  only  in  the  cavity  of  the 
small  and  large  intestines,  chiefly  the  lower  part  of  the  ileum  and  large  intes- 
tine ;  no  bacteria  occur  in  the  blood  or  other  tissues.  Comma  bacilh  and  also 
other  bacteria  may  and  sometimes  do  immigrate  into  the  disorganised  tissue 
of  the  wall  of  the  ileum,  and  in  a  few  cases  have  been  traced  even  as  far  as 
the  hver  and  gall  bladder ;  but  in  the  large  majority  of  cases  the  comma 
bacilh  are  limited  to  dead  tissues,  i.e.  the  contents  of  the  ileum  and  large 
intestine  and  the  superficial  dead  and  disorganised  parts  of  the  internal 
surface  of  the  mucous  membrane  of  the  ileum.  For  this  reason  Koch 
maintained  that  the  disease  is  caused  by  a  chemical  poison — a  kind  of 
ptomaine  —  which,  being  elaborated  by  the  comma  bacilli  within  the 
ileum,  is  absorbed  into  the  blood,  and  hereby  sets  up  the  disease  cholera. 
We  have  mentioned  above  that  the  facts  of  the  case  prove  that  the  comma 
bacilli  are  not  found  in  the  mucous  membrane  of  the  ileum  unless  as  the  result 
of  secondary  immigration,  and  therefore  the  explanation  of  the  chemical  poison 
elaborated  by  the  comma  bacilli  in  the  cavity  of  the  intestine  being  absorbed 
is  not  well  supported  ;  for  it  would  require  us  to  assume  that  at  the  time  that 
the  comma  bacilli  are  notoriously  few,  i.e.  at  the  onset  of  the  disease,  suffi- 
cient of  the  chemical  poison  is  already  present  to  produce  the  symptoms  of 
cholera,  whereas,  as  a  matter  of  fact,  the  comma  bacilli  are  only  present  in 
large  numbers — and  this  only  in  a  minority  of  cases — when  the  typical 
disease  with  typical  rice-water  stools  has  well  set  in.  But  it  must  be  evident 
from  the  nature  of  the  disease,  that  at  this  stage  the  intestinal  wall  can 
hardly  be  in  a  state  capable  of  absorbing  anything ;  on  the  contrary,  large 
quantities  of  fluid  are  poured  out  from  its  mucous  membrane.  If  the  comma 
bacilli  were  present  in  considerable  numbers  in  the  mucous  membrane  at  the 
•onset  of  the  disease,  one  could  understand  that  producing  the  chemical 
poison  in  sufficient  quantities  the  absorption  of  this  would  set  up  the  symp- 
toms of  the  disease ;  but  the  actual  facts  follow  in  exactly  the  reverse  order, 
viz.  the  comma  bacilli  are  scarce  at  first,  and  cceteris  paribus  become  more 
numerous  as  the  symptoms  of  the  disease  become  more  pronounced,  and 
when  they  are  found  abundant  the  typical  disease  has  well  set  in.  The 
comma  baciUi  in  the  cholera  intestine  are  then  present  only  in  practically 
dead  tissues,  the  fluid  and  detached  mucus  flakes  of  the  contents  of  the 
ileum.  And  further,  though  the  whole  small  intestine  offers  in  typical  acute 
cases  the  same  appearances,  the  whole  of  the  jejunum  and  ileum  being  filled 
with  fluid  and  containing  mucus  flakes,  yet  we  find  the  comma  baciUi  chiefly, 
generally  solely,  in  the  lower  ileum,  thus  indicating  that,  like  putrefactive 
bacteria,  they  increase  in  numbers  as  the  large  intestine  is  approached. 
The  comma  bacilli  of  Asiatic  cholera  produce  in  artificial  cultivations  toxic 
chemical  products,  cadaverine  (Hueppe),  such  as  are  produced  by  various 
putrefactive  bacteria ;  these  products  injected  in  sufficient  quantities  into 
rodents  are  capable  of  rapidly  setting  up  intoxications  leading  to  death.  The 
comma  bacilh  of  Finkler,  and  the  comma  bacilh  of  Deneke,  although  differmg 
in  cultural  characters  from  the  choleraic  comma  bacilh,  produce  the  same  toxic 
substance,  cadaverine.  Finkler' s  comma  bacilli  are  not  peculiar  to  the  intes- 
tinal contents  in  sporadic  cholera,  as  was  first  believed  by  Finkler  and  Prior, 
for  Frank  and  Kartulis  have  not  found  them  in  cases  of  sporadic  cholera, 
but  they  have  been  isolated  by  Brieger  from  the  fsecal  matter  of  the  normal 

•  Koch,  Watson  Cheyne  (Brit.  Med.  Journal,  1885). 
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intestine  ;  yet,  as  we  have  pointed  out,  these  comma  bacilU  of  Finkler  are 
capable  of  producing  the  very  same  toxic  substance,  cadaverine  ;  so  also  the 
comma  bacilli  of  Deneke,  found  by  him  in  stale  cheese.  There  are  other 
notorious  saprophytes  which  have  been  proved  to  be  capable  of  producing 
similar  toxic  principles. 

The  comma  bacilh,  then,  do  not  differ  from  some  putrefactive  bacteria 
in  this  power  of  producing  toxic  substances  in  certain  albuminous  culture 
fluids.  Van  Ermengem  ^  has  first  shown  that  those  chemical  poisons  are  not 
produced  by  the  choleraic  comma  bacilli  in  all  culture  media  to  the  same 
extent ;  while  in  broth  and  gelatine  httle  of  them  is  produced,  in  aqueous 
humour  and  in  serum  they  produce  them  rapidly  in  large  quantities. 
Further,  Hueppe  has  shown  that  in  white  of  egg  (growing  anaerobically  in 
the  egg)  the  choleraic  comma  bacilh  rapidly  produce  toxic  cadaverine. 
The  choleraic  comma  bacilli  produce  in  artificial  cultures  indol  and  nitrites 
(Salkowski),  hke  many  putrefactive  bacteria. 

Bujwid  ^  was  the  first  to  show  that  broth  cultures  of  comma  bacilh,  in- 
cubated at  37°  C,  give  with  ordinary  hydrochloric  acid,  or  nitric  or  suphuric 
acid,  a  definite  colour  reaction  of  red-purple — the  cholera  red.  Dunham  ^  has 
found  that  for  this  reaction  the  presence  of  peptone  in  the  broth  is  essen- 
tial, and  that  other  comma  bacilli  (Finkler's  and  Deneke's)  also  show  this 
reaction,  though  in  a  lesser  degree.  Salkowski  showed  that  this  reaction 
is  closely  associated  with  the  formation  of  indol  and  nitrites  in  the  cul- 
ture fluid  by  the  comma  bacilli.  Thus  far  we  see,  then,  that  in  chemical 
respects  the  choleraic  comma  bacilli  do  not  differ  from  other  putrefactive 
bacteria. 

Since  they  are  capable  of  producing  toxins,  it  follows  that  when  they 
have  an  opportunity  of  multiplying  sufficiently  they  produce  a  sufficient 
amount  of  the  toxic  substance  cadaverine,  and  thereby  are  capable  of  produc- 
ing acute  poisoning.  The  experiments  of  Van  Ermengem  prove  that  where 
this  chemical  substance  is  produced  in  sufficient  quantities  (e.g.  in  aqueous 
humour  or  serum)  even  small  quantities  injected  into  rodents  (guineapigs) 
produce  acute  intoxication.  Van  Ermengem  further  showed,  and  in  this  his 
views  have  been  confirmed  and  extended  by  the  observations  of  McLeod  and 
Mills  ('  Eeports  from  the  Laboratory  of  the  Eoyal  College  of  Physicians,'  Edin- 
burgh, vol.  i.),  that  if  in  the  intestine  of  a  guineapig  the  comma  bacilli  can 
be  brought  into  rapid  multiplication  {see  below),  the  intestinal  fluid  teeming 
with  the  comma  bacilli  contains  those  same  toxic  principles  in  a  concentrated 
form,  so  that  a  small  quantity  of  it  injected  into  a  fresh  guineapig  produces 
intoxication  and  death.  In  order  to  produce  a  similar  intoxication  in  guinea- 
pigs  with  broth  cultures  or  gelatine  cultures  it  is  necessary  to  inject  con- 
siderable quantities  of  these  cultures.  In  some  cases  it  is,  however,  possible  to 
produce  a  septicsemic  infection  in  mice  or  guineapigs  by  subcutaneous  mjec- 
tion  of  cultures  of  comma  bacilli.  Koch  has  succeeded  in  mice,  Ferran  and 
Dr.  D.  D.  Cunningham  have  succeeded  in  guineapigs,  the  writer  has  in  several 
instances  by  using  large  doses  of  culture  fluid  (0-5-2  c.c.)  succeeded  in  pro- 
ducing such  septicsemic  infection  in  guineapigs,  equally  with  choleraic 
comma  bacilli  or  with  Finkler's  comma  bacilH,  the  blood  and  the  tissues 
containing  crowds  of  the  comma  bacilli.  Dr.  D.  D.  Cunningham  has  in 
several  instances  succeeded  in  producing  such  septicsemic  infection  and 
death,  the  blood,  the  exudation  on  the  serous  covering  of  the  mtestine,  and 
the  intestinal  contents  containing  an  abundance  of  comma  bacilli. 

All  these  experiments,  however  interesting  they  may  be,  do  not  throw  any 

^  Eecherches  sur  le  viicrobe  du  ChoUra  Asiaiiquc,  Brussels,  1885. 
2  Zeitschriftf.  Hygiene,  II.,  p.  52.  ^  Ibid.,  p.  337. 
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real  light  on  the  question  whether  or  not  the  comma  bacilli  are  the  real  cause 
of  cholera ;  they  only  show  that  towards  rodents  the  choleraic  comma  bacilli 
behave  like  so  many  other  notoriously  putrefactive  microbes,  e.g.  the  Naples 
bacillus  of  Von  Emmerich,  the  bacterium  of  Brieger  isolated  from  normal 
human  f^cal  matter,  the  bacillus  of  Bienstock,  the  comma  bacillus  of 
Finkler,  &c. 

But  it  is  asserted  that  the  comma  bacilli  when  introduced  into  the  small 
intestine  in  a  hving  state  are  capable  of  setting  up  an  acute  illness  resembling 
Asiatic  cholera,  and  death. 

Koch  in  his  first  pamphlet  on  cholera  (I.e.,  p.  27)  told  us  that  he  had 
made  every  imaginable  effort  to  produce  cholera  in  animals  experimentally. 
The  experiments  of  feeding  white  mice  with  cholera  dejecta,  first  made  by 
Tiersch  and  then  by  Burdon  Sanderson,  were  repeated  by  Koch  over  and 
over  again  on  fifty  white  mice  fed  with  this  material  (dejecta  of  cholera 
patients,  and  the  contents  of  the  intestine  of  cholera  corpses)  and  with 
•choleraic  material  after  it  had  begun  to  decompose,  but  no  result  whatever 
followed  ;  the  mice  remained  healthy.  '  We  then  made  experiments  on  mon- 
keys, cats,  poultry,  dogs  and  various  other  animals  that  we  were  able  to  get 
hold  of,  but  we  were  never  able  to  arrive  at  anything  in  animals  similar  to 
the  cholera  process.  In  precisely  the  same  manner  we  made  experiments 
with  the  cultivations  of  comma  bacilli ;  these  were  given  as  food  in  all  stages 
•of  development.  When  experiments  were  made  by  feeding  animals  with  large 
quantities  of  comma  bacilli,  on  killing  them  and  examining  the  contents  of 
their  stomachs  and  intestines  with  a  view  to  find  comma  bacilH,  it  was 
seen  that  the  comma  bacilli  had  already  perished  in  the  stomach,  and  had 
usually  not  reached  the  intestinal  canal.  .  .  .  The  comma  baciUi  had  been 
destroyed  in  the  stomachs  of  these  animals.  .  .  .  The  experiment  was  there- 
fore modified  by  introducing  the  substances  direct  into  the  intestines  of  the 
animals.  The  abdomen  was  opened,  and  the  liquid  was  injected  immediately 
into  the  small  intestine  with  a  Pravaz  syringe.  The  animals  bore  this 
very  well,  but  it  did  not  make  them  ill.  We  also  tried  to  bring  the  cholera 
dejecta  as  high  as  possible  into  the  intestines  of  monkeys  by  means  of  a  long 
catheter.  This  succeeded  very  well,  but  the  animals  did  not  suffer  from  it.' 
'  I  must  also  mention,'  says  Koch, '  that  purgatives  were  previously  administered 
to  the  animals  in  order  to  put  the  intestine  into  a  state  of  irritation,  and 
then  the  infecting  substance  was  given,  without  producing  any  different 
result.  The  only  experiment  in  which  the  comma  bacilli  exhibited  a  patho- 
genic effect,  which  therefore  gave  me  hope  at  first  that  we  should  arrive  at 
some  result,  was  that  in  which  pure  cultivations  were  injected  directly  into 
the  blood-vessels  of  rabbits  or  into  the  abdominal  cavity  of  mice.  Eabbits 
seemed  very  ill  after  the  injection,  but  recovered  after  a  few  days.  Mice,  on 
the  contrary,  died  from  twenty-four  to  forty-eight  hours  after  the  injection, 
and  comma  bacilli  were  found  in  their  blood.  Of  course  they  must  be  ad- 
ministered to  the  animals  in  large  quantities ;  and  it  is  not  the  same  as  in 
•other  experiments  connected  with  infection,  where  the  smallest  quantities  of 
infectious  matter  are  used,  and  yet  an  effect  is  produced.  In  order  to  arrive 
at  certainty  as  to  whether  animals  can  be  affected  with  cholera,  I  made 
inquiries  everywhere  in  India  as  to  whether  similar  diseases  had  ever  been 
Temarked  amongst  animals.  In  Bengal  I  was  assured  such  a  phenomenon 
had  never  occurred.  This  province  is  extremely  thickly  populated,  and  there 
are  many  kinds  of  animals  tbere  which  live  together  with  human  beings. 
One  would  suppose,  tben,  that  in  that  country,  where  cholera  exists  in  all 
parts  continually,  animals  must  often  receive  into  their  digestive  canal  the 
infectious  matter  of  cholera,  and  in  just  as  effective  a  form  as  human  beings, 
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but  no  case  of  an  animal  having  an  attack  of  cholera  has  ever  been  observed 
there.  Hence  I  think  that  all  the  animals  on  which  we  can  make  experi- 
ments, and  all  those,  too,  which  come  into  contact  with  human  beings,  are 
not  liable  to  cholera,  and  that  a  real  cholera  process  cannot  be  artificially 
produced  in  them.' 

Starting  from  the  idea  that  the  comma  bacilli  are  killed  by  the  gastric 
juice,  and  that  in  order  to  develop  their  pathogenic  powers  they  have  tO' 
get  unscathed  and  living  into  the  small  intestine — their  natural  breeding- 
ground — it  occurred  to  Koch  ^  that  this  difficulty  might  be  obviated  by  first- 
neutralising  or  making  alkaline  the  contents  of  the  stomach,  and  introducing 
per  OS  the  comma  bacilli.  He  therefore  kept  guineapigs  for  twenty-four  hours 
without  food,  and  then  injected  into  their  stomach ^er  os  5  cubic  centimetres 
of  a  5-per-cent.  watery  solution  of  carbonate  of  sodium.  This  does  not 
noticeably  injure  the  stomach,  and,  as  direct  observation  proved,  kept  the 
contents  of  the  stomach  in  an  alkaline  condition  for  three  hours.  Some 
minutes  (twenty)  afterwards  he  introduced  by  catheter  10  cubic  centimetres 
of  a  cultivation  of  the  comma  bacilli  in  meat  infusion. 

The  result  is  noteworthy.  Seven  guineapigs  thus  experimented  upon 
remained  perfectly  well :  '  They  were  killed  after  twenty  hours,'  says  Koch, 
'  and  the  contents  of  their  stomach,  intestine,  and  csecum  were  examined  by 
gelatine  plate  cultivations.  In  six  of  the  seven  animals  the  cholera  bacteria 
could  be  demonstrated  in  the  small  intestine.  The  experiment  had  thus  in 
so  far  succeeded  that  the  cholera  bacilli  had  passed  uninjured  through  the 
stomach,  but  they  had  not  set  up  any  disease  in  the  animals. '  Similar 
experiments  were  them  made  on  eight  other  guineapigs.  These  animals  also 
remained  quite  healthy.  Finally  four  guineapigs  were  similarly  experimented 
upon  (5  c.c.  of  solution  of  sodium  carbonate,  then  10  c.c.  of  cultivation  of  the 
comma  bacilli  in  meat  infusion) ;  three  remained  well,  the  fourth  appeared 
ill  next  day,  looked  shaggy  and  did  not  eat ;  on  the  following  day  it  was  very 
ill ;  paralytic  weakness  of  the  posterior  extremities  came  on,  the  respiration 
was  weak  and  slow,  the  head  and  extremities  were  cold,  and  the  animal 
died  in  this  condition.  On  post-mortem  examination  the  small  intestine  was 
markedly  reddened  and  full  of  a  flakey,  watery,  colourless  fluid.  The 
stomach  and  caecum  contained  a  large  quantity  of  fluid.  '  The  examina- 
tion with  the  microscope  and  with  gelatine  plates,'  says  Koch,  '  showed  that 
the  contents  of  the  small  intestine  contained  a  pure  cultivation  of  the 
choleraic  comma  bacilH. '  *  That  this  one  animal  only  should  have  died,  out 
of  a  series  of  nineteen,  uniformly  experimented  upon,  suggested  some  peculiar 
condition  that  had  obtained  in  this  one  animal,  and  as  a  matter  of  fact  on 
examination  it  was  ascertained  that  this  animal  had  aborted  immediately 
before  the  injection,  and  on  post-mortem  examination  it  was  found  that  the 
abdominal  wails  were  very  flaccid  and  the  uterus  still  greatly  enlarged.  This 
led  me  to  the  idea  that  either  the  abortion  per  se,  or  perhaps  its  unknown 
cause,  had  acted  on  the  other  abdominal  organs,  more  especially  on  the  small 
intestine,  in  such  a  way  as  to  produce  a  temporary  relaxation  with  arrest  of 
peristaltic  movement ;  and  thus  had  rendered  it  possible  for  the  comma 
bacilli  to  remain  longer  and  gain  a  footing  in  the  intestine.'  This  conclusion 
appeared  to  Koch  justifiable,  inasmuch  as  by  direct  experiment  he  thought 
he  had  proved  that  the  contents  of  the  stomach  pass  too  rapidly  into,  and 
through  the  small  intestine,  and  that  the  comma  bacilli  could  only  unfold 
their  poisonous  action,  i.e.  could  produce  the  chemical  poison,  if  they  had 
time  to  remain  there  and  to  multiply.  Consequently  if  they  were  not  delayed 
in  their  passage  through  the  small  intestine  they  would  not  multiply  there^ 
'  Conferenz  zur  Erorterung  d.  Cholerafrage,  Berlin,  May  1885. 


PATHOLOGY  OF  INFECTIOUS  DISEASES  18a 

and  once  in  the  cfficum,  where  the  reaction  is  acid,  they  would  become  harm- 
less. To  this  method  of  reasoning,  one  may  be  allowed  to  take  exception,. 
Koch  shows  by  direct  experiment  that  even  twenty  hours  after  injection  the 
comma  bacilli  can  be  recovered  from  the  small  intestine  in  a  living  state. 
Now  the  most  important  character  of  all  pathogenic  bacteria  is  this,  that 
when  introduced  into  the  particular  tissues  suitable  for  their  propagation  they 
set  up  their  pathogenic  power.  How  is  it,  then,  one  might  reasonably  ask^ 
that  the  comma  bacilli,  if  even  only  for  a  few  hours  in  the  small  intestine,. 
do  not  in  swarms  invade  the  epithelium  and  superficial  layers  of  the  mucous 
membrane  ?  Koch  does  not,  and  of  course  cannot,  deny  that  all  absorption  of 
the  chyle  must  take  place  in  the  small  intestine,  and  since  the  comma  bacilli 
are  much  smaller  than  the  large  chyle  globules,  and  are  possessed  of  sponta- 
neous mobility,  it  follows  of  necessity  that  the  comma  bacilli  can  and  must 
readily  pass  into  the  epithelium  and  the  superficial  layers  of  the  mucous  mem- 
brane ;  and  since  the  epithelium  and  the  superficial  mucous  membrane, 
according  to  Koch's  own  statement  and  beUef,  are  the  suitable  nidus  for  the 
multiplication  and  action  of  the  comma  bacilh,  all  conditions  would  there- 
fore here  exist  which  are  required  for  their  settling  down  and  acting.  Add 
to  this  that  the  10  c.c.  of  a  broth  culture  injected,  containing  millions  and 
millions  of  comma  bacilli,  are  subject  to  absorption  by  the  small  intestine  for 
twenty  hours  (see  the  above-mentioned  observations  of  Koch),  and  that  such 
vast  crowds  of  comma  bacilli  in  a  few  hours  kept  at  the  body  temperature 
ought  to  yield  a  most  formidable  host  of  descendants,  and  grave  doubts  must 
arise  as  to  the  tenability  of  Koch's  explanation. 

But  to  continue.  In  order  to  produce  a  condition  similar  to  the  one  in  the 
above  single  successful  experiment  on  the  guineapig,  Koch  injected  tincture 
of  opium  into  the  peritoneal  cavity  after  the  introduction  of  the  sodium 
carbonate  and  the  cultivation  of  the  comma  bacilli :  this  answered  well  for 
achieving  positive  results.  Immediately  after  the  administration  of  the  10  c.c. 
of  the  culture  of  the  comma  bacilli,  1  c.c.  of  German  tincture  of  opium 
for  every  200  grms.  of  the  animal's  bodyweight  was  injected  into  the  peri- 
toneal cavity  :  the  animals  became  narcotised  for  half  an  hour,  and  died  after 
one  and  a  half  to  three  days,  with  the  same  symptoms  as  the  above  guinea- 
pig.     '  Eighty-five  guineapigs  have  been  infected  in  this  way  with  cholera.' 

Now  the  following  criticisms  can,  we  think,  be  justly  applied  to  these 
experiments  :  (1)  According  to  Koch's  own  showing,  it  cannot  be  the  narcosis. 
which  is  essential,  even  allowing  for  the  present  that  relaxation  of  the  in- 
testine may  have  been  produced  by  the  intraperitoneal  injection  of  opium 
tincture,  since  alcohol  alone,  injected  by  Koch  into  the  peritoneal  cavity, 
produces  the  same  result ;  he  says  that  thereby  '  we  were  most  successful  in 
making  the  animals  susceptible  to  the  cholera  infection.'  (2)  Can  narcosis 
of  the  animal  be  produced  by  opium  without  furthering  in  the  least  the 
process  of  the  experiment  ?  This  has  been  tried  over  and  over  again  ;. 
watery  extract  instead  of  tincture  of  opium  is  injected  into  the  peritoneal 
cavity,  and  narcosis  lasting  for  one  hour  is  produced,  but  the  animals  remain 
well ;  tincture  of  opium  is  subcutaneously  injected,  the  animals  fall  into 
narcosis,  lasting  for  from  forty  to  eighty  minutes,  but  no  result  is  obtained 
from  the  previous  introduction  of  the  comma  bacilli ;  in  fact,  the  experi- 
ment as  designed  by  Koch  was  repeated  by  the  writer  on  a  large  number  of 
guineapigs,  thirty  in  all,  but  instead  of  producing  narcosis  by  injection  of 
tincture  of  opium  into  the  peritoneum,  he  produced  it  by  intraperitoneal 
injection  of  watery  extract  of  opium,  or  subcutaneous  injection  of  tincture 
of  opium  and  watery  extract  of  opium,  but  all  in  vain.  The  comma  bacilli 
used  were  of  recent  broth  culture,  or  of  gelatine  culture,  and  were  beyond 
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question  or  doubt  the  choleraic  comma  bacilli.  (3)  It  is  not  proved  that 
injection  of  tincture  of  opium  into  the  peritoneal  cavity  produces  relaxation 
of  the  intestine  and  arrest  of  the  peristaltic  movement ;  there  is  no  proof 
given  for  this  by  Koch  as  regards  the  guineapig  ;  on  the  contrary,  there  are 
experiments  on  record  made  on  the  dog,  when  the  result  of  such  injection 
was  quickening  of  the  peristaltic  movement. 

From  all  these  considerations  it  appears  unwarranted  to  conclude,  as 
Koch  does,  that  the  multiplication  of  the  comma  bacilli  in  the  small  in- 
testine, and  their  fatal  action  by  the  chemical  products  they  elaborate,  take 
place  on  account  of  a  relaxation  and  arrest  of  the  peristaltic  movement  by. 
the  opium.  Another  explanation  appears  much  more  probably  correct.  It  is 
this :  provided  the  intestine  is  first  made  diseased,  either  in  consequence  of 
slight  peritonitis,  as  was  probably  the  case  in  the  guineapig  that  had  aborted, 
or  in  the  experiments  in  which  tmcture  of  opium  or  alcohol  alone  was 
injected  into  the  peritoneal  cavity,  or  from  other  reasons,  the  comma  bacilli 
that  are  present  in  the  intestinal  cavity  undergo  rapid  multiplication,  and  by 
their  chemical  products,  not  only  increase  the  disorder  of  the  mucous  mem- 
brane, but  eventually  poison  the  animal.  And  from  this  we  conclude,  further, 
that  a  multiplication  of  the  comma  bacilli  can  and  does  take  place  only 
when  the  intestine  is  previously  brought  into  a  diseased  state.  Under  this 
view  all  Koch's  and  Van  Ermengem's  results  become  at  once  intelligible. 

We  maintain,  then,  that  the  living  choleraic  comma  bacilli,  in  however 
large  a  number  they  be  introduced  into  the  small  intestine,  are  quite  inno- 
cuous ;  but  they  are  rendered  capable  of  great  multiplication  if  the  intestine 
is  previously,  from  some  cause  or  another,  diseased.  The  chemical  products 
of  such  multiplication  act  as  poisons  analogous  to  the  ptomaines  obtained 
from  other  putrefactive  bacteria. 

That  this  is  the  true  explanation  we  find  proof  in  some  of  Koch's  experi- 
ments with  other  bacteria,  notably  with  Finkler's  and  Deneke's  comma  bacilU. 
With  both  these  organisms,  on  experimenting  in  the  above  manner,  he  obtained 
positive  results ;  not  so  constantly,  it  is  true,  but  still  he  did  obtain  positive 
results,  not  identical,  but  similar.  Of  course  it  is  not  to  be  expected  that, 
seeing  these  are  three  different  species,  they  would  act  in  the  same  manner. 
Finkler  ^  published  a  large  series  of  experiments,  in  which,  with  his  comma 
bacilli,  and  after  the  method  of  experimentation  employed  by  Koch,  he  pro- 
duced results  identical  with  those  gained  by  Koch  with  the  choleraic  comma 
bacillus.  There  can  be  no  doubt,  from  what  has  been  shown  above,  that 
Finkler's  comma  bacillus  has  nothing  to  do  with  cholera  nostras,  or  with  any 
■other  infectious  disease,  but  that  it  is  simply  a  putrefactive  organism.  And 
on  the  same  grounds  Koch's  comma  bacillus  cannot  be  said  by  these  experi- 
ments to  have  been  proved  to  have  a  causal  relation  to  Asiatic  cholera,  any 
more  than  has  Finkler's  comma  bacillus,  or  any  of  the  other  species  of 
septic  bacteria  that  are  capable  of  producing  chemical  poisons  analogous  to 
ptomaines.  All  that  can  be  said  is  that,  provided  that  conditions  are  estab- 
lished by  which  the  choleraic  comma  bacilli  are  enabled  to  grow  and  multiply 
in  the  intestinal  canal,  these  chemical  poisons  may  be  produced.  A  very 
instructive  and  parallel  case  is  found  in  the  so-called  typhoid  bacillus.  As 
is  now  generally  held,  the  experiments  published  by  Fraenkel  and  Simmonds, 
in  which  they  maintain  that  they  have  produced  typhoid  fever  and  death  in 
rabbits  after  injection  of  large  quantities  of  cultivations  of  the  typhoid  bacilli, 
-do  not  prove  any  real  infective  action  of  the  typhoid  bacillus  for  the  rabbit ; 
it  has  been  conclusively  proved  that  this  result  is  entirely  due  to  certain 
■chemical  substances  generated  by  the  typhoid  bacillus  in  the  cultivations 
'  Erganzungsheft  z.  Centralbl.  f.  allg.  Qesu-ndh.,  I.,  5  and  6. 
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{Sirotinin,  Beumer  and  Peiper).  This  pathological  condition  can  he  produced, 
-entirely  apart  from  the  bacilli  by  chemical  substances  (typhotoxin)  produced  by 
them  in  cultivations,  and  as  is  the  case  in  other  similar  toxic  substances  the 
severity  of  the  abnormal  state  depends  on  the  quantity  injected.  Moreover, 
it  has  been  shown  by  Beumer  and  Peiper  that  by  the  injection  of  a  small 

•  quantity  of  the  chemical  substance,  a  refractory  state  against  an  otherwise 
fatal  dose  of  the  same  substance  can  be  produced  (Beumer  and  Peiper, 
•'  Zeitschr.  f.  Hygiene,'  II.,  p.  110). 

Dr.  D.  D,  Cunningham  ('  Scientific  Memoirs,  by  Medical  Officers  of  the 
Army  of  India,'  Part  VI.,  Calcutta,  1891)  has  shown  that  there  are  typical 
cases  of  acute  cholera  in  which  no  comma  bacilli  occur,  and  further  he  has 
made  the  important  discovery  that  the  comma  bacilli  occurring  in  Asiatic 
■cholera  belong  to  a  number  of  well-defined  species,  differing  from  one  another 
in  size,  in  the  rapidity  with  which  they  liquefy  the  gelatine,  and  in  the 
manner  in  which  they  grow  on  potato,  so  that  these  facts  alone  enable 
'-Cunningham  to  deny  the  causal  relation  to  cholera  claimed  for  Koch's 
-comma  bacilli.^ 

From  these  experiments,  and  similar  ones,  we  conclude  that  the  disease 
thus  produced  in  guineapigs  has  no  claim  to  be  considered  as  Asiatic  cholera, 
.since  Finkler's  comma  bacillus  and  Deneke's  bacillus  induce,  under  the  same 
method  of  experimentation,  a  similar  fatal  disease.  Besides,  the  disease 
thus  induced  in  guineapigs  differs  in  this  important  respect  from  cholera, 
that  the  temperature  of  the  animals  is  at  first  raised,  and  only  shows  a  fall 
when  the  animal  is  really  moribund. 

Various  species  of  comma  bacilli  are  known  :  Finkler's,  Deneke's  (cheese 
spirillum),  the  spirillum  of  noma,  spirilla  in  various  mucous  substances 
isolated  and  described  by  Weibel,^  and  others. 

Gamaleia^  has  shown  that  a  vibrio  in  many  respects  similar  to,  if  not  iden- 
tical with,  Koch's  comma  bacillus  of  Asiatic  cholera  causes  a  septicaemia  in 
fowls  and  pigeons  similar  to,  but  not  identical  with,  fowl  cholera  ;  it  is  the 
one  he  named  vibrio  Metschnikoff.  He  further  stated  that  the  two  vibrios 
are  in  so  far  inimical  to  each  other  as  that  an  animal  that  has  survived 
the  disease  produced  by  one  is  possessed  of  immunity  against  the  other. 
Pfeiffer,  however,  shows  ('Zeitschr.  f.  Hygiene,'  VIL,  3),  that  these  last 
assertions  of  Gamaleia  are  incorrect.  While  he  confirmed  Gamaleia  as  to 
the  septicsemic  effect  of  the  vibrio  Metschnikoff  on  pigeons  (with  copious 
occurrence  of  the  vibrios  in  their  blood),  he  proved  that  morphologically, 
culturally,  and  experimentally  (as  tested  on  pigeons  and  guineapigs),  they  are 
two  different  species,  and  that  there  exists  no  inimical  action  of  one  against 
the  other. 

Pfeiffer  has  also  shown  that  Gamaleia' s  assertion  as  to  the  susceptibility 
of  pigeons  to  infection  with  the  choleraic  commas  (it  is  in  pigeons  that 
Gamaleia  maintained  that  he  had  succeeded  with  his  protective  inoculations) 
is  incorrect,  pigeons  being  insusceptible  to  such  infection.  The  writer 
can  fully  confirm  Pfeiffer  in  this,  since,  even  with  large  doses  of  cultures 
of  the  choleraic  comma  bacilli  injected  into  pigeons,  he  has  not  been  able  to 
produce  any  result  whatever;  moreover,  on  injecting  into  the  pectoral 
muscle  of  pigeons  as  much  as  2-3  c.c.   of  broth   culture,  and   searchmg 

^  It  ought  to  be  stated  that  recently  Dr.  Friedrich  directly  traversed  these  statements 
of  Cunningham  (Arbeiten  aus  d.  k.  Gesundheitsamte,  Berlin,  1892).  The  writer,  however, 
has  been  able  fully  to  confirm  Cunningham's  statements  as  to  the  permanently  different 

•  cultural  characters  of  his  various  species  of  choleraic  comma  bacilli. 

«  Centralbl.  f.  Bad.  und  Parasit.,  II.,  No.  16 ;  IV.,  Nos.  8,  9,  10. 
'  Annales  de  VInstitut  Pasteur,  No.  9,  1888,  p.  482. 
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by  culture  test  and  cover-glass  specimens  for  comma  bacilli  twenty-four 
liours  later,  no  trace  of  them  can  be  discovered;  the  pigeons  remain 
perfectly  well. 

Dysentery 

This  is  an  affection  of  the  large  intestine,  occurring  in  the  human  subject,, 
chiefly  in  hot  climates.  It  consists  in  a  haemorrhagic  effusion  into,  and 
necrosis  of,  the  mucous  membrane  ;  in  the  affected  parts  the  mucous  mem- 
brane (the  mucosa)  is  the  seat  of  extensive  engorgement  of  the  blood-vessels, 
stasis  of,  and  hemorrhage  from,  the  veins  and  capillary  blood-vessels  ;  at  the 
same  time  there  is  exudation  of  cellular  and  fluid  matter,  inclusive  of  blood 
en  masse,  into  the  cavity  of  the  intestine,  and  of  course  in  the  evacuations  ; 
the  haemorrhage  is  followed  by  necrosis  of  the  mucosa  in  the  area  of  the 
haemorrhage,  with  a  reactive  inflammation  surrounding  the  necrotic  parts, 
both  in  the  mucosa  and  sub-mucosa  ;  in  consequence  of  this  inflammation, 
the  necrotic  parts  become  gradually  loosened  and  detached,  and  the  deficiency 
is  partly  filled  with  the  products  of  the  inflammation.  In  the  affected  parts, 
the  size  of  which  varies  from  that  of  punctiform  petechiae,  to  that  of  areas 
several  inches  in  length,  the  tissue  elements  undergo  the  change  known  as 
coagulation  necrosis ;  though  they  retain  their  outhne  for  a  little  time, 
their  substance  appears  opaque,  granular,  and  they  do  not  take  the  ordinary 
stains  ;  the  epithelium  of  the  surface  is  loosened,  or  altogether  lost,  from 
extensive  parts  of  the  surface;  the  lymphatic  tissue  of  the  mucosa,  and_ 
the  epithehum  lining  the  Lieberkiihn's  crypts,  which  becomes  loosened, 
and  detached  from  the  membrana  propria,  fail  to  take  the  ordinary  stains, 
become  granular,  opaque  and  dry  looking,  and  are  gradually  transformed 
into  a  granular  detritus.  Around  the  part  thus  affected  numerous  leucocytes 
accumulate  in  the  mucosa  and  sub-mucosa,  and  these  leucocytes  gradually 
invade  the  necrotic  portion  . 

The  serous  covering  of  the  intestine,  as  well  as  the  mucous  membrane  of 
almost  the  whole  of  the  large  intestine,  is  much  congested.  The  mesenteric 
lymph  glands  are  swollen  and  highly  congested.  As  a  frequent  sequela 
there  occurs  formation  of  abscess  in  the  hver. 

Losch  (Vkchow's  '  Archiv  f.  pathol.  Anatomie,'  1875,  BandLXV.,  p.  196) 
was  the  first  to  discover  the  amoeba  coli  in  great  numbers  in  a  case  of 
ulcerated  large  intestine  in  the  human  subject.  This  case,  in  aU  its  clinical 
and  pathological  symptoms,  resembled  true  dysentery. 

Kartuhs  ('Centralbl.  fiir  Bact.  und  Parasit.,'  VII.,  2)  has  shown  that. 
in  the  cases  of  tropical  dysentery  which  he  examined,  numerous  amoeba 
(amoeba  coli  of  Losch)  were  present  in  the  characteristic  sanguineous  stools 
showing  active  amoeboid  movement,  and  he  gives  good  reasons  for  considering 
these  the  cause  of  the  dysentery ;  though  others  who  had  met  with  similar 
amoeba  in  intestinal  diseases  in  Eussia  (Massiatin,  '  Centralbl.  fiir  Bact. 
und  Parasit.,'  VI.,  Nos.  16  and  17)  did  not  think  so. 

Further,  Kartuhs  has  shown  that  in  twenty  cases  of  abscess  of  the  Hver- 
complicating  dysentery  he  found  in  every  one  of  them  the  same  dysentery 
amcebffi  ;  they  could  be  seen  in  sections  through  the  wall  of  the  abscess,  but 
in  the  pus  of  the  abscess  cavity  he  did  not  find  them. 

A  considerable  amount  of  hterature  exists  at  present  on  the  occurrence 
of  amoebae  in  certain  forms  of  dysentery,  chiefly  those  that  run  a  chronic 
course,  and  on  their  absence  and  the  presence  of  various  species  of  bacilli 
in  other  forms  of  acute  dysenteric  inflammation  of  the  large  intestine. 
While  some  have  confirmed  Kartuhs  (Osier,  Councilman,  Maggiora,  and 
others),  others  have  missed  the  amoeba,  but  describe  various  species  of  bac- 
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teria  as  connected  with  the  disease.  From  the  careful  bibhography  collected 
by  Maggiora  ('  Centralblatt  fiir  Bact.  und  Parasit.,'  XI.,  Nos.  6  and  7) 
there  can  be  no  doubt  that  what  is  clinically  spoken  of  as  dysentery,  is  not 
in  etiological  respects  one  single  disease,  since  some  dysenteric  affections 
are,  others  are  not,  caused  by  the  amoeba  coli. 


CHAPTEE  XXn 

INFANTILE  DIABBHCEA   OB  SUMMEB  DIABBSCEA 

This  disease,  causing  considerable  mortality  in  children,  occurs  in  an 
epidemic  form  in  the  summer  months  in  many  English  towns  ;  in  some,  as 
Leicester  and  Nottingham,  to  a  larger  extent  than  in  others.  Dr.  Ballard,  who 
has  for  several  years  been  investigating  this  disease,  formulates  in  his  report 
('  Supplement  to  the  Eeport  of  the  Medical  Officer  of  the  Local  Government 
Board,'  1887,  p.  7)  as  the  causes  of  the  diarrhoea  the  following  conclusions  : — 

'  That  the  essential  cause  of  diarrhcea  resides  ordinarily  in  the  superficial  layers  of  the 
earth,  where  it  is  intimately  associated  with  the  life  processes  of  some  micro-organism 
not  yet  detected  or  isolated. 

'  That  the  vital  manifestations  of  such  organism  are  dependent  among  other  things^ 
perhaps  principally,  upon  conditions  of  season  and  on  the  presence  of  dead  organic  matter, 
which  is  its  pabulum. 

'  That,  on  occasion,  such  micro-organism  is  capable  of  getting  abroad  from  its  primary 
habitat,  the  earth,  and  having  become  air-borne,  obtains  opportunity  for  fastening  on  non- 
living organic  material,  ajid  of  using  such  organic  material,  both  as  nidus  and  as  pabulum, 
in  undergoing  various  phases  of  its  hfe  history. 

'  That  in  food,  inside  as  well  as  outside  the  human  body,  such  micro-organism  finds, 
especially  at  certain  seasons,  nidus  and  pabulum  convenient  for  its  development,  multipli- 
cation, or  evolution. 

'  That  from  food,  as  also  from  the  contained  organic  matter  of  particular  soils,  such 
micro-organism  can  manufacture  by  the  chemical  changes  wrought  therein  through 
certain  of  its  life  processes  a  substance  which  is  a  virulent  chemical  poison  ;  and 

'  That  this  chemical  substance  is,  in  the  human  body,  the  material  cause  of  epidemic 
diarrhoea.' 

It  will  be  observed  that  this  provisional  hypothesis  is  sufficiently  elastic 
to  include,  as  a  common  cause  of  diarrhoea,  chemical  products  of  bacterial 
life  manufactured  indifferently  within  or  outside  the  human  body.  Elas- 
ticity, to  this  extent,  of  a  provisional  hypothesis  has  been  necessary  for  the 
reason  that,  in  the  present  state  of  our  knowledge,  certain  cases  and  groups 
of  cases  of  diarrhoea,  not  distinguishable  from  epidemic  summer  diarrhoea, 
have  now  and  again  been  found  to  possess  the  faculty  of  being  directly 
communicable  from  person  to  person.  The  account  of  Dr.  Bruce  Low's 
experience  at  Helmsley,  in  Yorkshire,  appended  to  the  above  report  (Appendix 
H)  is  illustrative  of  this  class  of  cases. 

It  will  be  obvious  that  in  the  stools  of  such  infective  cases  of  diarrhoea  the 
hypothetical  organism  causative  of  the  malady  may  be  looked  for  with  good 
hope  of  success. 

A  point  worthy  of  further  inquiry,  and  hitherto  rendered  suspicious  by 
many  health  officers,  is  this,  that  infants  fed  from  '  the  bottle  '  are  the 
principal  victims  of  fatal  diarrhoea  in  summer. 

Pathology  (Dr.  Ballard's  Eeport,  pp.  13  and  14) : — 

'  In  the  bodies  examined  there  were  marked  pathological  changes,  not  only  in  the 
intestines,  but  in  all  the  viscera,  and  not  alone  in  the  viscera  of  protracted  cases,  but  in 
those  of  infants  the  total  duration  of  whose  illness  had  not  exceeded  twelve  or  fourteen  hours. 
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For  the  most  part  the  intestines  were  empty,  or  only  contained  a  little  yellow  feecal 
matter,  or  a  little  opalescent  mucoid  fluid,  or  the  surface  was  coated  with  some  thick, 
creamy,  catarrhal  exudation.  The  amount  of  obvious  hypersemia  of  the  mucous  membrane 
of  the  stomach  and  intestines  varied;  sometimes  there  was  observed  some  follicular 
ulceration  both  in  the  small  and  large  intestines.  Generally  there  was  more  or  less 
inflammatory  thickening  of  the  mucosa,  and  even  in  the  cases  of  only  a  few  hours'  duration 
denudation  of  the  epithelium,  both  of  the  stomach  and  intestines.  Now  and  then  ecchy- 
moses  were  seen,  or  even  a  little  blood  effused  into  the  alimentary  canal.  The  solitary 
and  agminated  glands  of  the  small  intestine  were  most  prominent ;  the  mesenteric  glands 
were  enlarged.  The  condition  of  spleen  varied  :  it  was  sometimes  congested,  or  exhibited 
hyahne  degeneration  of  the  arteries,  or  swelling  of  the  Malpighian  corpuscles  with  de- 
generation of  the  central  portion  of  them.  The  condition  of  the  hver  varied.  It  was 
either  congested,  or  pale  and  bloodless,  the  former  condition  prevaihng  in  the  cases  of 
short,  and  the  latter  in  those  of  longer  duration ;  but  in  every  case  examined  there  was 
one  invariable  condition,  viz.  fatty  degeneration  of  the  liver  cells,  slight  in  cases  of  short 
(only  a  few  hours')  duration,  but  pronounced  and  extensive,  or  complete  in  all  parts  of  the 
organ,  when  the  illness  had  been  protracted.  The  kidneys,  even  when  normal  to  the 
naked  eye,  were  invariably  found  to  be  diseased  when  examined  microscopically,  showing 
inflammatory  and  degenerative  changes,  intense  glomerulo-  and  parenchymatous  nephritis 
being  demonstrated  even  in  cases  of  very  short  duration.  The  lungs,  although  they 
might  be  in  parts  collapsed,  presented  marked  evidence  of  acute  catarrhal  and  intersti- 
tial pneumonia.  The  blood  may  be  inspissated  and  coagulate  imperfectly.  There  was 
nothing  in  the  microscopical  investigations  of  the  tissues,  blood,  or  excreta  to  indicate 
that  in  the  cases  which  furnished  the  organs,  blood,  or  excreta,  the  malady  was  due 
to  any  micro-organism  developing  within  the  alimentary  canal  or  permeating  any  of  the 
tissues.' 

As  regards  microbes,  various  bacteria  have  been  mentioned  as  occurring 
in  the  intestinal  contents  and  in  the  stools  in  this  disease,  but  there  does  not 
seem  to  be  any  relation  proved  to  exist  between  them  and  the  disease.  From 
the  writer's  own  observation  he  is  prepared  to  say  that  among  those  microbes 
hitherto  described  as  the  cause  of  infantile  summer  diarrhoea,  none  can  claim 
that  distinction.^  The  following  may  be  quoted  here  from  Dr.  Ballard's 
Report  as  an  instance  of  an  organism  very  similar  to  that  of  Gaffky  that 
was  found  in  an  acute  case  of  summer  diarrhoea  in  the  intestinal  contents, 
penetrating  also  into  the  mesenteric  glands,  viz. ; — 

'  The  case  was  one  of  typical  acute  summer  diarrhoea  admitted  into  the  hospital  in 
Great  Ormond  Street,  and  which  ended  fatally  with  fits  of  eclampsia.  In  the  cavity  of 
the  intestine  there  were  found  numerous  mobile  bacilli  which  in  size  and  shape  bore  a 
certain  resemblance  to  the  bacilli  known  as  occurring  in  typhoid  fever.  These  bacilli  were 
also  found  on  microscopical  examination  of  the  sections  of  the  swollen  mesenteric  glands, 
but  were  not  numerously  present  there.  From  these  glands  cultivation  experiments  were 
made  on  nutritive  gelatine  ;  the  bacilli  were  thus  isolated  and  pure  cultivations  obtained. 
Comparing  these  cultures  with  those  of  the  typhoid  bacilli  of  Gaffky,  a  striking  resemblance 
is  noticed  :  {a)  They  look  alike  in  microscopical  specimens,  (b)  They  grow  alike  in  plate 
cultivation,  (c)  They  grow  alike  in  broth,  (d)  They  are  very  much  alike  in  stab  and 
•streak  cultures  on  gelatine  and  on  agar  agar  mixture.^  Comparing  the  two  in  respect 
of  their  action  on  animals,  it  is  found  that  when  inoculated  into  white  mice  they  produce 
in  a  large  percentage  of  cases  death  under  septiceemic  appearances  ;  the  bacilli  could  be  re- 
covered from  the  heart's  blood  by  cultivation.  The  differences  between  them,  so  far  as 
<;an  at  present  be  seen,  are :  (1)  That  this  bacillus  from  the  case  of  infantile  diarrhoea  grows 
on  gelatine  more  rapidly  than  Gaffky's  typhoid  bacillus ;  and  (2)  that  the  former  has  a 
somewhat  greater  resisting  power  to  the  action  of  perchloride  of  mercury  than  the  latter.' 

A  severe  form  of  diarrhoea  occurring  during  the  summer  months  amongst 
adults,  not  referable  to  consumption  of  poisoned  food,  and  of  a  highly  in- 

'  Lesage  describes  in  the  green  stools  of  infants  affected  with  diarrhoea  a  species  of 
minute  rods  slightly  motile,  which  he  considers  the  actual  cause  of  the  disease. 

-  There  was  a  brief  notice  of  this  microbe  in  the  Annual  Beimrt  of  the  Medical  Officer 
of  the  Local  Government  Board  for  1886,  p.  447. 
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fectious  nature,  is  recorded  by  Dr.  Bruce  Low.  These  forms  of  the  disease 
evidently  occupy  an  altogether  different  position  from  the  infantile  summer 
diarrhoea,  as  well  as  the  choleraic  attacks  due  to  toxic  effect  of  certain  food 
stuffs.     They  are  fully  described  in  Dr.  Ballard's  Eeport,  pp.  127-131. 

Choleeaic  Diabehcea  due  to  Toxic  Effect  of  ceetain  Food  Stuffs 

Various  forms  of  acute  disease  are  known  which  manifest  themselves 
in  severe  gastro-enteric  disturbance,  vomiting,  diarrhoea,  pains  in  the 
abdomen  and  gastric  regions,  and  more  or  less  muscular  prostration  ;  in  some 
severe  cases  there  is  suppression  of  urine,  cold  skin,  collapse,  and  even  death. 
While  these  cases  have  a  certain  clinical  resemblance  one  to  another,  they 
are  etiologically  different.  In  some  the  symptoms  set  in  very  soon,  some- 
times a  few  hours  or  an  hour  only  after  the  introduction  of  the  poisonous 
matter,  while  in  others  there  is  a  distinct  incubation  period,  varying  from 
twelve,  sixteen,  to  twenty-four  hours,  and  even  longer.  In  the  latter  cases 
the  illness  is  always  more  protracted,  and  when  death  takes  place  the 
lungs,  liver,  and  kidney  are  found  congested,  the  spleen  flaccid,  and  slightly 
enlarged  ;  in  the  stomach  and  intestines  the  mucous  membrane  is  much 
congested,  and  there  are  even  hemorrhagic  petechite,  the  mucosa  is  swollen, 
the  epithelium  of  the  surface  partially  loosened  or  altogether  detached.  In 
the  cavity  of  the  stomach  and  intestines  there  is  a  mucoid  fluid  occasionally 
containing  extravasated  blood  ;  but  these  appearances  on  the  part  of  the 
alimentary  canal  are  found  also  in  the  acute  fatal  cases  of  the  first  category. 

In  the  first  category  of  cases  the  disease  is  due  to  a  chemical  poison 
present  in  certain  articles  of  food  stuffs  (ice  cream,  cheese,  sausage,  mackerel,, 
tinned  food  materials)  ;  this  poisonous  substance  has,  in  some  instances, 
been  isolated  (Dr.  Vaughan,  tyrotoxicon),  as  a  crystalline  substance  probably 
identical  with  certain  crystalhne  bodies  isolated  by  Brieger  and  others,  and 
belonging  to  the  group  of  toxins,  e.g.  cadaverine  (pentamethylene  diamine),, 
in  contradistinction  to  the  ptomaines  of  Selmi,  e.g.  putrescine  (tetramethylene 
diamine). 

Now  in  some  cases  it  has  been  shown  that  such  toxin  is  formed  in  food 
staffs  by  definite  bacteria,  having  no  action  on  proteid  materials  com- 
parable to  putrefaction  in  the  ordinary  sense,  i.e.  that  process  which  starts 
with  the  change  of  proteid  into  peptone,  decomposing  this  latter  into  leucin 
and  tyrosin,  forming  at  the  same  time  ptomaines  with  the  evolution  of 
sulphuretted  hydrogen  and  ammonia.  The  writer  has  had  the  opportunity  of 
investigating  several  such  forms  of  acute  chemical  poisonings  brought  about 
by  the  consumption  of  veal  pie  in  one  case  (Dr.  Ballard),  pork  pie  in  another, 
the  latter  outbreak  reported  by  Dr.  Spear  in  the  Eeport  of  the  Medical 
Officer  of  the  Local  Government  Board  ('Eeport  of  the  Medical  Officer,' 
p.  106, 1887-88).  In  both  instances  a  bacterium  was  found  in  large  continuous 
masses  in  the  pies,  and  it  was  isolated  and  cultivated  in  artificial  media.  Mice 
fed  with  the  pies  succumbed  rapidly  under  the  appearances  of  severe  gastro- 
enteritic  symptoms  ;  mice  fed  with  the  artificial  cultures  succumbed  in  the 
same  way  ;  but  no  microbes  were  found  in  the  body,  and  the  conclusion  arrived 
at  was  that  these  bacteria  are  capable  by  their  growth  (in  gelatine  as  well 
as  in  broth)  of  elaborating  the  toxic  substance.  The  symptoms  of  disease  in 
these  mice  set  in  after  a  few  hours,  as  was  the  case  in  the  human 
subject,  and  this  clearly  pointed  to  a  chemical  poison.  The  bacterium  isolated 
from  veal  pie,  as  also  that  from  the  pork  pie,  produced  when  growing  in 
gelatine  a  greenish  blue  colouring  matter,  which  gradually  increased  in  amount 
and   became  diffused  through  the  gelatine.     In  the  case  of  the  veal  pie 
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bacterium,  liquefaction  of  the  gelatine  began  only  after  several  weeks  had 
passed,  and  it  proceeded  very  slowly  ;  it  took  several  months  to  liquefy  the 
gelatine  (about  10  c.c.)  in  a  test  tube  ;  the  liquefied  gelatine  was  thick  and 
syrupy.  In  the  case  of  the  pork  pie  the  bacterium  did  not  liquefy  the  gelatine 
at  all.  Besides,  the  veal  pie  bacterium  did  not  show  any  growth  when  kept 
above  25°  C. ;  it  grew  best  at  20-22°  C,  while  the  pork  pie  organism  grew 
also  at  temperatures  above  this — at  temperatures  up  to  36°  C.  So  that  we 
have  here  two  distinct  sets  of  acute  chemical  poisonings  produced  in  food 
stuffs  not  showing  any  sign  of  what  is  ordinarily  called  putrefaction,  poisons 
produced  therein  by  two  different  species  of  bacteria,  and  which  when  they 
were  introduced  into  the  stomach  set  up  gastro-enteritic  distm^bance. 

A  third  similar  instance  was  the  Portsmouth  beef-pie  poisoning.  Here 
a  motile  cylindrical  bacillus  was  found,  which  did  not  liquefy  the  gelatine ; 
mice  fed  with  the  beef  pie  or  with  the  cultures  of  the  bacillus  succumbed  with 
symptoms  of  acute  gastro-enteritis.  ('  Report  of  Medical  Officer  of  the  Local 
Government  Board  for  1890-91 '). 

The  second  category  of  gastro-enteritic  disturbances  produced  by  food 
stuffs,  those  with  distinct  incubation,  are  true  infections. 

Dr.  Ballard's  report  of  Welbeck  and  Nottingham  ham-and-beef  poison- 
ing ('  Report  of  the  Medical  Officer  of  the  Local  Government  Board,  1880 ') 
gives  an  illustration  of  such  infection.  In  this  epidemic,  ham  was  shown  to 
have  contained  a  pecuUar  short  motile  bacillus,  which  was  found  in  large 
numbers  in  the  vessels  of  the  glomeruli  and  ia  the  spleen  of  fatal  human 
cases  (fig.  152).  Another  similar  epidemic  occurred  in  Carlisle  in  1889,  and 
was  due  to  certain  pork  pies.  The  pork  and  gravy  stock  from  which  the  pies 
were  made  was  proved  to  act  poisonously  by  feeding  mice  on  it.  From  such 
mice  (congested  lung)  a  baciUus  was  recovered  by  cultivation,  which  was 
proved  to  be  the  same  as  in  the  gravy  stock.  Cultures  of  this  bacillus  by 
feeding  and  subcutaneous  inoculation  produced  in  mice  the  same  disease  as 
the  pork  and  the  gravy  stock — enteritis  with  sanguineous  mucus,  sanguine- 
ous diarrhcea,  congestion  of  the  lungs. 

Gartner  ('  Correspondenzblatter  des  allgem.  arztl.  Vereins  von  Thiiringen, 
1888,'  p.  573)  found  in  the  flesh  of  a  cow  dead  with  symptoms  of  acute 
diarrhoea,  and  also  in  the  spleen  of  a  man  who  partook  of  that  meat  and  died 
iu  twelve  hours,  a  peeuHar  species  of  bacillus — bacillus  enteritidis  Gartner — 
which  is  motile,  does  not  liquefy  gelatine,  and  is  very  pathogenic  for 
mice,  guineapigs,  and  rabbits,  both  after  feeding  and  after  subcutaneous 
inoculation. 

Gaffky  and  Paak  described  an  epidemic  of  gastro-enteritis  at  Egelsdorf 
and  Eohrsdorf  amongst  factory  men  who  had  eaten  of  meat  and  sausages 
made  from  horse  flesh.  The  cause  was  found  in  a  bacillus, '  sausage  bacillus,' 
similar  to,  but  not  identical  with,  Gartner's  bacillus  ('  Arbeiten  aus  dem  k. 
Gesundheitsamte,'  Band  VI.,  2  and  3,  1890). 


CHAPTER  XXIII 

INTEBMITTENT  OB  MALABIAL  FEVEB—AGVB 

The  pathological  changes  in  intermittent  fever,  as  observed  in  those 
malignant  cases  which  terminate  fatally,  are  chiefly  those  of  the  blood,  the 
spleen,  the  liver,  the  marrow  of  bones,  less  constantly  of  the  brain  and  kidneys. 
The  blood  in  all  cases  shows  a  large  number  of  black  pigment  granules  singly 
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:and  in  clumps,  free  and  enclosed  in  peculiar  corpuscles  {see  below),  which 
granules  are  proved  to  be  derived  from  the  colouring  matter  of  the  red 
•corpuscles.  These  granules  are  either  spherical,  irregularly  shaped,  or  oval, 
and  they  correspond  to  what  is  known  as  melanin.  The  spleen  is  always 
enlarged :  this  enlargement  is  due  to  an  enlargement  of  the  spleen  pulp  as  well 
as  of  the  Malpighian  corpuscles  ;  the  latter  are  hypertrophied,  in  the  central 
parts  the  lymph  cells  are  swollen,  many  of  these  showing  necrotic  changes  ; 
in  the  spleen  pulp  the  cells  are  greatly  swollen,  many  contain  several  nuclei 
and  masses  of  (black)  blood  pigment,  the  same  pigment  being  present  in  the 
■connective  tissue  of  the  trabeculae,  around,  and  in  the  wall  of,  the  blood- 
vessels ;  also  in  the  capillary  vessels  of  the  Malpighian  corpuscles.  This 
abundance  of  black  pigment  distinguishes  the  enlarged  spleen  in  malaria  from 
that  occurring  through  other  causes.  In  the  red  marrow  of  bones  many  of 
the  marrow  cells  are  much  enlarged,  and  contain  masses  of  black  pigment ;  in 
the  liver  the  blood-vessels  of  the  lobules  contain  masses  of  black  pigment 
.granules,  the  liver  cells  themselves  in  many  lobules  showing  fatty  degenera- 
tion ;  in  the  interlobular  connective  tissue  numerous  round  cells  infiltrate 
the  tissue,  and  in  chronic  cases  these  infiltrations  lead  to  the  new  formation 
of  connective  tissue.  In  severe  cases  (febris  perniciosa)  necrotic  changes  of 
the  hver  cells  around  the  central  vein  are  noticeable  (Garnieri),  the  blood  in 
the  latter  being  stagnated,  and  the  capillaries  leading  to  it  full  of  leucocytes 
and  pigment  masses.  In  the  kidneys  severe  changes  occur,  consisting  of 
granular  and  fatty  degeneration  of  the  epithelium  lining  the  convoluted 
tubes  ;  around  the  arterial  vessels  of  the  cortex  are  found  miliary  aggregations 
of  round  cells.  Pigment  granules  in  larger  and  smaller  masses  are  also  found 
in  the  capillaries  of  the  kidney,  whereby  many  of  them  become  plugged  and 
impermeable.  Also  in  the  brain,  pigment  granules  are  found  in  capillary 
vessels,  and  in  the  severe  form  (febris  perniciosa  comatosa)  plugging  of  them 
with  pigment  granules  has  been  observed. 

As  to  the  etiology  of  the  disease,  most  important  discoveries  have  been 
made  within  the  last  few  years.  Laveran  ('  Comptes  Eendus,  1882,'  No.  17) 
and  Eichard  {ibid.,  No.  8)  were  the  first  Avho  discovered  in  the  blood  of 
malaria  cases,  in  the  febrile  stages,  spherical  or  crescentic  bodies  consist- 
ing of  a  pale,  homogeneous  substance  enclosing  clumps  of  pigment  granules  ; 
these  bodies  are  possessed  of  cilia  by  which  they  are  enabled  to  perform 
rapid  movement.  Laveran  considered  these  bodies  as  the  true  cause  of 
malaria,  and  identified  them  as  protozoa.  This  discovery  was  a  few  years 
later  (1885)  confirmed  and  considerably  amplified  by  Marchiafava  and  Celli. 
The  credit  of  the  important  discovery  of  the  malaria  parasite  belongs  therefore 
unquestionably  to  Laveran,  though  the  observations  of  Marchiafava  and 
Celli  have  amplified  by  a  good  deal  our  knowledge  of  them ;  their  merits, 
though  considerable,  are  not  commensurate  to  the  credit  they  generally  re- 
ceive as  compared  with  that  accorded  to  Laveran;  they  have  shown  us, 
however,  a  good  deal  of  the  Hfe  history  of  the  parasite,  and  have  given  it 
the  name  hcBmojjlasmoclmm  ot plasmodium  malarice.  The  researches  of  Golgi 
have  made  important  additions  as  regards  the  life  history  and  distribution  of 
these  parasites,  and  particularly  as  to  their  relation  to  the  various  forms  of 
malarial  fevers.  We  will  follow  in  our  description  chiefly  the  very  exhaustive 
■observations  made  by  Golgi  and  described  by  him  in  the  '  Fortschritte  der 
Medicin,  1889,'  No.  3  ;  but  it  ought  to  be  mentioned  at  the  outset  that,  accord- 
ing to  Metschnikoff,  Celli  and  Garnieri,  the  malaria  parasite  belongs  really  to 
the  class  of  sporozoa  amongst  the  protozoa,  and,  therefore,  the  name  Plas- 
modium malarise  introduced  by  Marchiafava  and  Celli  is,  according  to 
Metschnikoff,  incorrect. 
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Marchiafava  and  Celli  ^  were  the  first  to  show  that  during  the  beginmng  of 
the  febrile  stage  the  parasite  invades  the  red  blood-corpuscles  as  small,  globular^ 
pale,  homogeneous  corpuscles  measuring  not  more  than  a  fifth  to  a  seventh  of 
the  diameter  of  a  red  blood-corpuscle  ;  in  this  host  the  parasite  performs  active 
amoeboid  movements,  hereby  changing  continually  its  shape  ;  but  it  gradually 
increases  in  size  and  consumes  the  substance  of  the  red  blood-corpuscle,  leav- 
ing black  pigment  granules — iron-free  melanin — in  the  disc.  These  pigment, 
granules,  as  the  parasite  grows  to  the  size  of  the  original  red  blood  disc,  are 
contained  within  the  body  of  the  parasite,  in  which  they  appear  uniformly 
distributed.  "When  the  disc  of  the  red  blood-corpuscle  is  entirely  consumed 
by  the  growth  of  the  parasite,  this  latter  appears  free  in  the  blood  plasma,  its 
substance  filled  with  the  melanin  granules  ;  some  of  these  free  parasites  have 
cilia  by  which  they  move  actively — these  are  the  corpuscles  seen  by  Laveran. 
Next,  the  pigment  granules  aggregate  in  the  central  part  of  the  parasite  and 
the  peripheral,  pale,  homogeneous  portion  gradually  undergoes  a  more  or  less 
regular  mode  of  segmentation,  in  the  course  of  which  small  globular  particles 
or  sporules  become  constricted  off  from  the  main  body  ;  when  this  segmen- 
tation has  been  completed,  the  young  gemmas  or  sporules  all  disappear  from 
the  blood,  so  also  the  pigmented  central  parts,  and  are  stored  up  in  the 
spleen,  liver,  and  bone  marrow ;  this  terminates  one  febrile  attack.  The  next 
febrile  attack  is  caused  by  the  sporules  again  invading  the  blood-corpuscles 
of  the  general  circulation,  and  therein  undergoing  the  same  series  of  changes 
as  just  described.  So  that  each  febrile  stage  comprises  the  invasion  of  the 
blood-corpuscles  by  the  sporules,  the  germination,  amoeboid  movement,  and 
growth  of  these  latter  within  and  at  the  expense  of  the  former,  then  the 
gemmation  and  segmentation  of  a  new  crop  of  sporules,  and  finally  the  dis- 
appearance of  these  from  the  general  circulation.  Golgi  by  his  numerous 
researches  was  able  to  show  that  the  various  forms  of  malarial  fever  are  due 
to  various  species  of  the  parasite,  at  any  rate  that  in  the  different  forms  of 
intermittent  fever  the  time  in  which  the  parasite  passes  through  all  the 
above-mentioned  phases  of  its  development  is  different,  and  stands  in  a  definite 
relation  to  the  form  of  the  fever.  Thus,  Golgi  found  that  in  the  febris  quar- 
tana,  the  parasite  from  its  first  appearance  in  the  red  blood-corpuscle,  that  is, 
from  the  onset  of  a  febrile  attack,  through  the  complete  segmentation  of  the 
full-grown  parasite  into  the  sporules,  and  to  the  disappearance  of  these  from 
the  general  circulation,  i.e.  till  the  end  of  the  febrile  stage,  requires  three  days, 
whereas  in  the  febris  tertiana  it  requires  only  two  days.  Besides,  there  are 
certain  slight  morphological  differences  between  the  parasite  in  the  febris  quar- 
tana  and  in  that  of  the  tertiana,  as  also  differences  in  the  mode  of  segmen- 
tation {see  Plate  XLII.).  As  to  the  parasite  in  the  fever  of  irregular  type, 
Golgi  shows  that  also  in  this  the  time  occupied  for  passing  through  its  phases 
is  irregular,  either  too  rapid  or  too  slow.  The  crescentic  form  of  the  parasites 
mentioned  by  Laveran  and  Marchiafava  and  Celli  are  present  only  in  fever  of 
irregular  type,  and  are  really  an  atypical  form  in  the  development  of  the 
parasite.     So  also  the  flagellate  forms  seen  by  Laveran  are  atypical  forms. 

Whether  in  these  different  forms  we  have  really  to  deal  with  different 
species  of  the  same  group  of  parasites  as  Golgi  inclines  to  think,  or  rather 
with  differences  in  the  life  history  of  the  same  species  caused  by  unknown 
conditions,  e.g.  individual  person,  different  tissue,  season,  locality,  &c.,  is  not 
decided. 

Canahs  ('  Studi  della  Infezione  malariana,'  Torino,  1889)  studied  tlie 
atypical  forms  of  malarial  fever,  characterised  by  longer  or  shorter  febrile 

'  '  Untersucliungen  iiber  die  Malaria-Infection,'  Fortschritte  d.  Med.,  1885,  pp.  339  and 

787. 
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intervals.  He  found  in  these  cases  an  endoglobular  form  of  the  plasmodium 
malarisB,  which  has  been  signahsed  already  by  Golgi,  viz.  a  crescentic  form  ; 
but  also  here  the  commencement  of  the  attack  is  characterised  by  the  amoe- 
boid endoglobular  forms,  and  the  life  cycle  of  the  parasite  becomes  completed 
by  its  division  into  sporules. 

Thomas  Smith  described  in  1889  in  tbe  red  blood  discs  of  cattle  affected 
with  Texas  fever  the  presence  of  parasites  very  similar  to  those  occurring  in 
human  malarial  fever,  and  the  number  of  the  infected  blood  discs  is  so  enor- 
mous that  it  seems  impossible  to  doubt  that  those  parasites  are  the  cause  of 
the  Texas  fever  ;  hence  the  bacilli  described  by  Billings  {see  a  former  chapter) 
assume  the  character  of  saprophytic  additions. 

Danilewsky,  Grassi  and  Feletti,  Kruse,  Pfeiffer,  CelH  and  Sanfelice  and 
others  describe  the  occurrence  of  similar  parasites  in  the  red  blood-corpuscles 
of  a  number  of  different  animals,  frogs  and  birds  (see  '  Fortschritte  d.  Med.,' 
Band  IX.,  Nos.  12  and  13,  1891). 


CHAPTEE  XXIV 

TETANUS— BABIES  AND  HYDBOPSOBIA 

Cable  and  Eattone  ('  Giorn.  dell.  r.  Accad.  d.  Med.'  Torino,  1884)  were  the 
first  to  show  that  tetanus  is  a  communicable  disease.  They  succeeded  in  pro- 
ducing in  rabbits  typical  tetanus,  terminating  fatally,  by  inoculating  them  with 
pus  taken  from  the  ulceration  of  a  human  being  in  whom  tetanus  had  set  in. 
Purulent  exudation  was  taken  in  these  rabbits  from  the  place  of  inoculation 
and  transferred  to  fresh  rabbits,  and  here  typical  tetanus  was  again  produced. 
In  human  tetanus  the  place  of  infection  (produced  in  the  skin  of  the  hand  or 
foot  by  a  tainted  splinter,  earth,  or  other  material)  becomes  marked  as  a 
purulent  inflammation  leading  to  ulceration ;  the  tissue  surrounding  the 
ulceration  is  much  infiltrated,  and  there  is  always  haemorrhage  in  it.  After 
death  the  membranes  of  the  brain  and  cord  are  found  much  injected,  and 
so  also  the  grey  matter  of  the  medulla  and  cord ;  occasionally  there  is  a 
slight  accumulation  of  red  and  white  blood-corpuscles  around  the  vessels. 

Nicolaier  (' Inaugural  Diss.,' Gottingen,  1885)  made  the  important  dis- 
covery that  earth  taken  from  superficial  layers  of  the  soil  is  often  capable  of 
producing,  when  inoculated  into  the  subcutaneous  tissue  of  the  mouse,  rabbit, 
or  guineapig,  a  local  suppuration  and  hsemorrhagic  effusion  about  the  seat  of 
inoculation,  rapidly  followed  by  typical  tetanus  and  death.  In  that  earth  and 
in  the  pus  and  exudation  of  the  seat  of  inoculation  he  demonstrated  the 
constant  presence  of  fine,  straight  bacilli,  which  he  considered  as  the  tetanus 
bacilli.  The  purulent  matter  containing  these  bacilli,  inoculated  into  fresh 
mice,  rabbits,  or  guineapigs,  again  produces  tetanus.  Eosenbach  (*  Archiv  f. 
klin.  Chirurgie,'  Band  XXXIV.,  1886)  showed  that  the  same  bacilli  exist  in  the 
exudation  at  the  place  of  infection  in  human  tetanus.  Hochsinger,  Beumer 
and  Peiper,  Bonone,  Shakespeare,  Eaun,  and  many  others  have  confirme-I 
the  existence  of  these  bacilli  in  tetanus,  but  no  one  of  these  succeeded  in 
cultivating  them  in  pure  cultivations.  Though  numerous  cultivations  have 
been  established,  and  tetanus  has  been  produced  in  animals  with  them  by 
the  aid  of  foreign  bodies — cotton  wool,  splinters,  &c. — yet  these  cultivations 
were  always  in  an  impure  state,  until  recently  Kitisato  ('Zeitschrift  f. 
Hygiene,'  Band  VII.,  p.  225)  succeeded  in  cultivating  the  tetanus  bacillus 
of  Nicolaier  in  pure  cultivations  (see  Plate  XXIX.,  fig.  37)  and  in  producing- 
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tetanus  with  such  pure  cultures.  Minimal  doses  inoculated  into  mice 
produced  tetanus  in  twenty-four  hours,  death  in  two  to  three  days.  In  the 
case  of  rats,  rabbits,  and  guineapigs  the  dose  had  to  be  somewhat  larger, 
0'3-0*5  c.c.  of  broth  culture.  Eats  and  guineapigs  are  ill  with  tetanus  even 
after  twenty-four  to  thirty  hours,  rabbits  not  before  two  to  three  days.  On 
joost-mortem  examination  of  such  animals  there  is  no  suppuration  at  the  seat 
of  the  inoculation,  but  only  hypersemia ;  hence  the  suppuration  observed 
in  other  cases  is  not  an  essential  feature,  and  in  former  experiments  and  in 
the  case  of  human  bemgs  is  probably  only  due  to  the  presence  of  the  foreign 
bodies  themselves  (earth,  splinters,  &c.)  which  were  the  vehicles  of  the  tetanus 
bacilli ;  in  the  internal  organs  there  is  no  definite  change.  In  the  organs 
there  are  no  bacilli  present,  nor  was  it  possible  to  produce  tetanus  in  other 
animals  by  inoculating  them  with  the  cord,  nerves,  blood,  or  spleen  of  the 
animals  dead  of  tetanus.  In  rabbits,  Kitisato  produced  typical  tetanus  by 
injection  of  0*5  cubic  centimetre  of  broth  culture  of  the  tetanus  bacillus  into 
the  vein  of  the  ear.  Also  by  injection  of  the  culture  into  the  dura  mater 
after  trephining,  Kitisato  produced  typical  tetanus  ;  but  neither  in  the  brain, 
nor  in  the  cord,  nor  in  the  blood  or  other  viscera  of  these  animals,  could 
the  tetanus  bacilli  be  found. 

The  success  of  obtaining  pure  cultures  of  the  tetanus  bacilli  was  achieved 
by  Kitisato  by  cultivating  tetanus  pus  anaerobically  ;  preliminarily  to  this  he 
watched  for  the  time  when  in  ordinary  cultures  of  the  tetanus  pus  on  serum 
or  agar  he  found  organisms  amongst  the  different  species  of  bacteria  present, 
which,  by  their  peculiar  shape  and  by  their  containing  a  terminal  thick  spore, 
he  recognised  as  the  tetanus  bacilli.  By  exposing  such  impure  cultures  for 
three-quarters  of  an  hour  to  an  hour  in  water  at  80°  C.  all  bacteria  were 
killed  except  the  spores.  With  material  thus  treated  he  made  gelatine  plate 
and  tube  cultures,  but  in  such  a  way  that  the  air  was  excluded  by  substituting 
for  it  an  atmosphere  of  hydrogen  gas,  or  by  planting  the  bacilli  in  the  depth 
of  the  gelatine.  Under  these  anaerobic  conditions  he  obtained  pure  cultures 
(Plate  XXIX.  fig.  37).  In  this  figure  the  character  of  the  cultures  is  well 
seen ;  the  microscopic  appearance  of  the  bacilli  is  shown  in  fig.  102. 

It  appears,  then,  from  these  exact  researches  that  the  introduction  of  the 
tetanus  bacilli  under  the  skin  is  followed  by  the  production  by  them  of  a 
chemical  virus,  which,  as  it  is  being  produced  at  the  seat  of  inoculation,  is 
absorbed  into  the  system  and  sets  up  the  disease  ;  but  the  bacilli  themselves 
appear  to  remain  limited  to  the  seat  of  inoculation,  and  do  not  enter  the 
blood  or  any  other  tissue,  and  therefore  only  the  seat  of  the  inoculation  con- 
tains the  infective  principle,  i.e.  the  bacilli ;  for  this  reason,  the  brain,  cord, 
nerves,  blood,  and  viscera  have  no  power  of  producing  infection. 

Brieger  has,  as  a  matter  of  fact,  isolated  from  the  exudation  at  the  seat 
of  infection  in  human  tetanus  a  toxic  principle,  tetanin,  the  injection  of 
which  produces  tetanus  symptoms  in  animals ;  and  Kitisato  showed  this 
held  good  also  for  the  tetanin  obtained  from  the  cultures  of  the  tetanus 
bacilU. 

Behring  and  Kitisato  ('  Zeitschrift  fiir  Hygiene,'  X.)  showed  that  the 
blood  of  rabbit  (previously  made  insusceptible  to  tetanus)  injected  into  a 
mouse  (otherwise  susceptible  to  tetanus)  neutralises  in  this  latter  the  action 
of  the  tetanus  bacillus. 

Vaillard  and  Vincent  (*La  Semaine  mMicale,'  No.  51,  1890)  have  pub- 
lished strong  chemical  evidence  to  show  that  tetanin  is  neither  an  albumose 
nor  an  alkaloid,  but  is  related  in  its  chemical  characters  to  snake  poison. 

Buchner  and  also  Kitt  (*  Centralb.  f.  Bact.  und  Parasit,,'  VII.,  No.  10)  have 
also    succeeded  in  obtaining  pure  cultures  of  the  tetanus  bacilH.     Their 
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■characters  agree  with  those  stated  by  Kitisato,  except  that  Kitt  found  that 
the  tetanus  bacilli  obtained  from  the  horse  Uquefy  solid  blood  serum.  Kitt 
points  out  that  in  the  tetanus  of  horses — a  not  uncommon  disease — the  pus 
taken  from  the  local  abscess,  generally  about  the  hoof,  when  inoculated  into 
mice  and  horses,  produces  without  fail  fatal  tetanus.  Kitt  has  found  that 
such  pus  dried  even  for  four  months,  when  inoculated  in  minimal  doses,  has 
still  virulent  action ;  this  fact  is  easily  explained  by  remembering  that  the 
tetanus  bacilli  present  in  the  pus  and  in  the  local  exudation  contain  spores. 

In  his  '  Experimental  Eesearches  on  the  Poison  of  Tetanus  '  ('  Zeitschr. 
f.  Hygiene,'  X.,  2)  Kitisato  gives  a  full  account  of  the  influence  of  light,  heat, 
drying,  and  of  various  chemical  substances  on  the  tetanus  poison. 

Tizzoni  and  Cattani,  in  a  series  of  memoirs,  demonstrated  the  means 
lay  which  animals,  naturally  possessed  of  slight  or  great  susceptibility,  can 
be  made  altogether  insusceptible  to  tetanus  ;  further,  the  blood  serum  of 
animals,  made  previously  insusceptible,  when  injected  into  animals  possesses 
aj  decided  antitoxic  action.  They  have  isolated  from  such  blood  serum  this 
substance — the  tetanus  antitoxin — by  precipitating  with  alcohol,  drying  in 
vacuo,  and  dissolving  in  water.  In  four  cases  of  human  tetanus,  the 
disease  was  arrested  by  the  injection  of  the  antitoxin  of  Tizzoni,  and  the 
patients  recovered  ('  Centralbl.  f.  Bact.  und  Parasit.,'  Band  X.,  No.  24,  p.  785). 

Eabies  or  Htdeophobia 

This  disease,  which  always  terminates  fatally,  is  common  to  man  and 
carnivorous  animals:  to  man  it  is  invariably  transmitted  from  a  rabid 
animal — dog,  wolf,  cat.  Dogs  are  the  common  breeders  of  this  malady,  next 
come  wolves.  In  Eussia  especially  this  species  yields  a  considerable  number 
of  cases.  In  India,  rabies  amongst  dogs  is  common,  amongst  jackals  not 
uncommon.  Cats  when  bitten  or  infected  by  rabid  dogs  become  affected  with 
rabies ;  cows,  horses,  asses,  sheep,  and  deer  are  susceptible  to  rabies,  and 
occasionally  become  affected  by  it  owing  to  the  bite  from  a  rabid  dog ; 
rabbits  and  monkeys  have  been  experimentally  proved  by  Pasteur  to  be 
easily  susceptible  to  the  disease. 

The  pathology  of  the  disease  in  man  does  not  offer  striking  changes ; 
and  they  are  chiefly  limited  to  the  place  of  infection,  i.e.  the  bite  of  a  rabid 
animal.  The  wound  with  the  onset  of  the  disease  is  tumid,  injected,  and 
painful — in  fact,  it  is  this  change  in  the  place  of  infection  which  indicates  the 
onset  of  the  disease,  previous  to  the  actual  outbreak  of  the  disease.  There  is 
no  symptom  observed  at  the  place  of  inoculation  during  incubation.  After 
death  the  most  noteworthy  pathological  changes  refer  to  the  salivary  glands, 
the  stomach,  and  the  central  nervous  system.  In  all  these  organs  we  find 
general  congestion  :  in  the  salivary  glands  the  gland  alveoli  are  in  a  state  of 
exhaustive  secretion  ;  in  the  parotid  the  gland  cells  of  the  alveoli  are  swollen 
and  opaque,  and  the  lumen  of  the  alveoli  almost  obliterated ;  in  the  submaxil- 
lary gland  the  number  of  mucous  alveoli  is  greatly  in  excess  of  what  is  the 
case  in  the  normal  gland ;  the  cells  of  all  mucous  alveoli  are  in  a  state  of 
extreme  mucous  change  ;  and  at  the  same  time  there  are  present  numerous 
round  cells  in  the  interalveolar  and  interlobular  connective  tissue.  The 
most  noteworthy  changes  are  found  in  the  central  nervous  system.  Besides 
the  general  congestion  of  the  blood-vessels,  many  vessels  of  the  grey  matter 
are  surrounded  by  leucocytes  and  red  blood- corpuscles,  almost  forming  in 
some  places  special  sheaths  of  white  and  red  corpuscles  in  the  perivascular 
lymph  spaces  surrounding  the  blood-vessels  ;  also  in  the  lymph  spaces 
surrounding  the  ganglion  cells,  i.e.  the  pericellular  lymph  spaces,  a  few 
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leucocytes  are  contained.  In  the  central  nervous  system  the  accumulation 
of  cells  in  the  perivascular  and  pericellular  lymph  spaces  is  very  marked.. 
In  animals  (dogs,  rabbits)  the  mucous  and  serous  coats  of  the  stomach,, 
particularly  the  former,  show  petechia  and  extensive  patches  of  haemor- 
rhages ;  in  the  dog  affected  naturally  with  rabies — street  rabies — the  sub- 
maxillary glands  are  swollen,  congested,  and  the  mucous  cells  hning  the- 
alveoli  enlarged  and  full  of  mucus. 

That  rabies  is  a  communicable  disease,  transmitted  from  animal  to  animal^, 
and  from  animal  to  man  by  the  bite  of  a  rabid  animal,  has  been  well  recognised 
by  physicians  and  veterinarians,  though  the  spontaneous  origin  of  the  disease 
has  been  occasionally  asserted ;  but  not  until  Pasteur's  observations  was  it 
proved  that  the  disease  is  experimentally  transmissible  from  animal  to  animal.. 
The  experimental  proof  furnished  by  Pasteur  has  been  the  starting  point  for 
a  more  precise  understanding  of  the  malady,  till  then  shrouded  in  a  good 
deal  of  mystery  ;  it  has  further  been  the  beginning  of  an  entirely  new  era  in 
the  prophylaxis  against  this  terrible  disorder,  a  prophylaxis,  the  value  of 
which  can  now  no  longer  be  doubted.  The  discoveries  by  Pasteur  of  the 
nature  of,  and  protective  inoculation  against,  this  malady  may  justly  be  re- 
garded as  some  of  those  few  discoveries  which  mark  a  new  epoch  in  scientific 
medicine.  Before  Pasteur's  researches  the  experimental  production  of  rabies 
was  practically  unknown  ;  Pasteur  showed  that  the  central  nervous  system  of 
an  animal  or  human  being  dead  of  rabies  contains  the  virus  of  the  disease, 
and  that  if  a  portion  of  such  central  nervous  system — the  cord  in  the  fresh 
state — be  injected  subduraUy  into  a  susceptible  animal,  this  latter  becomes,, 
with  absolute  certainty,  the  subject  of  the  malady,  the  period  intervening 
between  the  injection  and  the  actual  outbreak  of  the  disease  differing  with 
the  material  used  and  with  the  animal  into  which  it  is  injected.  This  dis- 
covery at  once  proved  of  immense  diagnostic  value,  since  it  was  now  possible 
to  determine  whether  in  a  given  case  the  human  being  or  the  animal,  as  the 
case  may  be,  had  really  died  from  hydrophobia.  This  proof  was  of  especial 
importance  in  those  cases  in  which  the  pathology  and  symptoms  of  the 
antecedent  disease  had  not  been  typical,  and  where  the  diagnosis  of  rabies 
could  not  be  formed  with  anything  like  certainty  from  the  chnical  and 
pathological  point  of  view,  and  such  cases,  as  is  well  known,  are  not  by  any 
means  rare.  With  Pasteur's  discovery  it  became  easy  to  decide  the  question  : 
the  fresh  spinal  cord  (a  portion  emulsified  in  water  or  broth)  injected 
subduraUy  into  a  rabbit  produces  rabies  with  absolute  certainty,  if  the 
human  being  or  animal  from  whom  that  cord  was  taken  had  really  died 
from  hydrophobia.  This  is  a  considerable  step  in  advance  of  all  previous 
knowledge,  and  in  itself  represents  a  definite  landmark. 

We  cannot  do  better  than  quote  in  extenso  from  the  Eeport  of  the 
English  Commission  on  Pasteur's  Eesearches  on  Hydrophobia  (consisting  of 
Sir  James  Paget,  chairman  ;  Dr.  T.  Lauder  Brunton,  Dr.  G.  Fleming, 
Sir  Joseph  Lister,  Sir  E.  Quain,  Sir  Henry  Eoscoe,  Professor  Burdon- 
Sanderson,  and  Professor  V.  Horsley,  secretary).  A  r&sum&  of  experiments 
made  in  this  direction  by  Professor  Horsley  is  here  reproduced  from  that- 
report,  pp.  1  and  2  : 

'  Through  the  kindness  of  M.  Pasteur  two  rabbits  inoculated  by  him  were  placed  at 
the  disposal  of  the  committee  on  May  5,  1886,  and  were  conveyed  within  twenty- 
four  hours  safely  to  the  Brown  Institution,  where  the  experiments  were  carried  out  by  Mr. 
Horsley. 

'  In  these  two  rabbits  the  first  symptoms  of  rabies  appeared  on  May  11  and  12,  and 
the  disease  followed  exactly  the  course  described  by  M.  Pasteur. 

'  At  first  the  animals  appeared  dull,  but  continued  to  take  food  readily  until  symptoms. 
of  paralysis  appeared.    The  first  of  these  symptoms  was  commencing  paralysis  of  motion 
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of  the  hind  legs,  not  accompanied  by  any  loss  of  sensibility.  The  paralysis  soon  ex- 
tended to  the  muscles  of  the  forelegs  and  later  to  those  of  the  head,  and  the  animals  died 
comatose. 

'  After  post-mortem  examination,  portions  of  the  spinal  cord  of  each  of  these  rabbits 
■were  crushed  according  to  M.  Pasteur's  method  in  sterilised  broth,  and  the  liquid  so 
obtained  was  injected  beneath  the  dura  mater  into  four  rabbits  and  the  same  number  of 
•dogs,  all  being  first  rendered  insensible  with  chloroform  or  ether. 

'  Of  the  four  rabbits  so  inoculated,  the  first  two  showed  the  first  symptoms  seven  days 
after  the  inoculation,  the  third  and  fourth  on  the  sixth  day.  The  symptoms  as  well  as 
the  incubation  period  exhibited  by  these  rabbits  were  exactly  the  same  as  were  observed 
in  those  brought  from  M.  Pasteur's  laboratory.  Careful  notes  and  photographs  were  taken 
in  the  case  of  all  the  animals,  in  order  that  the  constant  and  specific  nature  of  the  disease 
might  be  demonstrated  by  observations  during  life  and  after  death.  It  was  also  observed 
that  during  the  incubation  period  the  temperature  of  the  body  remained  normal,  that  is, 
about  39"4°  C.  With  the  first  definite  symptom  the  temperature  rose  to  about  40*4°  C, 
which  is  the  temperature  usually  observed  during  the  first  day  of  the  obvious  illness.  By 
the  next  day  it  began  to  fall,  and  on  the  third  day,  after  the  appearance  of  the  first 
symptom,  it  averaged  37'5°  C.  On  the  last  day  it  was  always  below  normal,  and  on  one 
occasion  fell  before  death  to  24°  C.  The  animals  did  not  appear  to  suffer  any  pain  what- 
ever in  the  course  of  the  disease.  They  were  free  from  the  spasms  which,  in  the  earlier 
stages  of  the  malady  in  man,  form  so  painful  a  feature  of  the  disease,  and,  indeed,  the 
disease  in  them  resembled  throughout  that  rapidly  fatal  but  painless  disease  of  man 
known  as  acute  ascending  paralysis.' 

'  The  post-mortem  appearances  in  the  rabbits  were  remarkably  uniform.  As  a  rule, 
nothing  abnormal,  save  congestion,  presented  itself  either  in  the  brain,  spinal  cord,  heart, 
blood-vessels,  or  serous  membranes.  The  larynx,  pharynx  and,  more  especially,  the  epi- 
glottis and  the  root  of  the  tongue  were  frequently  intensely  congested.  The  lung  showed 
ahnost  invariably  capillary  congestion,  and  sometimes  small  patches  resembUng  broncho- 
pneumonia were  observed.  The  mucous  membrane  of  the  stomach  was  very  markedly 
congested,  and  there  were  at  its  cardiac  extremity  numerous  hemorrhages.'  The  constancy 
of  these  appearances  was  most  remarkable,  and  corresponded  in  every  particular  with 
those  subsequently  observed  in  rabbits  which  had  died  of  rabies  from  the  bite  of  rabid 
dogs. 

'  Of  the  four  dogs  inoculated,  the  first  showed  on  the  eighth  day  after  inoculation  an 
alteration  in  the  voice  and  commencing  excitement ;  on  the  following  day  the  excitement 
became  excessive,  and  the  bark  was  quite  characteristic ;  on  the  eleventh  day  the  dog  was 
aggressive,  notwithstanding  slight  paralysis  of  the  legs  ;  on  the  twelfth  day  the  paralysis 
had  increased  ;  and  on  the  next  day  there  was  complete  paralysis  and  coma,  and  death 
occurred  on  the  fifth  day  after  the  onset  of  the  symptoms. 

'  The  second  dog  showed  the  first  symptom  on  the  ninth  day  after  inoculation,  when  it 
was  very  dull  and  partially  paralysed  ;  its  bark  was  characteristic.  Next  day  the  paralysis 
was  almost  complete,  and  on  the  twelfth  day  the  animal  died.  This  was  therefore  a  case 
of  the  rapid  paralytic  form  ;  whilst  in  the  first  dog  the  disease  was  of  the  ordinary  furious 
form  of  rabies  terminating  in  paralysis. 

'  The  third  dog  showed  the  first  symptom  on  the  ninth  day  after  inoculation,  and  from 
that  time  became  gradually  paralysed,  and  died  on  the  sixteenth  day. 

'  The  fourth  dog  showed  the  first  symptom  in  from  eight  to  nine  days  after  inoculation, 
and  during  the  first  day  was  extremely  aggressive  ;  on  the  two  following  days  the  charac- 
teristic bark  was  observed ;  and  on  the  twelfth  day  there  was  paralysis  of  the  hind  legs ; 
it  died  on  the  thirteenth  day.  Thus  the  furious  form  and  the  paralytic  or  dumb  form  of 
rabies  were  represented  in  equal  numbers,  whereas,  in  the  usual  mode  of  infection  by 
biting,  the  former  is  more  prevalent. 

*  The  post-mortem  appearances  were  as  follows  :  The  brain  and  central  nervous  system 
were  in  some  of  the  dogs  the  seat  of  considerable  congestion,  in  others  these  organs 
appeared  normal.  The  serous  membranes  were  perfectly  normal ;  the  larynx  especially 
^nd,  sometimes,  the  pharynx  were  congested ;  the  lungs  always  congested,  especially  in 
the  lower  lobes;  the  heart  normal ;  the  blood  usually  fluid,  occasionally  vfith.  post-mortem 
■clots  ;  the  stomach  was  always  found  to  contain  foreign  bodies,  such  as  straw  ;  and  its 
mucous  membrane  was  congested,  frequently  showing  numerous  haemorrhages  ;  the  small 
intestine  was  always  empty,  and  the  large  glandular  organs  showed  venous  congestion. 

'  For  the  purpose  of  exact  comparison  of  the  disease  just  described  with  that  produced 
when  rabies  is  communicated  to  the  rabbit  in  the  ordinary  way,  some  rabbits  previously 

'  '  In  some,  signs  oi  post-mortem  digestion  were  found.' 
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narcotised  -wifli  ether  -were  caused  to  be  bitten  by  rabid  dogs  of  the  streets,  or  were  inocu- 
lated by  trephining  with  material  obtained  from  the  spinal  cord  of  dogs  or  other  animals 
which  had  died  of  rabies,  and  in  one  instance  from  that  of  a  man  who  had  died  with 
hydrophobia. 

'  Four  series  of  experiments  were  made  in  which  rabbits  were  bitten  by  rabid  dogs 
from  the  streets.  In  one  of  them  the  dog  by  which  the  rabbit  was  bitten  exhibited  the 
dumb  form,  in  others  the  furious  form  of  the  disease.  In  each  series  excepting  the  first 
a  large  proportion  of  the  rabbits  died;  the  symptoms  presenting  themselves  in  these- 
cases  were  identical  with  those  observed  in  the  rabbits  inoculated  from  M.  Pasteur's 
virus,  but  the  duration  of  the  symptoms  was  usually  longer.  As  has  been  stated,  rabbits 
inoculated  by  M.  Pasteur's  virus  rarely  show  symptoms  during  more  than  three  days  before 
death,  whereas  the  rabbits  bitten  by  rabid  dogs  from  the  streets  often  live  for  a  week  after 
the  appearance  of  the  first  symptoms. 

'  The  post-mortem  appearances  in  the  rabbits  dying  after  having  been  bitten  by  rabid 
dogs  of  the  streets  were  the  same  as  those  already  described  in  rabbits  inoculated  with 
the  virus  from  M.  Pasteur's  rabbits. 

'  In  the  case  of  rabbits  inoculated  by  trephining  with  the  virus  from  animals  dying  of 
rabies  of  the  streets,  the  incubation  period  was  from  fourteen  to  twenty-one  days.  In  all 
cases  the  symptoms  were  similar  to  those  produced  by  M.  Pasteur's  virus,  and  those  of 
rabbits  bitten  by  rabid  dogs  from  the  streets,  but  in  the  prolongation  of  the  disease 
approached  more  closely  in  character  to  the  latter. 

'  The  results  of  these  experiments  confirm  several  of  the  chief  observations  made  by  M. 
Pasteur,  especially — 

'  1.  That  the  virus  of  rabies  may  certainly  be  obtained  from  the  spinal  cords  of  rabbits 
and  other  animals  that  have  died  of  that  disease. 

'  2.  That,  thus  obtained,  the  virus  may  be  transmitted  by  inoculation  through  a  succes- 
sion of  animals  without  any  essential  alteration  in  the  nature,  though  there  may  be  som& 
modifications  of  the  form,  of  the  disease  produced  by  it. 

'  3.  That,  in  transmission  through  rabbits,  the  disease  is  rendered  more  intense,  both 
the  period  of  incubation  and  the  duration  of  life  after  the  appearance  of  symptoms  of 
infection  being  shortened. 

'  4.  That,  in  different  cases,  the  disease  may  be  manifested  either  in  the  form  called  dumb 
or  paralytic  rabies,  which  is  usual  in  rabbits  ;  or  in  the  furious  form  usual  in  dogs ;  or  in 
forms  intermediate  between  or  combining  both  of  these,  but  that  in  all  it  is  true  rabies. 

'  5.  The  period  of  incubation  and  the  intensity  of  the  symptoms  may  vary  according  to- 
the  method  in  which  the  virus  is  introduced,  the  age  and  strength  of  the  animal,  and  some 
other  circumstances  ;  but,  however  variable  in  its  intensity,  the  essential  characters  of  the 
disease  are  still  maintained. 

'  The  certainty  that  the  virus  of  rabies  can  thus  be  transmitted  without  essential  change 
made  it  desirable,  in  the  next  place,  to  ascertain  whether,  as  M.  Pasteur  states,  it  can  be 
so  attenuated  that  it  may  be  inoculated  without  risk  to  life,  and  whether  animals  thus 
inoculated  are  thus  made  safe  from  rabies.' 

The  next  point  ascertained  by  M.  Pasteur  was  the  possibility  of  preventive 
or  protective  inoculation.  The  spinal  cord  of  an  animal  dead  of  natural 
or  experimental  rabies,  and  subjected  to  drying,  was  found  to  lose  virulence 
in  the  proportion  of  its  drying,  so  that  according  to  the  period  of  drying, 
strong,  medium,  or  weak  virus  may  be  obtained,  the  injection  of  the  first 
producing  rabies,  and  the  latter  producing  shght  or  no  appreciable  result. 

Animals  bitten  by  a  rabid  dog,  and  soon  after,  i.e.  in  the  early  part  of  the 
incubation  period,  sulajected  to  inoculation  with  the  above-mentioned  virus,  can 
be  prevented  from  developing  the  disease,  the  inoculation  being  carried  out  on 
repeated  occasions,  starting  with  virus  of  lesser  virulence,  i.e.  from  a  cord 
dried  longer,  and  following  with  injection  of  a  cord  of  increasing  virulence,  and 
finishing  with  inoculation  of  a  cord  of  intensive  virulence,  such  as  if  at  once 
used  would  unfailingly  produce  fatal  rabies.  Under  this  mode  of  treatment 
the  animal  does  not  contract  the  disease,  and  the  effect  of  the  original  infec- 
tion, i.e.  by  the  bite  of  a  rabid  dog,  is  prevented.  In  a  like  manner  intact 
dogs  treated  in  this  way  and  then  subjected  to  infection  with  rabic  virus 
(either  by  the  bite  of  a  rabid  dog  or  by  artificial  injection  with  virulent 
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material),  prove  themselves  completely  protected.  To  test  this  important 
proposition  the  English  Commission  made  the  following  experiments  {ibid. 
pp.  2  and  3): — 

'  Six  dogs  were  "  protected"  by  injecting  subcutaneously  the  emulsions  of  spinal  cords 
of  rabbits  which  had  died  of  rabies,  beginning  with  that  of  a  cord  which  had  been  dried 
for  fourteen  days  and,  on  each  following  day,  using  that  of  a  cord  which  had  been  dried 
for  one  day  less,  till  at  last  that  from  a  fresh  cord  was  used. 

'  None  of  these  dogs  suffered  from  the  injections  ;  and  when  they  were  completed,  the 
sis  dogs  thus  "  protected,"  and  two  others  unprotected,  and  some  rabbits  unprotected, 
were  made  insensible  with  ether,  and  were  then  bitten  by  rabid  dogs,  or  by  a  rabid  cat,  on 
an  exposed  part. 

'  A  "  protected  "  dog,  No.  1,  was  bitten  on  July  8, 1886,  by  a  dog  which  wasparalytically 
rabid.     It  remains  perfectly  well. 

'  An  "  unprotected  "  dog,  No.  1,  was  bitten  a  few  minutes  afterwards  by  the  same  rabid 
dog,  and  died  paralytically  rabid. 

'  A  "  protected  "  dog,  No.  2,  was  bitten  on  November  6,  1886,  by  a  dog  which  was  furi- 
ously rabid  ;  it  remains  well.  At  the  same  time,  four  "  unprotected  "  rabbits  were  bitten 
by  the  same  rabid  dog,  and  of  these  two  died  of  rabies  in  the  usual  form  (i.e.  50  per  cent. 
of  animals  bitten). 

'The  same  result  followed  with  the  "  protected  "  dog.  No.  3,  and  the  "  unprotected  " 
rabbits,  bitten  at  the  same  time.     The  dog  still  lives  ;  the  rabbits  died  of  rabies. 

'  The  "  protected  "  dogs,  Nos.  4  and  5,  were  bitten  on  January  20, 1887,  by  a  furiously 
rabid  dog ;  and  on  the  same  day  the  "  unprotected  "  dog,  No.  2,  and  three  "  unprotected  " 
rabbits  were  bitten  by  the  same  dog.  The  protected  dogs  remain  well ;  the  unprotected 
dog  and  two  rabbits  died  with  rabies  (i.e.  75  per  cent,  of  the  animals  bitten). 

'  The  "  protected  "  dog,  No.  6,  was  bitten  on  three  different  occasions  by  a  furiously  rabid 
cat  on  September  7,  1886  ;  by  a  furiously  rabid  dog  on  October  7,  1886  ;  and  by  another 
furiously  rabid  dog  on  November  6,  1886.  It  died  ten  weeks  after  being  bitten  for  the  third 
time,  but  not  of  rabies.  It  had  been  suffering  with  diffuse  eczema  during  the  whole  of  the 
time  that  it  was  under  observation,  and  it  died  of  this.  At  the  post-mortem  examination, 
no  indication  of  rabies  was  found ;  and  two  rabbits  inoculated  by  trephining  with  the 
crushed  spinal  cord  showed  no  sign  of  rabies,  either  during  hfe  or  when  they  were  killed 
several  months  afterwards,  in  any  appearance  after  death.  It  was  thus  made  certain  that 
the  dog  was  not  rabid.' 

In  these  experiments  it  was  found  that  the  cord  of  a  rabbit  dead  of  the 
disease,  dried  at  20°  C.  over  caustic  potash  for  fourteen  days,  is  the  weakest 
degree  of  virulence  to  be  employed  ;  dried  for  one  day  the  strongest ;  longer 
drying  than  fourteen  days  almost  destroys  the  virus.  Pasteur  then  pro- 
ceeded to  use  this  method  for  preventive  inoculation  of  human  beings  bitten 
by  rabid  dogs  ( '  Eeport,'  p.  3,  and  pp.  4,  5,  and  6). 

'  The  evidence  that  an  animal  may  thus,  by  progressive  inoculations,  be  protected  from 
rabies  suggested  to  M.  Pasteur  that  if  any  animal  or  any  person,  though  unprotected,  were 
bitten  by  a  rabid  dog,  the  fatal  influence  of  the  virus  might  be  prevented  '  by  a  timely 
series  of  similar  progressive  inoculations.  He  has  accordingly,  in  the  institution  esta- 
blished by  him  in  Paris,  thus  inoculated  a  very  arge  number  of  persons  believed  to  have 
been  bitten  by  rabid  animals  ;  and  we  have  endeavoured  to  ascertain  with  what  amount 
of  success  he  has  done  so. 

'  The  question  might  be  answered  with  numerical  accuracy  if  it  were  possible  to  ascer- 
tain the  relative  numbers  of  cases  of  hydrophobia  occurring  among  persons  of  whom,  after 
being  similarly  bitten  by  really  rabid  animals,  some  were  and  some  were  not  inoculated. 
But  an  accurate  numerical  estimate  of  this  kind  is  not  possible. 

'  1.  It  is  often  difficult,  and  sometimes  impossible,  to  ascertain  whether  the  animals  by 
which  people  were  bitten,  and  which  were  believed  to  be  rabid,  were  really  so.     They  may 

'  '  The  terms  referring  to  "  preventive  "  treatment  will  be  used  for  that  designed  to 
prevent  the  occurrence  of  the  disease  in  one  already  infected  ;  those  referring  to  "  protec- 
tive "  treatment  for  that  designed  to  protect  a  man  or  an  animal  from  the  risk  of  becom- 
ing infected.  And  it  may  be  well  to  state  that,  though  the  usual  custom  is  followed  of 
employing  the  name  of  "  hydrophobia"  for  the  disease  in  men,  and  of  "  rabies  "  for  that 
in  animals,  they  are  really  the  same  disease.' 
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have  escaped,  or  may  have  been  killed  at  once,  or  may  have  been  observed  by  none  but 
persons  quite  incompetent  to  judge  of  their  condition. 

'  2.  The  probability  of  hydrophobia  occurring  in  persons  bitten  by  dogs  that  were  cer- 
tainly rabid  depends  very  much  on  the  number  and  character  of  the  bites  ;  whether  they 
are  on  the  face  or  hands  or  other  naked  parts,  or  if  they  have  been  inflicted  on  parts 
covered  with  clothes,  their  effects  may  depend  on  the  texture  of  the  clothes  and  the  extent 
to  which  they  are  torn  ;  and  in  all  cases  the  amount  of  bleeding  from  the  wounds  may 
affect  the  probability  of  absorption  of  virus. 

'3.  In  all  cases,  the  probability  of  infection  from  bites  may  be  affected  by  speedy 
cauterising  or  excision  of  the  wounded  parts,  or  by  various  washings  or  other  methods  of 
treatment. 

'  4.  The  bites  of  different  species  of  animals,  and  even  of  different  dogs,  are  probably, 
for  various  reasons,  unequally  dangerous.  Last  year,  at  Deptford,  five  children  were 
bitten  by  one  dog  and  all  died  ;  in  other  cases  a  dog  is  said  to  have  bitten  twenty  persons, 
of  whom  only  one  died.  And  it  is  certain  that  the  bites  of  rabid  wolves,  and  probably 
that  those  of  rabid  cats,  are  far  more  dangerous  than  those  of  rabid  dogs. 

'  The  amount  of  uncertainty  due  to  these  and  other  ca,uses  may  be  expressed  by  the 
fact  that  the  percentage  of  deaths  among  persons  who  have  been  bitten  by  dogs  beheved 
to  have  been  rabid,  and  who  have  not  been  inoculated,  or  otherwise  treated,  has  been,  in 
some  groups  of  cases,  estimated  at  the  rate  of  only  5  per  cent.,  in  others  at  60  per  cent., 
and  in  others  at  various  intermediate  rates.  The  mortality  from  the  bites  of  rabid  wolves, 
also,  has  been,  in  different  instances,  estimated  at  from  30  to  95  per  cent. 

'  To  ascertain,  as  far  as  possible,  the  influence  of  these  sources  of  fallacy  in  cases  inocu- 
lated by  M.  Pasteur,  the  members  of  the  committee  who  went  to  Paris  requested  him  to 
enable  them  to  investigate,  by  personal  inquiry,  the  cases  of  some  of  those  who  had  been 
treated  by  him.  He  at  once,  and  very  courteously,  assented,  and  the  names  of  ninety  persons 
were  taken  from  his  note-books.  No  selection  was  made,  except  that  the  names  were 
taken  from  his  earliest  cases,  in  which  the  periods  since  inoculation  were  longest,  and 
from  those  of  persons  hving  within  reach  in  Paris,  Lyons,  and  St.  Etienne. 

'  The  notes  made  on  the  spot  concerning  all  these  cases  are  given  in  the  Appendix 
(p.  3),  and  they  include,  as  far  as  was  possible,  the  evidence  whether  the  dogs  deemed  rabid 
were  really  so,  the  situation  and  kind  of  bites,  the  immediate  treatment  of  them,  the  state- 
ments of  medical  practitioners  and  veterinary  surgeons  to  whom  any  useful  facts  were 
known. 

'  Among  the  ninety  eases  there  were  twenty-four  in  which  the  patients  were  bitten  on 
naked  parts  by  undoubtedly  rabid  dogs,  and  the  wounds  were  not  cauterised  or  treated  in 
any  way  likely  to  have  prevented  the  action  of  the  virus  ;  there  were  thirty-one  in  which 
there  was  no  clear  evidence  that  the  dog  was  rabid ;  others  in  which  the  bite,  though  inflicted 
by  undoubtedly  rabid  animals,  ha%ang  been  through  clothes,  may  thus  have  been  rendered 
harmless.  Among  these,  therefore,  it  is  probable  that,  even  if  they  had  not  been  iaoculated, 
few  would  have  died.  Still,  the  results  observed  in  the  total  of  the  ninety  cases  may  justly 
be  compared  with  those  observed  in  large  numbers  of  cases  similar  to  these  as  regards  the 
uncertainties  of  infection,  but  not  inoculated.  The  estimates  published  as  to  the  mor- 
talities in  such  unassorted  cases  are,  as  we  have  said,  widely  various.  We  believe  that 
among  the  ninety  persons,  including  the  twenty-four  bitten  on  naked  parts,  not  less  than 
eight  would  have  died  if  they  had  not  been  inoculated.  At  the  time  of  the  inquiry,  in 
April  and  May  1886,  which  was  at  least  eighteen  weeks  since  the  treatment  of  the  bites, 
not  one  had  shown  any  signs  of  hydrophobia,  nor  has  any  one  of  them  since  died  of  that 
disease. 

'  Thus,  the  personal  investigation  of  M.  Pasteur's  cases  by  members  of  the  committee 
was,  so  far  as  it  went,  entirely  satisfactory,  and  convinced  them  of  the  perfect  accuracy  of 
his  records. 

'  After  the  first  few  months  in  which  M.  Pasteur  practised  his  treatment,  he  was  occa- 
sionally obliged,  in  order  to  quiet  fears,  to  inoculate  persons  who  believed  that  they  had  been 
bitten  by  rabid  animals,  but  could  give  no  satisfactory  evidence  of  it.  It  might,  there- 
fore, be  deemed  unjust  to  estimate  the  total  value  of  his  treatment  in  the  whole  of  his 
cases  as  being  more  than  is  represented  by  the  difference  between  the  rate  of  mortality 
observed  in  them  and  the  lowest  rate  observed  in  any  large  number  of  cases  not  inocu- 
lated. This  lowest  rate  may  be  taken  at  5  per  cent.  Between  October  1885  and  the  end 
of  December  1886  M.  Pasteur  inoculated  2,682  persons,  including  127  who  went  from  this 
country  {see  Appendix,  p.  19).  Of  the  whole  number,  at  the  rate  of  5  per  cent.,  at  least 
130  should  have  died.  At  the  end  of  1886  the  number  of  deaths  stated  by  M.  Vulpian, 
■speaking  for  M.  Pasteur,  was  thirty-one,  including  seven  bitten  by  wolves,  in  three  of 
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whom  the  symptoms  of  hydrophobia  appeared  while  they  were  under  treatment,  and  be- 
fore the  series  of  inoculations  were  complete.  Since  1886  two  more  of  those  inoculated  in 
that  year  have  died  of  hydrophobia. 

'  The  number  of  deaths  assigned  by  those  who  have  sought  to  prove  the  inutility  of  M. 
Pasteur's  treatment  is,  as  nearly  as  we  can  ascertain,  forty  out  of  the  2,682 ;  and  in  this 
number  are  included  the  seven  deaths  from  bites  by  wolves,  and  probably  not  less  than 
four  in  which  it  is  doubtful  whether  the  deaths  were  due  to  hydrophobia  or  to  some  other 
disease.  Making  fair  allowance  for  uncertainties  and  for  questions  which  cannot  now  be 
settled,  we  believe  it  sure  that,  excluding  the  deaths  after  bites  by  rabid  wolves,  the  pro- 
portion of  deaths  in  the  2,634  persons  bitten  by  other  animals  was  between  1  and  1-2  per 
cent. ;  a  proportion  far  lower  than  the  lowest  estimated  among  those  not  submitted  to  M. 
Pasteur's  treatment,  and  showing,  even  on  this  lowest  estimate,  the  saving  of  not  less  than 
100  hves. 

'  The  evidence  of  the  utility  of  M.  Pasteur's  method  indicated  by  these  numbers  is  con- 
firmed by  the  results  obtained  in  certain  groups  of  his  cases. 

'  Of  233  persons  bitten  by  animals  in  which  rabies  was  proved,  either  by  inoculation 
from  their  spinal  cords,  or  by  the  occurrence  of  rabies  in  other  animals  or  in  persons 
bitten  by  them,  only  four  died.  Without  inoculation  it  would  have  been  expected  that  at 
least  forty  would  have  died. 

'  Among  186  bitten  on  the  head  or  face  by  animals  in  which  rabies  was  proved  by  ex- 
perimental inoculations  or  was  observed  by  veterinary  surgeons,  only  nine  died,  instead 
of  at  least  forty  ;  and  of  the  forty-eight  bitten  by  rabid  wolves  only  nine  died,  while,  without 
the  preventive  treatment,  the  mortality,  according  to  the  most  probable  estimates  yet  made, 
would  have  been  nearly  thirty. 

'  Between  the  end  of  last  December  and  the  end  of  March,  M.  Pasteur  inoculated  509 
persons  bitten  by  animals  proved  to  have  been  rabid,  either  by  inoculation  with  their 
spinal  cords,  or  by  the  deaths  of  some  of  those  bitten  by  them,  or  as  certified  by  veterinary 
surgeons.  Only  two  have  died,  and  one  of  these  was  bitten  by  a  wolf  a  month  before 
inoculation,  and  died  after  only  three  days'  treatment.  If  we  omit  half  of  the  cases  as 
being  too  recent,  the  other  250  have  had  a  mortality  of  less  than  1  per  cent.,  instead  of 
20  or  80  per  cent. 

'  It  has  been  objected  that  the  number  treated  by  M.  Pasteur,  which,  from  October  1885 
to  the  end  of  1886,  included  1,929  French  and  Algerians,  was  much  greater  than  could 
reasonably  be  supposed  to  have  been  bitten  by  rabid  animals.  But  there  had  hitherto 
been  no  careful  registration  of  such  cases,  and  the  numbers  that  have  occurred  in  the 
present  year  are  not  less  than  in  the  same  part  of  last  year,  when  the  alarm  about  hydro- 
^  phobia  was  greatest. 

'  From  the  evidence  of  all  these  facts,  we  think  it  certain  that  the  inoculations  practised 
by  M.  Pasteur  on  persons  bitten  by  rabid  animals  have  prevented  the  occurrence  of  hydro- 
phobia in  a  large  proportion  of  those  who,  if  they  had  not  been  so  inoculated,  would  have 
died  of  that  disease.  And  we  believe  that  the  value  of  his  discovery  will  be  found  much 
greater  than  can  be  estimated  by  its  present  utihty,  for  it  shows  that  it  may  become  possible 
.  to  avert  by  inoculation,  even  after  infection,  other  diseases  besides  hydrophobia.  Some  have, 
indeed,  thought  it  possible  to  avert  small-pox  by  vaccinating  those  very  recently  exposed 
to  its  infection,  but  the  evidence  of  this  is,  at  the  best,  inconclusive  ;  and  M.  Pasteur's 
may  justly  be  deemed  the  first  proved  method  of  overtaking  and  suppressing  by  inocula- 
tion a  process  of  specific  infection.  His  researches  have  also  added  very  largely  to  the 
knowledge  of  the  pathology  of  hydrophobia  and  have  supplied  what  is  of  the  highest 
practical  value,  namely,  a  sure  means  of  determining  whether  an  animal,  which  has  died 
.  under  suspicion  of  rabies,  were  really  affected  with  that  disease  or  not. 

'  The  question  has  been  raised  whether  M.  Pasteur's  treatment  can  be  submitted  to 
without  danger  to  health  or  life,  and  in  answering  it,  it  is  necessary  to  refer  to  two 
different  methods  of  inoculation  which  he  has  practised,  and  which  are  fully  described  in 
the  Appendix  (p.  21). 

'  In  the  first,  which  may  be  called  the  ordinary  method,  and  which  has  been  employed 
in  the  very  large  majority  of  cases,  the  preventive  material  obtained  from  the  spinal  cord 
of  rabbits  that  have  died  of  rabies  derived  originally  from  rabid  dogs  is  injected  under 
the  skin  once  a  day,  for  ten  days,  in  gradually  increasing  strengths. 

•  In  the  second  or  intensive  method,  mAthode  intensive,  which  M.  Pasteur  adopted  for  the 

•  treatment  of  cases  deemed  especially  urgent,  on  account  either  of  the  number  and  position 

of  the  bites  or  of  the  long  time  since  their  infliction,  the  injections,  gradually  increasing  in 

strength,  were  usually  made  three  times  on  each  of  the  first  three  days,  then  once  daily  for 

a  week,  and  then  in  different  degrees  of  frequency  for  some  days  more.     The  highest 

.  strength  of  the  injections  used  in  this  method  was  greater  than  the  highest  used  in  the 


202 


HYGIENE 


ordinary  method,  and  was  such  as,  if  used  at  first  and  -without  the  previous  injections  of' 
less  strength,  would  certainly  produce  rabies. 

'  By  the  first  or  ordinary  method,  there  is  no  evidence  or  probability  that  anyone  has  • 
been  in  danger  of  dying,  or  has  in  any  degree  suffered  in  health  even  for  any  short  time.. 
But  after  the  intensive  method,  deaths  have  occurred  under  conditions  which  have  sug- 
gested that  they  were  due  to  the  inoculations  rather  than  to  the  infection  from  the  rabid 
animal. 

'  There  is  ample  reason  to  believe  that,  in  many  of  the  most  urgent  cases,  the  intensive 
method  was  more  efficacious  than  the  ordinary  method  would  have  been.  Thus,  M. 
Pasteur  mentions  that,  of  nineteen  Eussians  bitten  by  rabid  wolves,  three  treated  by  the- 
ordinary  method  died,  and  the  remaining  sixteen,  treated  by  the  intensive  method,  sur- 
vived ;  and  he  contrasts  the  cases  of  six  children,  severely  bitten  on  the  face,  who  died 
after  the  ordinary  treatment  with  those  of  ten  similarly  bitten  children  who  were  treated 
by  the  intensive  method,  and  of  whom  none  died  ;  and  M.  Vulpian  reports  that  of  186- 
persons  badly  bitten  by  animals  that  were  most  probably  rabid,  fifty  treated  by  the  inten- 
sive method  survived,  and  of  the  remaining  136  treated  by  the  ordinary  method  nine  died.'" 

Although  several  observers  have  mentioned  that  they  have  identified  the 
microbe  of  hydrophobia  in  the  form  of  a  coccus,  this  has  not  been  as  yet 
confirmed,  and  the  nature  of  the  virus  is  still  undiscovered. 

As  to  Pasteur's  views  on  the  nature  of  the  rabic  virus  and  the  methods- 
of  preventive  inoculation,  we  quote  here  from  the  '  Report  of  the  English 
Pasteur  Commission,'  pp.  21  and  22  : — 

'  M.  Pasteur  believes  that  the  vu'us  of  rabies  is  a  living  micro-organism,  and  that,  hke- 
some  others,  it  produces  in  the  tissues  it  invades  an  excretory  substance  by  which,  when 
present  in  sufficient  quantity,  its  own  development  and  increase  are  checked,  as  are  those 
of  the  yeast  ferment  by  the  alcohol  produced  in  the  vinous  fermentation.  In  accordance 
with  this  theory,  he  thinks  that  the  spinal  cords  of  animals  that  have  died  of  rabies  con- 
tain both  the  virus  and  this  excretory  substance,  which,  practically,  may  be  deemed  its 
antidote.  He  beheves,  therefore,  that  by  injections  of  an  emulsion  from  such  spinal  cords 
into  the  systems  of  animals  bitten  or  inoculated  with  the  virus  of  rabies,  the  antidote  may 
be  able,  during  the  period  of  incubation,  to  arrest  and  prevent  the  fatal  influence  of  the 
virus.  But,  in  order  to  avoid  the  possibility  of  injecting  a  still  potent  virus,  M.  Pasteur 
holds  that  the  virus  in  the  spinal  cord  must  be  weakened  by  drying  the  cord  in  a  pure  and 
dry  atmosphere  at  a  temperature  of  20°  C,  in  which  drying  the  efficiency  of  the  antidote 
may  be  reduced  to  a  much  less  extent  than  the  potency  of  the  virus.  By  such  drying  this 
potency  may  be  so  reduced  that  an  emulsion  of  the  dried  spinal  cord  may  be  injected 
without  any  risk  of  producing  rabies,  and  this  risk  is  in  no  measure  increased  by  the 
daily  injections  of  emulsions  from  cords  dried  during  a  gradually  less  number  of  days,  and 
which,  though  more  virulent  than  those  first  used,  still  contain  a  larger  proportion  of  the 
antidote  than  of  the  virus. 

'  In  accordance  with  this  theory,  the  method  of  the  preventive  injections  first  used  by 
M.  Pasteur  was  adjusted  in  the  following  manner  :  — 


Days  of  Inoculation 

1st 
14 

2nd 
13 

3rd 

12 

4th 
11 

Otll 

10 

6th 

9 

7th 
8 

8tU 

7 

9th 

6 

lOth 
5 

Days  during  which  the  spinal  cord 
had  been  dried       .... 

'  In  consequence  of  some  deaths  among  those  who  had  been  thus  treated,  M.  Pasteur 
deemed  it  necessary,  in  cases  of  very  severe  bites,  and  of  persons  bitten  long  before  the 
treatment  could  be  commenced,  to  increase  the  intensity  of  the  treatment  by  more 
speedily  increasing  the  strength  of  the  injections,  by  more  frequent  repetitions  of  them, 
and  by  using  on  certain  days  spinal  cords  dried  during  only  three,  two,  and  one  day. 
Thus  in  September  and  October  1886  he  adopted  the  following  formula  : — 


Days  of  Inoculation 

1st 

2nd 

3rd 

4th 

5th 

6tli 

7th 
1 

8th 
6,  5 

9th 
4,  3 

lOth 
2 

llth 

I 
1 

Days'    drying   of 
the  cords . 

14,  13,  12 

11,  10,  9 

8,7 

6,5 

4,8 

2 
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'  In  very  severe  and  perilous  cases  this  course  was  repeated  even  three  or  four  times.  It 
was  distinguished  as  the  mitliode  intensive,  and  among  such  severe  cases  it  was  followed 
by  a  marked  diminution  of  mortahty.  But  when  it  appeared  possible  that  it  might  be 
dangerous,  M.  Pasteur  changed  it  for  that  which  he  now  uses,  and  which  may  be  thus  re- 
presented : — 


Days  of 
Inoculation 

1st 
14,  13 

2na 

3rd 

4tll 

5th      6th 

7th 

8th 

9th  10th  11th 

12th 

13th 

14th 

15th' 

i 

Days' drying  f 

of        the  -! 
cords        .  I 

12,  11 

11,  10 

10,10 

9,  9  1  9 

8 

8 

8     7      7 

7 

6 

6 

5 

'  The  material  for  injection  is  prepared  by  crushing  portions  of  the  dried  spinal  cord,  and 
diffusing  them  in  steriHsed  broth  free  from  all  risk  of  putrefaction,  decomposition,  or  any 
change  due  to  the  presence  of  other  micro-organisms ;  and  the  injection  is  made  with 
syringes  through  fine  tubular  needles  into  the  subcutaneous  tissue. 

'  For  transmission  of  rabies  through  rabbits,  in  order  to  obtain  the  spinal  cords  required 
for  its  prevention  in  other  animals,  injections  of  virus  of  highest  intensity  are  made 
through  minute  holes  in  the  skull  into  the  space  under  the  dura  mater  or  fibrous  covering 
of  the  brain. 

'  The  materials  for  the  protective  inoculations  are  prepared  in  the  same  manner  as  those 
for  the  preventive,  from  spinal  cords  dried  from  ten  days  to  one  day.' 


CHAPTEE  XXV 

GLANDEBS  AND  FABCT— SYPHILIS— BHINOSCLEBOMA 


GiiANDEES  is  a  subacute  or  chronic  infectious  disease  of  the  nasal  mucous- 
membrane,  respiratory  organs,  and  skin  in  the  horse,  leading  to  death;  when 
the  seat  of  the  pathological  process  is  localised  in  the  skin  it  is  spoken  of  as- 
farcy,  but  both  are  the  same  disease.  Glanders  is  communicable  to  the  ass,, 
mule,  and  man,  and  leads  sooner  or  later  to  death  ;  in  man  it  is  generally 
acute,  though  also  in  horses  it  sometimes  assumes  the  acute  form.  The 
disease  consists  of  nodular  deposits  in  the  mucous  membrane  of  the  nose,  the 
septum  particularly.  The  young  nodules  are  grey,  deep  seated,  not  larger 
than  a  hemp  seed  or  millet  seed,  and  surrounded  by  congested  mucous 
membrane.  Microscopically  they  consist  of  an  aggregation  of  round  cells  of 
various  sizes,  and  in  this  phase  are  in  structure  not  easily  distinguishable 
from  young  tubercles ;  they  soon  enlarge,  their  central  parts  becoming 
purulent,  and  hereby  small  abscesses  are  formed  which  open  on  the  free 
surface.  Where  close  together  they  become  confluent  and  form  large  ulcers,, 
irregular  in  shape,  with  a  grey  purulent  depressed  centre,  and  a  raised,. 
injected  border,  the  tissue  around  them  being  congested  and  infiltrated. 
The  mucous  membrane  of  the  septum  becomes  riddled  with  abscesses,  and 
soon  also  the  cervical  lymph  glands  become  swollen  and  purulent ;  the 
process  gradually  extends  to  the  pharynx,  larynx,  trachea,  and  lungs.  In 
this  latter  numerous  nodules  appear,  at  first  smaU  (hemp  seed)  and  grey,  but 
gradually  enlarging  and  transforming  into  abscesses  situated  in  the  depth  of 
the  lung,  as  well  as  on  the  surface.  Neighboming  nodules  and  abscesses  be- 
come confluent,  and  in  this  way  extensive  cavities  are  formed,  whose  purulent 
contents  discharge  themselves  into  the  bronchi,  the  tissue  around  them  being 
much  congested  and  infiltrated.  In  the  skin,  the  cutis  and  subcutaneous  tissue 
are  the  seat  of  the  nodules  ;  here  also  they  are  at  first  smaU  and  grey,  and 
represent  round  cell  aggregations,  which  gradually  enlarge  into  the  congested 
and  infiltrated  surrounding  tissue  ;  purulent  change  is  also  here  the  natural 
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result,  and  by  opening  on  the  free  surface  they  form  open  sores  discharging 
a  little  pus  ;  the  centre  is  depressed,  covered  with  greyish  purulent  matter  ; 
the  periphery  is  raised  and  much  infiltrated. 

The  general  mode  of  infection  seems  to  be  that  of  inoculation.  It  appears 
to  be  doubtful  whether  the  direct  transmission  of  the  glanders  material  on 
CO  the  intact  nasal  mucous  membrane  can  produce  infection,  since  such  a 
mode  yields  experimentally  no  result ;  but  cutaneous  and  subcutaneous 
inoculation  in  horses  and  asses  is  always  followed  by  the  characteristic 
disease  of  the  nasal  mucous  membrane. 

Horses  and  asses  are  very  susceptible  ;  of  carnivorous  animals,  glanders 
has  been  observed  in  feline  animals  (lions  and  tigers  fed  on  flesh  of  glandered 
horses)  ;  cats,  dogs,  and  sheep  are  only  very  shghtly  susceptible,  but  in 
goats,  glanders  has  been  observed;  in  cattle,  glanders  is  unknown.  Eodents 
are  easily  infected  by  inoculation  {see  the  experiments  of  Loffler  and 
Schiitz). 

In  man,  glanders  occurs  after  infection  from  the  horse,  generally  through 
a  cutaneous  wound  ;  it  generally  runs  an  acute  course,  characterised  by  the 
appearance  of  purulent  infiltration  about  the  seat  of  infection  of  the  skin, 
particularly  the  muscular  tissue,  then  in  the  lung  and  respiratory  mucous 
membrane ;  metastatic  purulent  infiltration  occurs  also  in  the  joints,  the 
liver,  spleen,  kidneys,  and  testes.  Loffler  and  Schiitz,  as  also  Israel,  were 
the  first  to  show  that  in  glanders  the  deposits  constantly  contain  a  definite 
species  of  bacilli ;  they  occur  generally  isolated,  and  in  small  groups  between, 
and  also  enclosed  in,  the  cells  of  the  nodules  :  they  are  more  numerous  in 
the  nodules  which  have  not  become  purulent ;  after  the  nodules  have 
become  purulent  the  number  of  the  bacilli  in  them  diminishes.  The  bacilli 
are  fine  rods,  of  about  the  same  size  as  tubercle  bacilli,  but  a  little  thicker, 
rounded  at  their  ends,  straight,  or  sometimes  more  or  less  curved ;  this  latter 
is  especially  noticed  when  they  lie  in  groups ;  their  substance  is  either  homo- 
geneous, or,  like  that  of  the  tubercle  bacilh,  shows  segregation  of  the  protoplasm 
into  granules  within  the  sheath.  The  bacilli  stain  best  in  alkalme  methylene 
blue  and  subsequent  washing  in  acidulated  water  (acetic  acid  1  per  cent.) ;  also 
in  alkahne  fuchsin  of  Ehrlich,  or  in  gentian  violet  aniline  water.  The  bacilli 
are  easily  cultivated  at  35-38°  C.  on  blood  serum,  agar  mixture,  and  potato. 
On  boiled  potato  at  35°  C,  they  form  a  characteristic  brownish  yellow  amber^ 
coloured  sticky  film.  On  solid  blood  serum  at  37°  C,  after  three  days,  one 
notices  small  translucent  droplets  slightly  projecting  over  the  general  surface. 
These  are  the  youngest  colonies.  On  agar  culture  the  colonies  are  also 
translucent  greyish  droplets,  gradually  flattening  and  becoming  dark  in  the 
centre  (Plate  XXXI.,  fig.  50). 

There  is  no  difficulty  in  obtaining  good  cultures  in  the  ordinary  beef  broth 
peptone  gelatine  kept  at  20-21°  C,  as  also  on  potato  at  this  temperature. 
They  form  on  ordinary  gelatine  whitish-grey,  flat,  round,  disc-shaped  colonies. 
The  gelatine  is  only  very  slowly  hquefied. 

According  to  Easkina  the  glanders  baciUi  grow  also  at  18-20°  C,  on 
gelatine,  milk,  serum,  and  white  of  egg.  Kranzfeldt  grew  them  also  on 
glycerine  agar  mixture. 

Loffler  and  Schiitz  proved  that  the  artificial  cultivations  inoculated  into 
horses  and  asses  produced  typical  glanders.  On  most  white  mice  the  bacilli 
do  not  act,  nor  does  fresh  glanders  material  directly  taken  from  the  horse  ;  ^ 
wild  mice  (field  mice),  however,  are  very  susceptible  to  inoculation  with  the 

'  H.  Leo  {Zeitschrift  f.  Hygieyie,  YII.,  3)  succeeded  in  giving  glanders  to  white  mice 
after  feeding  them  for  days  with  phloridzine,  whereby  their  tissues  contained  much 
sugar. 
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cultures ;  they  die  within  eight  days,  and  their  spleen  and  liver  are  riddled 
with  yellowish-grey  minute  nodules  containing  abundant  glanders  bacilli. 
In  the  rabbit,  subcutaneous'  inoculation  produces  generally  a  positive  result ; 
in  most  cases,  however,  only  a  local  abscess  is  formed  which  leads  to  a 
rapidly  healing  sore.  In  guineapigs,  both  the  fresh  glanders  material  and 
the  culture  produce  a  characteristic  disease :  on  the  third  or  fourth  day  a 
sore  is  found  at  the  seat  of  inoculation,  which  soon  involves  the  nearest 
lymphatics,  these  being  found  swollen  and  congested ;  further,  the  testes  or 
ovaries  become  much  swollen,  congested,  and  the  seat  of  minute  glanders 
nodules ;  so  does  the  skin  and  the  nasal  mucous  membrane,  leading  to 
purulent  infiltration  and,  after  the  discharge  of  the  pus,  to  ulceration.  The 
spleen  contains  white  nodules.  The  glanders  baciUi  are  everywhere  present 
in  the  deposits. 

Glanders  bacilh  of  cultures  are  killed  by  prolonged  drying  (in  about 
fourteen  days] ;  the  glanders  material  taken  direct  from  the  horse  becomes 
innocuous  after  a  few  days'  drying  :  these  facts  seem  to  indicate  that  the 
bacilli  do  not  form  spores.  With  this  the  observation  of  Loftier  also  agrees,, 
that  the  cultures  of  the  bacilli  die  after  a  few  months,  and  Cardeal  and 
Malet  found  that  putrefaction  destroys  the  baciUi,  though  only  after  many 
days.  Loffler  studied  also  the  resistance  of  the  bacilli  to  heat,  and  he  found 
that,  for  instance,  ten  minutes'  heating  to  55°  C.  completely  killed  the 
bacilli  of  the  cultures ;  in  this  respect  the  glanders  bacilli  are  even  less 
resistant  than  many  other  non-spore  bearing  bacilli.  Further,  Loffler  found 
that  perchloride  of  mercury  (1 : 5,000)  kills  the  bacilli  in  two  minutes,  and 
carbolic  acid  (3  to  5  per  cent.)  in  five  minutes.  All  these  facts  strongly 
indicate  that  no  spore  formation  takes  place. 

Within  quite  recent  times  it  has  been  shown  by  a  series  of  observations,, 
carried  out  by  a  number  of  workers,'  that  chemical  substances  present  in  the 
artificial  cultures  of  the  glanders  bacilli  (Mallein)  injected  into  horses 
produce  a  definite  reaction,  viz.,  a  decided  rise  of  temperature,  if  the  animals 
are  affected  with  glanders  ;  but  no  reaction  follows  in  healthy  horses.  So 
that  in  doubtful  cases  the  injection  of  the  Mallein  determines  the  diagnosis. 
The  Mallein  is  prepared  in  the  same  way  as  Koch's  tuberculin  {see  below), 
and  is  a  further  instance  of  the  vast  importance  of  the  study  of  the 
chemistry  of  pathogenic  bacteria. 

The  literature  on  the  subject  of  the  glanders  bacilli  is  very  copious,  but 
the  following  are  the  chief  works  : — 

Loffler  and  Schutz  :  '  Deutsche  med.   Wochenschrift,'  1882,  No.  52. 
Israel :  '  Berliner  klin.  Woch.,'  1883,  No.  11. 
Kitt ;  '  Jahreschr.  der.  kgl.  Thierarznei  in  Miinchen,'  1883-4. 
Weichselbaum  :  '  Wiener  med.  Wochenschrift,'  1885,  Nos.  21-24, 
Loffler  :  '  Arbeiten  aus  d.  kais.  Gesundheitsamte,'  1886. 
Easkina :  '  Zeitschrift  f.  wiss.  Mikroskopie,'  IV.  1887. 
Kranzfeldt :  •  Centralbl.  f.  Bacteriologie  und  Parasit.,'  II.  1887. 

Syphilis 

The  primary  syphihtic  sore  or  chancre  is  a  localised  inflammation  in  an 
abrasion— the  seat  of  infection — with  subsequent  induration,  necrosis,  and 
ulceration  of  the  superficial  layer  or  layers.  Under  the  microscope  the  con- 
nective tissue  of  the  cutis  or  mucosa,  as  the  case  may  be,  is  densely  infiltrated 

'  "KBhimg,  Archiv  f.  Fefennarwiss.,!.  1891,  St. Petersburg;  Preusse,  Berliner  thierarztl.. 
Wochenschr.,  No.  29,  1891 ;  Heyne,  Berl.  thierarztl.  Wochenschr.,  1891,  Nos.  33  and  39 ;. 
Pearson,  Zeitschr.f.  Veterincirk.,  No.  5,  1891. 
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with  round  cells ;  most  of  these  do  not  differ  in  size  from  white  blood 
■corpuscles,  but  some  are  larger,  have  two  or  three  nuclei  and  a  considerable 
amount  of  protoplasm,  and  in  size  of  the  ceU  and  number  of  the  nuclei  cor- 
respond to  giant  cells.  The  spreading  of  the  induration  consists  in  the  infil- 
tration involving  larger  and  larger  areas,  while  at  the  same  time  the 
superficial  layers  undergo  necrosis  and  disintegrate  into  a  debris,  whereby 
an  open  sore  is  established.  When  the  chancre  heals,  the  round  cells  infil- 
trating the  corium  are  gradually  absorbed  and  disappear,  the  fibrous  connec- 
tive tissue  becomes  more  abundant,  and  ultimately  by  contracting,  forms  a 
dense  cicatrix.  The  secondary  symptoms  are  established  by  acute  locahsed 
inflammations  of  the  skin,  lymphatic  glands,  and  mucous  membranes :  the 
tertiary  by  round  cell  infiltration,  and  chronic  inflammation  in  the  skin, 
bones,  brain,  and  viscera.  In  these  inflammations  and  infiltrations  the  mi- 
croscopic appearances  do  not  differ  from  other  non-syphilitic  inflammations. 
Oummata  and  condylomata,  or  mucous  patches,  are  localised  inflamma- 
tions, i.e.  round-cell  infiltrations,  and  distended  and  engorged  vessels  ;  the 
epithelium  of  the  surface  and  the  corium  or  mucous  membrane  being  also 
the  seat  of  infiltration  with  round  cells ;  in  fact,  the  disease  is  similar  to 
what  is  called  in  pathology  a  granuloma.  The  fate  of  the  gummata  and 
condylomata  is  fatty  degeneration,  caseation,  absorption,  and  cicatrisation. 

As  to  the  etiology  of  syphiUs,  various  microbes  have  been  described. 
Foremost  is  the  bacillus  of  Lustgarten,'  which  is  by  many  considered  to  be 
the  bacillus  of  syphilis.  Lustgarten  found  in  the  tissue  of  primary  syphi- 
htic  sores  certain  bacilli,  generally  ia  comparatively  small  numbers :  they 
resemble  in  size  and  staining  power  the  tubercle  bacilli,  are  straight  or 
slightly  curved,  sometimes  thicker  at  the  end  than  in  the  middle,  uniform  or 
granular ;  they  occur  chiefly  in  pairs  within  the  protoplasm  of  the  round 
cells,  but  occasionally  also  between  the  cells.  These  bacilli  have  this  pecu- 
liarity, that  they  can  be  stained  by  a  special  method :  sections  of  chancre 
are  placed  in  gentian  violet  aniline  water,  are  then  decolourised  in  solution  of 
permanganate  of  potassium  ;  by  this  all  the  elements  of  the  tissue  lose  the  stain 
except  the  bacilli.  De  Giacomi  achieved  the  same  result  by  decolourising 
the  sections  (after  staining)  in  solution  of  ferric  chloride.  While  numerous 
observers  (Doutrelepont  and  Schiitz,  Matterstock,  E.  Fraenkel)  have  found 
the  bacillus  of  Lustgarten  in  the  syphilitic  foci  of  the  skin  and  mucous  mem- 
brane of  the  mouth,  and  in  the  syphilitic  gummata  of  the  viscera,  others  like 
Alvarez  and  Tavel,  Klemperer,  Kiibner,  Zeissl,  Baumgarten,  and  others  have 
searched  for  them  after  the  approved  methods,  but  have  failed  to  find  them. 
Besides,  Alvarez  and  Tavel  ^  have  proved  that  bacilli  identical  with  Lustgar- 
ten's  bacHU  in  size,  aspect,  and  peculiar  staining  power  occur  in  the  normal 
sebum  or  smegma  of  the  genital  organs,  and  this  has  been  confirmed  by 
other  observers,  so  that  the  claims  of  Lustgarten's  bacilli  to  be  considered 
as  the  bacilh  of  syphihs  rest  at  present  on  insufficient  evidence. 

There  is  also  no  doubt  that  though  many  competent  observers  have 
searched  for  them  in  the  syphilitic  tissues  in  congenital  syphilis,  they  have 
failed  to  find  them.  Kassowitz  and  Hochsinger  described  in  the  cutaneous 
papules  in  hereditary  syphilitic  children,  streptococci  plugging  almost  com- 
pletely the  small  vessels  of  the  corium ;  Eve  and  Lingard  ^  described,  in 
syphihtic  tissues  and  in  the  blood,  bacilli  resembling  the  tubercle  bacilli  in 
size  and  aspect,  and  have  cultivated  them  on  blood-serum  ;  they  do  not  show 
any  peculiarities  in  staining. 

*  Die  Syphilisbacillen,  Wien,  1885. 
«  Bull,  de  VAcad.  de  M6d.,  August  1885.  =  Lancet,  No.  15,  1886. 
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Finally,  Disse  and  Taguchi  ^  describe  capsulated  diplococci,  which  they  found 
in  syphilitic  tissues  ;  they  cultivated  them,  and  with  such  cultures  produced  by 
inoculation  of  rabbits,  dogs,  and  sheep,  a  chronic  disease  which  they  consider 
analogous  to  syphihs ;  but  all  attempts  to  produce  a  definite  disorder  in  any 
animal  by  means  of  inoculations  of  veritable  syphilitic  tissue,  hitherto 
attempted  by  many  competent  observers,  have  yielded  only  negative  results. 

Khinoscleeoma 

A  peculiar  chronic  disease,  starting  in  the  nasal  and  pharyngeal  mucous 
membrane  and  extending  to  the  outer  nose  (skin)  and  downwards  into  the 
larynx  and  trachea,  prevalent  in  Austria  and  in  some  Eastern  countries.  It 
is  essentially  a  firm,  nodular  swelling,  consisting  in  a  circumscribed  infiltra- 
tion with  round  cells  of  the  mucous  membrane  and  skin  ;  in  the  former  it 
leads  to  degeneration  of  the  superficial  layers,  including  the  epithelium  of  the 
surface,  and  to  ulceration.  In  the  skin  the  nodular  swelling  of  the  corium 
persists  for  a  long  time  without  leading  to  ulceration.  In  a  microscopic 
section  the  connective  tissue  is  densely  infiltrated  with  round  cells  ;  among 
these  there  occur  peculiar  hyaline  globules,  larger  than  the  round  cells.  These 
were  first  recognised  by  Mikulicz,^  and  are  known  as  Mikulicz'  cells. 
Mikulicz,  Dittrich,  Walkanitsch,  and  others  consider  that  these  Mikulicz 
cells  are  produced  by  hyaline  degeneration  and  swelling,  with  solution 
of  the  nucleus,  of  certain  epitheloid  cells  of  the  tissue,  not  the  ordinary 
round  cells.  In  sections  through  rhinoscleroma,  stained  with  methyl  blue, 
the  Mikulicz  cells  are  easily  recognised  by  their  deep  blue  staining  ;  some 
are  many  times  larger  than  the  ordinary  round  cells  of  the  tissue,  others  are 
much  smaller,  and  of  no  greater  diameter  than  a  leucocyte.  Some  are  only 
a  single,  large,  homogeneous  sphere  ;  others  are  made  up  of  two  or  three 
small  homogeneous  spheres,  but  one  can  distinguish  in  all  of  them  a  thin 
pellicle  of  granular  investment,  including  at  one  place  a  flattened  nucleus  ; 
where  the  cells  are  made  up  of  two  or  three  smaller  spheres,  these  latter 
have  only  a  common  investment.  These  Mikulicz  cells  resemble,  therefore, 
fat  cells  ;  but  instead  of  a  fat  droplet  or  fat  droplets,  there  is  inside  them  a 
homogeneous  colloid  material.  We  therefore  think  that  the  general  statement, 
that  these  Mikulicz  cells  are  hyaline  degenerated  cells,  is  only  partially 
correct,  but  think  rather  that  some  of  the  cells  of  the  scleroma  tissue 
form  at  the  expense  of  their  protoplasm  hyaline  globules,  in  the  same 
manner  as  certain  cells  form  fat  droplets  ;  the  nucleated  investment  would 
represent  the  remnant  of  the  original  cell  protoplasm.  A.  von  Frisch  ^  was 
the  first  to  show  that  in  the  tissue  of  rhinoscleroma,  particularly  in  the 
Mikulicz  cells,  there  occur  small  oval  bacilli,  either  single  or  as  dumb-bells. 
He  cultivated  them  and  used  them  for  inoculations  on  animals,  but  without 
result.  Cornil  and  Alvarez  *  then  showed  that  the  rhinosclerom  bacilli 
possess  a  gelatinous  capsule,  and  therefore  resemble  the  pneumonia  bacilli 
of  Friedlander  {see  a  former  chapter).  Dittrich  has  made  extended  experi- 
ments and  observations  on  these  rhinosclerom  bacilli,  and  showed  that 
morphologically  and  culturally  they  are  distinguishable,  but  only  with 
difficulty,  from  Friedlander's  bacilli ;  though  he  maintains  that  in  some 
minute  details  as  to  staining  and  as  to  appearance  in  gelatine  cultures  the 
one  can  be  distinguished  from  the  other.     This  is,  however,  not  admitted 

>  Deutsche  med.  Woch.,  No.  14,  1886. 

*  V.  Langenbeck's  Archiv  f.  hi.  Chir.,  XX.,  p.  485. 
^  Wiener  med.  Wochenschrift,  No.  32,  1882. 

*  Archives  cle  Physiologie  norniale  et  path.,  VI.,  1885. 
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by  many  observers.  Alvarez,  Paltauf  and  Von  Eiselsberg,  Wolkowitscli,  and. 
Dittrich  found  these  bacilli  also  in  the  lymphatics  of  the  surrounding  tissue,. 
Paltauf  and  Von  Eiselsberg,^  then  Dittrich,  Babes,  and  others,  produced  in 
guineapigs,  mice,  and  rabbits  a  septicsemic  infection  similar  to  that  pro- 
ducible by  Friedlander's  bacilli,  but  no  chronic  nodular  disease. 

The  constant  presence,  then,  of  the  capsulated  rhinosclerom  bacilli  in  the 
scleromatous  tissue,  particularly  the  MikuHcz  cells,  is  a  fact  of  which  there 
can  be  no  doubt,  but  it  is  equally  a  fact  that  they  are  identical  with  the 
bacilli  of  Friedlander ;  their  causative  relation  to  the  rhinoscleromatous 
process  is,  therefore,  more  than  doubtful,  or  at  any  rate  not  sufficiently 
supported. 


CHAPTEE  XXVI 

TUBEBGULOSIS 

TuBEECLB  is,  after  Virehow,  a  granuloma  or  a  round-cell  new  growth,  at- 
first  grey  and  translucent,  then  undergoing  from  the  centre  outwards  a 
necrotic  change  leading  to  degeneration  or  caseation ;  the  part  degenerated  is 
yellow.  This  necrotic  or  caseous  change  extending  from  the  centre,  while  the: 
periphery  increases  by  the  deposit  of  new  round-cell  elements,  wider  and 
wider  areas  of  tissue  become  involved,  and  thereby  both  the  grey  periphery- 
and  the  yellow  or  caseous  centre  enlarge  in  diameter.  The  caseous  portion 
softens  by  suppuration,  so  that  the  tubercle  becomes  gradually  changed  into 
an  abscess,  the  suppuration  being  sustained  by  the  peripheral  portion  of  the 
tubercle.  Tubercles  differ  in  structure  :  some,  e.g.  those  of  the  lung,  liver, 
and  lymph  glands  of  man,  are  in  most  instances,  in  the  early  or  grey  stage,, 
typical  granulomata  or  round-cell  new  growths  in  the  connective  tissue  ;  then 
they  become  reticulated,  and,  instead  of  finding  dense  aggregations  of  round 
cells  between  delicate  bundles  of  fibrous  tissue,  we  find  a  more  or  less  regular 
reticulum  of  cells  ;  in  the  peripheral  part  the  reticulum  is  somewhat  arranged 
like  a  capsule  of  concentric  layers  ;  in  the  reticulum  of  the  centre  we  find 
large  irregularly  shaped,  cylindrical  or  spherical  cells,  containing  numerous 
nuclei,  generally  disposed  in  an  annular  zone  in  or  near  the  periphery  of  the 
cell  protoplasm  ;  in  such  reticular  tubercles  it  is  the  central  portion  con- 
taining the  giant  cells  that  first  undergoes  necrosis  and  caseation.  Some 
tubercles  never  assume  this  reticular  condition,  but  pass  directly  from  the- 
grey  stage,  or  granuloma,  into  the  caseous  or  yellow  tubercle.  Then  there 
are  tubercles,  e.g.  some  forms  of  acute  miliary  tubercles  in  children,  when 
the  lung  is  found  studded  with  grey  tubercles,  which  do  not  at  all  resemble 
granulomata,  being  in  reality  groups  of  air  cells  filled  with,  and  distended 
by  fibrinous  deposits  with  leucocytes  in  the  centre.  There  are  sometimes 
tubercles  in  which  few  or  no  giant  cells  are  found,  e.g.,  tubercles  in  the  brain, 
leading  to  suppuration  and  formation  of  abscess,  tubercles  of  the  spleen  and 
of  the  liver ;  while  in  other  cases  the  tubercles  in  the  same  viscera  contain 
abundance  of  giant  cells,  chiefly  in  connection  with  the  reticular  form. 
In  bovine  tubercle,  in  tubercle  of  the  fowl,  and  in  artificial  tuberculosis  in 
guineapigs,  giant  cells  are  abundant  in  the  tubercles,  which  do  not  present 
the  reticular  form ;  they  are  present  in  tubercles  of  man  in  the  lung,  Hver, 
membranes  of  the  brain,  spleen,  and  marrow  of  bone.  Most  tubercles  are  at 
first  granulomata  in  the  connective  tissue  ;  i.e.  derived  from  connective-tissue: 

'  Fortschr.  d.  Med.,  No.  19, 1889. 
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cells  (Virchow),  as  well  as  white  blood  corpuscles  (Cohnheim) .  This  is  the  case 
with  the  tubercles  occurring  in  the  lymph  follicles  of  the  lymph  glands,  and 
of  the  intestine  (Peyer's  and  solitary  glands),  in  the  Malpighian  corpuscles 
of  the  spleen,  in  the  peribronchial  lymph  follicles,  in  the  connective  tissue 
of  the  pia  mater  of  the  brain,  and  in  the  interlobular  connective  tissue  of 
the  hver :  other  tubercles  owe  their  origin  partly  to  round  cells,  and  partly  to  a. 
multiplication  of  epithehal  or  endothelial  cells ;  such  is  the  case  with  the 
tubercles  in  the  alveolar  cavities  of  the  lung,  in  the  interlobular  bile  ducts,  in 
the  lymphatic  vessels  and  lymphatic  sinuses,  in  the  intima  of  large  blood- 
vessels (aorta),  and  in  the  glands  of  the  mucous  membranes  and  skin.  Amongst 
the  cells  constituting  a  tubercle  the  gradual  enlargement  of  at  first  small  round 
cells  (lymph  cells  or  leucocytes)  into  larger  epithelial-hke  cells,  with  one  or 
more  large  nuclei,  can  be  distiuctly  inferred  from  all  transitional  forms 
between  the  two,  and  therefore  the  large  cells  with  large  nuclei,  though 
resembling  in  aspect  epithehal  cells,  cannot  be  declared  to  be  epithelial  in 
origin  ;  but  in  tubercles  formed  in  connection  with  epithelial  and  endothelial 
tissues  [see  above),  epithelial  cells  do  contribute  to  the  formation  of  the  cells 
constituting  the  tubercle. 

Then,  again,  while  in  some  tubercles,  necrosis  and  caseation,  though  extend- 
ing to  a  large  extent,  do  not  lead  to  suppuration — e.g.  in  the  liver  and  spleen — 
there  are  others  which,  sooner  or  later,  after  caseation  has  set  in,  commence  to 
soften  and  suppurate,  e.g.  the  tubercles  of  the  lung  in  man,  in  cattle,  in  arti- 
ficial tuberculosis  of  animals,  the  tubercles  of  the  lymph  glands,  and  the 
tubercles  of  bone-marrow  in  man.  All  tubercular  masses  (nodules,  patches, 
and  streaks)  sooner  or  later  caseate,  i.e.  the  tissue  undergoes  necrotic  change  ;. 
the  cells  become  opaque  and  change  into  granular  debris,  not  taking  a  stain  ;. 
no  nuclei  are  visible  in  them  :  fatty  and  other  coarse  granules  are,  however, 
numerous  ;  further,  calcareous  deposits  may  take  place  in  these  caseous  masses 
if  they  do  not  become  softened  and  absorbed. 

It  is  impossible  to  recognise  by  their  structure  under  the  microscope  some 
tubercules  as  '  tubercles,'  if  they  are  only  in  the  condition  of  granulomata, 
or  if  they  are  suppurating  and  without  any  giant  cells  ;  but  if  reticular  and  with 
giant  cells,  the  presence  of  these  latter  would  generally  decide  the  diagnosis. 
As  we  shall  presently  see,  however,  there  is  an  infallible  test  for  diagnosis, 
and  that  is  the  presence  of  the  tubercle  bacilH  of  Koch.  But  from  micro- 
scopic structure  alone  some  tubercles,  notably  those  without  giant  cells,  cannot 
easily  be  identified.  Of  course  there  are  in  many  cases  sufficient  indications 
of  a  gross  anatomical  nature,  e.g.  the  disseminated  nature  in  the  different 
lymph  glands  and  viscera,  the  condition  of  caseation,  &c.,  which  enable  us 
to  form  a  fairly  correct  diagnosis,  but  in  cases  in  which  only  in  one  or  the 
other  organ  we  find  a  nodule,  caseous  or  not,  the  diagnosis  is  very  difficult, 
in  fact  in  many  such  instances  it  cannot  be  made  ;  then  the  bacteriological 
examination  alone  is  decisive.  No  doubt  many  pathologists  have  had  not 
a  few  times  to  examine  deposits,  few  in  numbers,  in  the  lungs  and  hver  of 
man  and  animals  (fowls,  cats,  sheep)  which  were  firm  and  caseous,  some 
even  calcareous,  and  where  the  histological  examination  was  insufficient  to 
permit  of  a  correct  diagnosis  ;  it  is  an  every-day  experience  of  those  whose 
practice  lies  more  in  the  direction  of  diseases  of  the  chest  that  it  is  diffi- 
cult in  some  cases  to  make  a  correct  diagnosis  from  the  symptoms  and 
physical  appearances  of  the  lung  affection ;  yet  the  test  for  the  tubercle  bacilli 
at  once  makes  the  diagnosis  certain.  Not  long  ago  a  case  of  multiple  brain 
abscess  occurred,  and  the  patient  died.  There  were  no  tubercles  in  any  of  the 
viscera  of  the  chest  or  abdomen.  The  histological  examination  of  the  infil- 
trated tissue  forming  the  wall  of  the  abscess  did  not  show  any  appearance 

VOL.  II.  p 


210  HYGIENE 

characteristic  of  tubercle — no  giant  cells,  no  localised  granulomata  ;  the  tissue 
was  uniformly  infiltrated  with  round  cells,  gradually  becoming  denser  towards 
the  interior  ;  no  diagnosis  of  tubercle  could  be  made  from  the  histological 
characters,  and  yet  by  testing  for  the  tubercle  bacilU,  and  finding  them  in 
large  numbers  in  and  amongst  the  round  cells,  the  diagnosis  was  at  once 
made  certain. 

The  first  decisive  experimental  proof  that  tuberculosis  is  a  communicable 
disease  has  been  given  by  Klencke  and  Villemin,^  the  latter  showing  that  if 
guineapigs  are  inoculated  with  tubercular  matter,  such  as  sputum  derived  from 
a  tuberculous  patient,  a  chronic  disease  is  produced,  which  has  the  distinct 
characters  of  disseminated  tuberculosis  in  the  lymph  glands,  the  lungs,  the 
serous  membranes,  the  liver,  and  the  spleen.  The  deposits  are  at  first  minute 
and  grey,  not  larger  than  a  pin's  head  ;  they  gradually  enlarge  and  caseate 
in  the  centre,  the  caseation  spreading  over  the  whole  tubercle.  Wilson  Fox, 
Burdon- Sanderson,  Klebs,  Cohnheim,  Chauveau,  and  others  have  repeated 
and  confirmed  these  experiments.  Inoculations  with  bovuie  tubercular  matter 
were  also  made  on  guineapigs  and  rabbits,  and  true  disseminated  tuberculosis 
produced.  The  feeding  of  pigs,  guineapigs,  and  rabbits  with  tubercular 
matter,  both  human  and  bovine,  produced  disseminated  tuberculosis.  The 
tubercular  deposits  of  all  such  experimental  animals  when  transferred  to 
normal  animals  again  produced  tuberculosis. 

When  inoculation  into  the  subcutaneous  tissue  of  the  groin  of  guineapigs 
is  carried  out  with  a  minute  particle  of  human  tubercular  material,^  after  a 
lapse  of  about  fourteen  days,  more  or  less,  the  lymph  gland  nearest  the  seat 
of  inoculation  can  be  easily  felt  as  a  firm  swollen  nodule  of  the  size  of  a 
pea ;  after  a  lapse  of  a  further  ten  or  twelve  days  the  first  gland  is  much 
enlarged  (size  of  a  bean  or  filbert)  and  may  already  have  become  changed  into 
an  abscess  firmly  fixed  to  the  skin,  whilst  one  or  other  lymph  gland  near  it 
can  now  be  felt  as  a  firm  swollen  nodule.  The  abscess  soon  opens,  and 
discharges  thick  creamy  pus,  a  persistent  sore  is  established,  and  though 
it  may  from  time  to  time  become  covered  with  a  scab  or  crust,  the  accumula- 
tion of  thick  pus  underneath  soon  causes  it  to  be  again  opened.  The  other 
enlarged  lymph  glands  about  the  seat  of  inoculation  also  become  converted 
into  abscesses.  On  killing  the  animal  after  four  to  six  weeks,  we  find  at  the 
seat  of  inoculation  an  open  sore  discharging  thick  pus,  the  subcutaneous  con- 
nective tissue  around  and  for  some  distance  being  hypersemic  and  oedematous. 
In  connection  with  the  sore  we  find  a  chain  or  a  packet  of  swollen  firm  lymph 
glands  (from  the  size  of  a  split  pea  to  that  of  a  bean)  containing  cheesy, 
yellow  deposits.  On  cutting  into  such  a  gland  we  find  it  very  juicy,  and 
containing  larger  or  smaller  yellowish  masses  ;  in  the  largest  glands  some  of 
these  masses  are  found  changed  into  thick  creamy  pus.  At  or  about  this 
stage,  i.e.  after  four  to  six  weeks,  in  most  instances  either  no  tubercles  visible 
to  the  unaided  eye  are  as  yet  found  in  the  lungs,  or  only  very  few  minute 
punctiform  nodules;  in  the  enlarged  spleen  we  find  numbers  of  minute 
granules  projecting  above  the  surface  of  the  capsule,  thus  making  the  surface 
uneven  and  rough.  In  the  liver  there  are  numerous  minute  grey,  puncti- 
form nodules,  which  in  some  places  have  a  tendency  towards  confluence ;  on 
section  greyish  streaks  are  recognised  under  a  lens  between  the  normal  red 
liver  tissue,  and  the  whole  organ  is  shghtly  enlarged.  The  omentum  also 
shows  numerous  minute  opaque  patches,  which  are  more  numerous  and  larger 

'  Etude  sur  la  Tubcrculose.    Paris,  1868. 

*  Any  material  derived  from  tubercle,  no  matter  whether  grey,  caseous  or  purulent : 
caseous  or  purulent  lymph  gland,  sputum  or  purulent  matter  of  the  caseous  tubercles  of 
the  lung,  tubercle  of  the  spleen  or  hver,  may  serve  the  purpose. 
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than  those  normally  found.  The  lymph  glands  in  the  porta  hepatis  are  large 
and  firm,  so  also  those  in  the  hilum  of  the  spleen ;  the  mesenteric  glands  are 
large  and  firm.  In  the  marrow  of  long  bones,  grey  and  even  caseous  tubercles 
can  be  distinguished.  If  the  animal  is  allowed  to  Uve,  it  will  be  found  gradu- 
ally getting  thinner  towards  the  third  or  fourth  month,  and  it  does  not 
generally  die  before  the  end  of  the  third  or  later  than  the  end  of  the  fifth 
month,  the  average  duration  being  100  to  120  days  after  inoculation.  On  post- 
mortem there  is  found  a  large  discharging  sore  at  the  seat  of  inoculation,  from 
which  extends  a  chain  or  packet  of  lymph  glands  from  about  the  size  of  a  bean 
to  a  large  filbert ;  on  cutting  into  such  a  gland  numerous  yellow  irregular 
cheesy  deposits  are  seen,  some  softened  and  purulent.  The  lymph  glands 
behind  the  sternum,  at  the  root  of  the  lung,  of  the  porta  hepatis,  at  the  hilum 
of  the  spleen,  of  the  mesentery,  of  the  pelvic  cavity,  and  of  other  localities  are 
swollen,  firm,  and  contain  larger  or  smaller  irregular  patches  of  caseous  deposit. 
The  lungs  are  enlarged,  and  sometimes  crowded  with,  at  other  times  containing 
a  limited  number  of,  tubercular  deposits  of  all  sizes — from  that  of  a  millet  seed 
to  that  of  a  pea— and  in  all  stages ;  some  grey  with  the  beginning  in  the  centre 
of  yellow  caseous  change,  others  entirely  yellow  and  caseous,  most  of  them 
firm,  the  largest  softened  in  the  centre  and  representing  the  first  trace  of 
cavernae ;  where  crowded  they  become  confluent.  The  spleen  is  greatly  en- 
larged, of  from  four  and  five  times  to  ten  times  its  original  size,  riddled  with 
caseous  tubercles,  in  many  places  confluent  into  irregular  yellow  firm  patches. 
The  liver  is  permeated  with  greyish  white  to  yellow  nodules,  streaks,  and 
patches,  the  larger  ones  of  a  greenish  yellow  colour  and  firm.  The  omentum 
is  one  mass  of  confluent  tubercular  nodules  and  patches.  The  diaphragm 
contains  whitish-grey  streaks  and  patches  of  tubercle.  So  also  the  pleura. 
Earely  is  there  tubercle  in  the  kidney. 

Eabbits,  inoculated  subcutaneously  in  the  inguinal  region  with  human 
tubercular  sputum,  show  very  much  less  pronounced  disseminated  tubercu- 
losis than  guineapigs ;  after  twelve  to  sixteen  or  more  weeks  the  animals 
are  found  much  emaciated ;  the  lymph  glands  of  the  inguinal  region  are 
enlarged  and  caseous  ;  in  the  lungs  are  few  or  no  tubercles,  in  the  liver  a  few 
tubercles,  some  grey,  others  yellow  ;  the  spleen  is  enlarged,  and  contains  many 
tubercular  deposits ;  the  mesenteric  and  other  abdominal  lymph  glands  are 
swollen,  firm,  and  caseous ;  and  the  process,  on  the  whole,  is  very  distinctly  less 
intensive  and  extensive  than  in  the  guineapig.  The  writer  has  seen  numerous 
cases  in  which,  after  twelve  to  sixteen  weeks,  the  only  organ  containing 
numerous  tubercles  was  the  spleen,  the  liver  contained  only  few,  the  lungs 
none. 

The  feeding  of  guineapigs  and  rabbits  on  human  tubercular  matter  pro- 
duces tuberculosis,  but  with  this  difference,  that  while  in  the  guineapig  it  leads 
to  general  disseminated  tubercular  deposits,  this  is  far  less  so  in  the  rabbit. 
In  the  guineapig,  if  the  animal  is  killed  after  six  to  eight  weeks,  we  find  distinct 
tubercular  deposits  in  the  wall  of  the  small  intestine,  the  tubercles  being 
situated  in  the  Peyer's  glands  of  the  ileum  and  the  ileo-C£ecal  valve  ;  they  are 
of  various  sizes,  and  more  or  less  caseous  in  the  centre  ;  the  mesenteric  glands 
are  always  enlarged,  and  contain  firm  caseous  deposits.  The  liver  also 
shows  grey  tubercular  nodules  and  streaks  ;  the  spleen  is  sHghtly  enlarged 
and  granular.  The  whole  process,  judging  from  the  amount  and  progress 
of  the  changes,  starts  in  the  lymphatic  follicles  of  the  ileum,  and  spreads 
thence  into  the  mesenteric  lymph  glands,  liver,  and  spleen.  The  lungs 
as  yet  show  no  tubercles.  If  the  disease  is  allowed  to  run  its  course,  the 
animal  becomes  greatly  emaciated,  and  dies  in  about  four  or  five  monthH 
or  earUer  ;  we  then  find  tubercles  in  all  the  lymph  glands,  in  the  viscera, 
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in  the  marrow  of  bone,  and  in  serous  membranes  ;  but  the  changes  in  the- 
abdominal  viscera  are  the  most  extensive,  those  of  the  thorax  considerably 
less. 

In  the  rabbit,  on  the  other  hand,  feeding  with  human  tubercular  matter 
produces  considerably  less  result ;  in  a  large  percentage  of  cases,  even  after 
many  weeks,  caseous  tubercles  are  found  only  in  the  lower  ileum  and 
mesenteric  glands.  The  spleen,  liver,  and  lungs  appear  free,  and  only  in  a 
few  cases  are  these  organs  involved,  and  then  but  to  a  small  degree,  viz. 
containing  only  few  tubercles.^ 

In  the  fowl,  tuberculosis  can  be  produced  both  by  subcutaneous  inocula- 
tion and  by  feeding  with  human  sputum,  although  all  animals  are  not  equally 
susceptible.  In  most  cases  tubercles  of  the  spleen,  in  others  of  the  spleen 
and  liver,  are  the  result ;  the  intensity  of  the  process  in  both  these  organs- 
is  striking  only  in  a  few  very  successful  cases,  and  in  these  we  find  both 
those  organs  enlarged  and  containing  numerous  spherical,  firm,  white 
nodules,  from  the  size  of  a  millet  seed  to  that  of  a  pea.  When  superficial 
they  project  over  the  capsule.  In  many  other  cases  tubercles  are  found  only 
in  the  spleen.  The  remarkable  fact  is  that  in  most  instances,  notwithstand- 
ing the  tuberculosis  going  on  in  their  spleen,  the  animals  are  very  fat ;  when,, 
however,  the  Hver  becomes  involved  to  a  large  extent,  the  animal  is  found 
emaciated. 

In  guineapigs,  rabbits,  and  fowls,  in  all  tubercular  deposits  giant  cells- 
are  numerously  met  with.  Tuberculosis  can  be  produced  in  animals  (guinea- 
pigs,  rabbits)  by  intraperitoneal  injection,  and  by  inhalation.  By  a  spray- 
producer,  finely  divided  tubercular  matter  can  be  distributed  in  the  air  in 
which  guineapigs  sojourn ;  the  majority  of  these  will  become  affected  with 
general  tuberculosis  after  the  usual  lapse  of  time,  the  lungs  being  here  most, 
advanced  in  the  tubercular  process.  The  writer  has  had  guineapigs  kept  in 
their  cages  in  the  ventilating  shaft  at  Brompton  Hospital,  and  thereby  general 
tuberculosis  was  produced  in  the  great  majority  of  these  animals :  caseous- 
tubercles  in  the  lungs,  in  the  lymph  glands,  spleen,  liver,  and  pelvic  glands,, 
was  the  result ;  proving  that  the  air  of  any  place  in  which  tuberculous 
persons  sojourn  contains  the  tubercle  virus,  and  must  therefore  be  considered 
as  not  free  from  danger. 

Bovine  Tubbkculosis 

Tuberculosis  is  a  common  disease  of  the  bovine  species  :  the  number  of 
tubercular  animals  is  astonishingly  great.  In  many  instances,  on  slaughter- 
ing them,  only  the  lungs  are  found  diseased,  presenting  a  peculiar  and 
characteristic  appearance,  viz.  the  surface  of  the  lung,  pleura,  and  dia- 
phragm presenting  numerous  flat  oval,  spherical  or  irregular  shaped  nodules, 
some  with  short  broad  basis,  others  with  long  thin  basis  or  stalk  fixed  on  to 
the  organ.  Sometimes  clusters  of  them  project  from  the  general  surface; 
these  appearances  have  caused  the  disease  to  be  called  '  the  grapes,'  in 
German  '  Perlsucht.'  Not  only  the  surface  of  the  lung,  but  also  the  interior 
contains  numerous  such  nodular  deposits.  They  differ  considerably  in  size,, 
some  being  not  larger  than  a  split  pea,  others  as  large  as  a  filbert  or  walnut,. 
or  larger.  Some  of  these  nodules  are  filled  with  thick,  creamy  pus,  others  are 
yellow  and  caseous  but  firm,  and  others  again  contain  calcareous  matter.  Under 
the  microscope  the  nodules  contain  in  the  periphery,  round  cells  in  a  fibrous 

*  Eisenhardt  [Centralhl.  f.  Bad.  und  Parasit.,  X.,  No.  18)  found  in  1,000  post-mortem 
examinations  of  human  tubercular  bodies,  children  under  sixteen  excluded,  only  one- 
solitary  instance  of  primary  tuberculosis  of  the  intestines. 
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matrix,  and  amongst  them  very  numerous  giant  cells  of  different  sizes,  from 
that  of  only  twice  or  thrice  the  size  of  an  ordinary  leucocyte  to  that  of  a  real 
giant  cell  with  twenty  to  thirty  and  more  nuclei  all  regularly  disposed  near  a 
peripheral  zone  of  the  cell.  Near  the  caseous  portion  these  huge  giant  cells 
are  very  conspicuous ;  the  caseous  part  may  still  show  the  outline  of  the 
giant  cells,  hut  their  nuclei  do  not  take  the  stain,  and  the  whole  tissue  of 
the  caseous  portion  is  a  granular  dihris.  In  early  cases  of  bovine  tubercle 
the  development  of  the  tubercles  in  and  from  the  lymphatic  vessels  of  the 
pleura  can  be  readily  followed.  This  has  been  correctly  described  by  Sibley. 
In  pronounced  and  advanced  cases,  freely  projecting  nodules,  as  also  nodules 
within  the  substance,  having  a  great  tendency  to  suppurate,  are  met  with  in 
the  lymphatic  glands,  in  the  spleen,  liver,  and  even  in  the  milk  glands. 
In  these  latter,  the  condition  assumes  an  important  practical  aspect,  since 
the  udder  of  a  cow  may  contain  tubercular  nodules  without  these  being 
easily  diagnosed,  and  may  give  to  the  milk  infective  properties.  Although 
in  hght  cases  the  milk  gland  is  found  free  from  tubercles,  yet  in  many 
•advanced  cases  purulent  tubercular  deposits  have  been  demonstrated  in  the 
ndder. 

In  the  lymph  glands,  spleen,  and  liver,  the  character  of  the  nodules  is  the 
same  as  in  the  lung,  and  giant  ceUs  form  a  very  conspicuous  feature. 

Tubercular  nodules  of  large  size  (about  the  size  of  a  bean  or  filbert), 
caseous  in  the  centre,  are  occasionally  found  in  the  spleen  of  young  calves ; 
this  would  suggest  that  the  process  is  inherited,  for  it  can  hardly  be 
assumed  tbat  in  an  animal  six  to  eight  weeks  old  tubercles  already  caseous 
had  been  acquired  after  birth :  in  fact,  if  careful  search  is  made  for 
these  tubercles  in  young  calves  derived  from  tubercular  cows  that  have  no 
tubercles  in  the  udder,  it  will  be  found  that  they  are  not  at  all  of  such  rare 
occurrence  as  is  sometimes  assumed.  On  the  other  hand,  calves  fed  on  milk 
■  derived  from  tubercular  cows,  in  whose  udder  tubercles  can  be  demonstrated 
(by  the  tubercle  bacilh  test),  develop  tuberculosis  of  the  intestine,  the 
mesenteric  glands,  spleen,  and  liver  ;  but  for  the  development  of  these  many 
weeks  and  months  are  required.  While,  then,  calves  acquire  tuberculosis 
by  feeding  on  milk  tainted  with  the  tubercular  virus,  some  undoubtedly 
inherit  tuberculosis  directly  from  their  tubercular  mother.^ 

Infection  with  general  tuberculosis  of  guineapigs  and  rabbits  by  bovine 
tubercular  matter,  by  feeding,  or  by  subcutaneous  or  intraperitoneal  inocula- 
tion, is  easily  achieved  ;  the  result  is  more  intensive  and  much  more  rapid  than 
by  infection  with  human  tubercular  matter.  Guineapigs,  subcutaneously  in- 
oculated, develop  disseminated  tuberculosis  of  the  lymph  glands,  lungs,  liver, 
spleen,  serous  membranes,  and  marrow  of  bone  in  less  than  half  the  time  ; 
in  some  cases  the  animals  die  in  about  five  to  six  weeks  with  remarkably 
widespread  and  advanced  tubercular  deposits.  Also  as  regards  rabbits,  the 
process  is  much  more  rapid  and  more  intensive  ;  for  while  these  animals,  as 
mentioned  above,  after  inoculation  with  human  tubercular  matter,  develop, 
as  a  rule,  only  a  more  or  less  mild  form  of  tuberculosis,  limited  chiefly  to 
some  lymph  glands,  spleen,  and  perhaps  the  liver,  after  inoculation  with 
bovine  tubercular  matter  they  show  very  numerous  tubercular  deposits  in 
the  lungs,  liver,  spleen,  all  lymph  glands,  and  even  in  the  kidneys.  The 
same  results  are  obtained  by  feeding  rabbits  and  guineapigs  with  bovine 
■tubercular  matter.     Here  also  the  process  starts  with  tubercles  of  the  ileum, 

1  In  the  Second  Congress  on  Tuberculosis  in  Paris  {Semaine  Midicale,  1891),  Vignal, 
3ernheim,  Hutinel,  from  experiments  and  observations  made  on  guineapigs  and  rabbits, 
-conclude  that  transmission  of  tuberculosis  from  the  mother  to  the  offspring  is  of  very  rare 
occurrence. 
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then  spreads  to  the  mesenteric  glands,  the  pelvic  glands,  the  omentum,, 
spleen,  and  liver,  and  finally  the  lungs  and  sternal  and  bronchial  lymph 
glands.  The  difference  in  the  intensity  and  duration  of  the  process  is 
decidedly  more  pronounced  with  bovine  than  human  tubercular  matter,  and 
also  in  the  rabbit  the  difference  between  feeding  with  bovine  and  with  human 
tubercular  matter  is  striking  ;  so  that  there  can  be  no  question  that  bovine 
tubercular  matter  acts  in  a  conspicuous  degree  more  virulently  than  human 
tubercular  matter,  both  in  guineapigs  and  rabbits. 

The  feeding  of  calves  with  milk  derived  from  an  udder  containing  tuber- 
cular deposits  produces  tuberculosis  in  these  calves  ;  but  milk  coming  from 
a  healthy  udder  (though  the  cow  has  tubercles  in  the  lung)  fails  to  produce 
tubercle. 

Hirschberger  ('Experim.  Beitrage  zur  Inf.  der  Milch  tubereuloser  Thiere,' 
Miinchen,  1889)  finds  that  at  least  five  per  cent,  of  milch  cows  are  tubercular, 
and  though  in  many  cases  their  milk  is  not  different  from  the  milk  of  normal 
cows,  and  no  tubercle  bacilli  can  be  detected,  yet  the  same  milk  injected 
into  the  peritoneal  cavity  of  guineapigs  produces  miliary  tuberculosis  in 
the  peritoneum,  spleen,  and  liver.  Out  of  twenty  series  of  experiments 
only  once  could  the  tubercle  bacilli  be  demonstrated  in  the  milk,  and  yet  in 
ten  such  experiments  in  which  the  milk  did  not  show  tubercle  bacilli,  it 
nevertheless  produced  tuberculosis  on  intraperitoneal  injection.  Hirsch- 
berger  explains  these  results  by  assuming  that  though  tubercle  bacilli  were 
not  present  in  the  milk  as  bacilli,  their  spores  must  have  been  present. 
Bollinger  ('Miinchner  med.  Zeitschr.,'  No.  43, 1889)  shows  that  milk  from  the 
healthy  udder  of  tubercular  cows  loses  its  infectivity  after  dilution  (1  :  40, 
1  :  50,  or  1  :  100).  Therefore,  he  warns  against  the  consumption  of  milk 
coming  from  one  particular  cow,  but  encourages  the  mixing  of  milk  from 
many  cows,  since  thereby  the  tubercular  milk  would  become  greatly  diluted 
by  normal  milk,  and  thereby  lose  its  infective  power  ;  a  conclusion  that  must 
be  admitted  as  quite  possible  from  the  observations  just  stated,  though  it  is 
contrary  to  what  one  would  a  priori  have  expected,  viz.  one  would  have 
thought  it  better  not  to  mix,  in  order  to  avoid  possible  contamination  of 
normal  milk. 

Tuberculosis  in  Fowls 

Koch  first  pointed  out  (International  Medical  Congress,  Berlin,  1890) 
that  the  tubercular  process  naturally  occurring  in  fowls  is  different  from 
human  or  bovine  tubercle,  the  tubercle  bacilli  of  the  fowl  behaving  differently 
in  culture  and  in  the  animal  experiment  from  those  derived  from  human  or 
bovine  tubercle.  A.  Maffucci  (*  Zeitschr.  fiir  Hygiene  und  Infect.,'  Band  XI., 
3,  p.  445)  has  minutely  studied  and  described  these  differences. 

The  important  question  that  is  constantly  being  asked  is  this :  Can 
bovine  tubercular  matter  produce  tuberculosis  in  man  ?  No  direct  evidence 
of  this  has  as  yet  been  given,  but  there  are  a  number  of  ascertained  facts 
which  make  it  extremely  probable  that  bovine  tubercle  is  so  communicable. 
On  the  one  hand,  the  pathology  of  bovine  and  human  tubercle  makes  it  quite 
acceptable  that  the  two  are  variations  of  one  disease.  Although  in  some 
minute  details  they  differ  from  one  another,  e.g.  in  the  bovine  species,  tubercle 
of  the  lung  assumes  the  form  of  the  so-called  grapes,  which  it  does  not  in 
man,  they  nevertheless  must  both  be  regarded  as  the  disease  tuberculosis 
(and  as  we  shall  presently  see,  both  are  caused  by  the  same  kind  of  bacillus), 
i.e.  a  granuloma  in  the  lymph  glands,  viscera,  and  marrow  of  bone,  leading 
to  caseation  and  associated  with  the  same  kind  of  microbe ;  it  is  also  true 
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that  in  the  guineapig  and  rabbit  the  result  of  inoculation  and  feeding  with 
the  two  viruses  is  not  quite  identical,  but  they  have,  nevertheless,  this  in 
common,  that  by  subcutaneous  inoculation  and  feeding,  typical  tubercle  can 
be  produced.  These  differences  may  be  and  probably  are  entirely  due  to 
the  fact  that  the  tissues  of  the  bovine  species  are  not  identical  with  those  of 
man,  and  that  the  activity  of  the  virus  is  different  according  as  this  is  bred 
on  bovine  or  human  soil,  that  is  to  say,  that  the  degree  of  virulence  of  the 
two  is  not  the  same.  As  we  shall  see  below,  there  is  other  evidence  to  show 
that  bovine  tubercle  is  of  greater  virulence  than  human  tubercle. 

On  the  other  hand,  the  numerous  cases  of  acute  miliary  tuberculosis  in 
children,  not  derived  from  tubercular  parents,  become  otherwise  very  dif- 
ficult of  explanation.  It  will  not  be  contested  that  tuberculosis  differs  from 
some  other  infectious  diseases  in  this :  that  direct  communicability  from 
person  to  person,  though  proved,  is  yet  of  rare  occurrence.  Villemin  himself 
described  cases  where  a  husband  communicated  tuberculosis  to  his  wife,  and 
vice  versd ;  other  cases  are  on  record  where  a  phthisical  person  (a  midwife) 
infected  new-born  children  with  tuberculosis  ;  but  on  the  whole,  taking  into 
account  the  comparatively  extremely  rare  occurrence  of  tuberculosis  in 
persons  who,  coming  from  a  healthy  stock,  have  been  in  communication  with 
a  tubercular  patient,  it  is  quite  justifiable  to  assert  that  direct  infection  of 
the  healthy  from  the  tuberculous  is  a  rare  event. 

So  that  on  this  assumption  the  comparatively  numerous  cases  of  miliary 
tuberculosis  in  children  are  difficult  of  explanation,  and  we  are  perhaps  not 
far  wrong  in  attributing  such  cases  to  the  consumption  of  cows'  milk  con- 
taiaing  the  tubercular  virus  derived  from  a  tubercular  udder.  Likewise, 
Dr.  Sims  Woodhead  states  that  the  numerous  cases  of  tabes  mesenterica 
(tuberculosis  of  the  intestines  and  mesenteric  glands)  of  children  are  at- 
tributable to  the  consumption  by  these  children  of  milk  derived  from  the 
tubercular  udder  of  the  cow.  But  it  must  not  be  forgotten  that  tuberculosis 
of  the  human  species  is  in  the  majority  of  cases  directly  inherited,  though 
the  disease  as  a  rule  hes  latent  till  the  person  attains  the  teens  or  twenties. 

A  good  many  pathologists  still  maintain  with  Virchow  that  heredity 
means  only  a  greater  predisposition,  a  weakness  of  the  lung  and  other 
tissues,  and  that  if  tuberculosis  actually  makes  its  appearance  in  such  a 
person,  say  when  in  the  teens  or  twenties,  it  probably  is  due  to  infection 
with  tubercle.  Now,  this  view  dates,  as  Baumgarten^  very  correctly  points 
out,  from  a  time  when  tuberculosis  was  not  yet  known  to  be  an  infectious 
disease ;  at  the  present  time  it  has  no  clear  meaning,  because  in  no  other 
infectious  disease  is  anything  so  vague  admitted.  Heredity  of  disease  always 
means,  and  can  only  mean,  the  transmission  of  the  disease  germ  directly 
from  the  parent  to  the  offspring.  In  inherited  tuberculosis  the  disease 
germs  he  dormant  during  the  period  of  the  active  growth  of  the  tissues, 
to  start  multiplying  when  this  has  become  less  active.  The  cases  of  latent 
tuberculosis  are  not  quite  so  rare  as  has  been  represented,  since  on  the 
post-mortem  table  one  has  not  so  very  unfrequently  the  opportunity  of  finding 
a  calcareous  or  caseous  nodule  that  is  really  a  sohtary  tubercle  in  a  lymph 
gland,  in  the  lung,  in  the  liver,  or  in  the  spleen. 

Direct  infection  by  inoculation  is  known  to  occur  on  the  hands  of 
butchers,  cooks,  and  others  handling  carcases  of  tubercular  cows,  and  also 
amongst  those  who  laake  post-mortems  on  human  tubercular  corpses  (tuber- 
culosis cutanea  verrucosa) ;  but  in  all  these  instances  inoculation  is  followed 
by  local  tubercle,  which  after  suppuration  leaves  no  further  mischief  behind. 

A  further  point  in  connection  with  bovine  tubercle  is  the  question 
1  Lehrbuch  d.  pathol.  Mycologie,  p.  626. 
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whether  in  a  tubercular  cow  the  whole  carcase  should  be  declared  dangerous 
for  consumption,  or,  after  the  removal  of  the  tubercular  organs,  should  the 
consumption  of  flesh  be  considered  as  of  no  danger  ?  If,  in  a  tubercular  cow, 
the  tubercular  viscera  or  any  part  thereof  be  considered  dangerous  for  human 
consumption,  then  the  whole  animal  must  be  considered  dangerous.  Tuber- 
culosis being  disseminated  and  involving  in  the  cow  such  very  different  and 
distant  organs  as  the  lungs,  the  lymph  glands,  the  abdominal  viscera,  and  the 
marrow  of  bones  (MacCall),  it  must  be  clear  that  the  tubercular  virus,  though 
it  has  not  its  habitat  in  the  blood,  is  nevertheless  being  disseminated  by 
the  blood  to  the  different  organs,  or  is  carried  from  one  part  to  a  distant 
one  by  means  of  the  blood-vessels.  True,  Klebs,  Cohnheim,  Sanderson,  and 
the  writer  himself,  have  shown  that  in  artificial  tuberculosis  in  guineapigs 
infected  by  way  of  the  peritoneum,  the  process  spreads  by  means  of  the 
lymphatics  from  the  peritoneum  through  the  lymphatics  of  the  diaphragm 
to  the  organs  of  the  thorax;  also  that  after  subcutaneous  infection  the 
virus  spreads  along  the  lymphatic  vessels  and  lymphatic  glands,  but  on  the 
other  hand,  tubercular  deposits  in  the  intima  of  the  carotid  artery,  the  aorta, 
and  other  large  arteries  have  also  been  recorded.  Besides,  the  early  appear- 
ance of  tubercles  in  the  red  marrow  of  the  bones  in  guineapigs  (Klein  and 
Lingard),  after  subcutaneous  inoculation,  and  in  the  bone  marrow  of  the  cow 
in  general  tuberculosis  (MacCall),  conclusively  show  that  the  tubercular  virus 
becomes  disseminated  through  the  general  blood  circulation.  By  injection 
of  tubercular  virus  (artificial  cultivations  of  tubercle  bacilli)  into  the  veins  of 
the  ear  in  rabbits,  the  writer  has.  like  Koch,  produced  most  marked  mihary 
tuberculosis  in  the  lungs  and  liver  :  both  organs  were  riddled  with  vast 
numbers  of  minute  grey  tubercles  (fig.  141).  After  three  weeks  this  con- 
dition was  established,  and  in  the  lung  the  formation  of  the  tubercles  in 
connection  with  blocking  of  capillary  blood-vessels  could  be  clearly  demon- 
strated. Such  being  the  facts,  we  are  justified  in  saying  that  the  dissemi- 
nation of  the  tubercular  virus  by  the  vascular  system  is  proved,  and  under 
this  aspect  all  organs  may,  at  any  time,  harbour  in  their  blood-vessels  the 
tubercular  virus,  though  this  may  be  only  on  transit  to  a  distant  place,  and 
though  a  particular  organ  (e.g.  muscle)  does  not  contain  any  discernible 
tubercular  deposits. 

Kastner  ('  Experim.  Beitrage  zur  Inf.  des  Fleisches  perlsiichtiger  Einder,' 
Miinchen,  1889),  it  is  true,  has  failed  to  produce  tuberculosis  in  guineapigs 
into  whose  peritoneal  cavity  the  juice  of  the  muscular  tissue  of  bovine  animals 
affected  with  tuberculosis  was  injected,  but  such  negative  results  do  not 
justify  us  in  denying  the  possibility  of  infectiveness  of  the  flesh  at  one  time 
or  another.  Besides,  more  recently  Steinheil  ('  Miinchener  med.  Woch.'  1889, 
Nos.  40  and  41)  has  shown  that  injection  of  muscle,  in  which  no  tubercle 
could  be  detected,  but  taken  from  persons  dead  of  phthisis,  into  guinea- 
pigs  produced  well-marked  tubercles  in  fifteen  out  of  eighteen  animals  so 
inoculated.  1 

Cohnheim  and  Salomonson  ^  were  the  first  to  show  that  in  all  tubercular 
material  a  specific  virus  is  present.  On  injecting  a  small  particle  of  such 
matter  into  the  anterior  chamber  of  the  eye,  they  noticed  that  after  the 
first  result  due  to  the  injury  has  passed  off,  the  introduced  particle  gra- 
dually undergoes  diminution  to  almost  complete  disappearance,  but  in  about 
a  fortnight  or  three  weeks  a  crop  of  minute  grey  nodules  which  in  reahty 
are  typical  young  tubercles  are  found  in  the  iris ;  these  gradually  enlarge, 

'  See  also  the  discussion  on  this  subject  by  Banj;,  Arloing,  Nocard  and  others  at  the 
International  Congress  on  Hygiene,  London,  1891. 
^  Uebertragbarkeit  d.  Tuberculose,  Berlin,  1877. 
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and  like  all  ordinary  tubercles  undergo  caseation.  The  tubercular  process  is 
at  first  localised  to  the  iris,  but  it  gradually  spreads  to  the  cervical  lymph 
glands,  and  ultimately  leads  to  general  tuberculosis  of  the  other  lymph 
glands  and  viscera  exactly  as  after  subcutaneous  inoculation.  This  typical 
production  of  a  crop  of  grey  tubercles  on  the  iris  by  tubercular  matter 
enabled  Cohnheim  and  Salomonson  to  difi'erentiate  tubercular  from  non- 
tubercular  matter,  and  they  have  formulated  from  this  the  axiom  that  only 
matter  derived  from  tubercle  is  capable  of  producing  tubercle,  and  that  when- 
ever any  substance  is  found  capable  of  producing  this  iris  tuberculosis,  it  is 
derived  from  tubercle.  By  this  clear  proof  for  the  first  time  a  means  was 
offered  of  making  an  easy  differential  diagnosis  between  tubercular  and  non- 
tubercular  matter,  a  diagnosis  which  those  who,  at  former  times,  were 
engaged  in  work  on  tubercle  found  extremely  difficult.  As  is  well  known 
from  chnical  observation,  the  diagnosis  of  tuberculosis  of  the  lungs 
.sometimes  associated  with  difficulties  :  the  physical  examination  and  sympto- 
matology do  not  always  insure  a  correct  diagnosis.  It  is  true  that  Villemin 
had  proved  by  experiment  that  tuberculosis  is  inoculable,  and  Wilson  Fox 
Jiad  insisted  on  the  specificity  of  tuberculosis  by  numerous  experiments 
which  he  himself  had  carried  out,  yet  there  were  authorities  who  did  not 
■draw  this  sharp  distinction,  but  were  rather  inclined  to  the  view  that  artificial 
tuberculosis  is  due  to  matter  derived  from  a  variety  of  sources  not  necessarily 
always  tubercular,  having  undergone  some  process  of  intensification,  and  be- 
come infective.  For  that  period,  therefore,  the  exact  proof  given  by  Cohnheim 
and  Salomonson  marked  a  very  important  step,  though  the  exact  nature  of 
this  specific  tubercular  virus  remained  undetermined.  The  next  discovery 
was  that  of  Koch,^  who  showed  what  this  nature  is ;  he  demonstrated  a 
particular  species  of  bacilli,  now  familiar  to  all  pathologists  as  the  tubercle 
bacillus,  which  he  found  only  in  tubercle  and  in  no  other  disease,  a  bacillus 
■so  peculiar  and  so  constant  that  its  important  diagnostic  value  was  at  once 
recognised.  No  matter  whether  it  is  a  nodule  in  any  tissue  or  organ  that 
does  or  does  not  present  the  typical  pathological  (gross  and  minute)  characters 
■of  the  classical  tubercle ;  no  matter  whether  in  man  or  the  bovine  species,  in 
the  sheep,  in  the  monkey,  dog,  cat,  rat,  mouse,  rabbit,  guineapig,  fowl,  or 
ostrich,  if  in  such  a  nodule  the  bacilli  characteristic  of  tubercle  can  be 
demonstrated,  that  nodule  is  tubercle,  and  the  disease  is  tuberculosis.  The 
discovery  by  Koch  of  this  fundamental  fact  marks  one  of  the  most  brilliant 
.  and  most  practical  discoveries  of  modern  medical  science ;  the  diagnosis  of 
tubercle,  once  so  difficult  to  make  with  certainty,  is  now,  by  means  of  the 
demonstration  of  the  presence  of  the  tubercle  bacilli,  one  of  the  easiest  and 
at  the  same  time  one  of  the  most  important  helps  in  the  formation  of  a 
correct  diagnosis  in  some  otherwise  doubtful  cases.  Koch  further  proved 
that  not  only  are  these  particular  bacilli  present  in  all  and  every  tubercle  of 
man  and  brutes,  but  he  also  showed  that  these  bacilli  can  be  artificially 
■  cultivated  outside  the  animal  body,  and  with  such  cultures  typical  and  general 
tuberculosis  can  be  produced  by  inoculation,  the  tubercles  thus  produced 
again  containing  the  same  tubercle  bacilli ;  in  short,  he  conclusively  established 
that  these  bacilli  are  ^/ie  vera  causa  of  the  disease  tuberculosis.  The  whole 
problem  concerning  one  of  the  most  widespread,  fatal,  and  at  that  time  Httle 
understood  diseases  of  man  and  animals  was  by  these  researches  at  once 
cleared  up,  and  considering  the  difficulties  in  the  solution  of  the  problem  and 
"the  necessity  of  having  had  to  invent  special  methods  by  which  this  research 
"was  carried  to  a  successful  issue,  we  have  no  hesitation  in  saying  that  this 
^discovery  of  Koch  marks  one  of  the  most  important,  if  not  the  most  important, 
'  Berliner  klin.  Wochenschr.,  1882. 
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epoch  in  pathology.  Many  are  the  workers  who  since  Koch  have  contributed 
towards  further  details  as  to  this  matter  ;  but  without  any  intention  of" 
minimising  the  importance  of  any  and  every  contribution  of  fact  towards  a 
clear  understanding  of  this  disease  and  its  prevention,  we  are,  we  think,  within 
the  hmits  of  absolute  correctness  in  saymg  that  Koch's  pubhcations  on 
tuberculosis  ('  Berliner  klin.  Woch.,'  1882  ;  and  '  Mitth.  aus  d.  k.  Gesundheits- 
amte,'  II.)  contain  almost  the  complete  solution  of  the  problem.  Koch 
showed  that  by  staining  tubercular  materials  (in  cover-glass  specimens  or  in 
sections)  with  aniline  dyes  (methyl  blue)  to  which  a  little  alkah  is  added, 
and  then  subjecting  them  to  decolourising  agencies  (nitric  acid,  hydrochloric 
acid),  all  the  colour  is  lost  from  the  elements  of  the  tissue  with  the  exception 
of  the  tubercle  bacilli  themselves.  Ehrlich  then  showed  that  by  staming^ 
tubercular  material  in  fuchsin  aniline  oil  and  then  treating  the  specimen 
with  one-third  nitric  acid  (ordinary  nitric  acid  one  part,  water  two  parts),  all 
the  colour  is  removed  except  from  the  tubercle  baciUi,  these  retaining  the 
red  colour ;  by  after-stairdng  with  vesuvin  or  methyl  blue  the  tissue  is  again 
stained  brown  or  blue  respectively,  while  the  tubercle  bacilli  retain  the 
beautiful  bright  red  colour.  The  leprosy  bacilH,  the  syphilis  bacilh,  and  the 
smegma  bacilli  have  the  same  power  of  withstanding  the  action  of  nitric  acid 
after  fuchsin  stainmg,  but  other  bacteria  become  decolourised.  The  best 
method,  and  one  always  used  with  success,  is  to  stain  with  Ziehl's  carbol 
fuchsin  from  twenty  to  thh'ty  minutes  at  35°  to  40°  C,  then  washing  in  water 
for  a  second  or  two,  then  for  a  few  seconds  (five  to  ten)  in  33^  per  cent,  nitric 
acid,  washing  again  in  water  and  placing  in  methyl  blue  aniline  oil  for  five  to 
ten  minutes,  washing  and  treating  in  the  usual  way,  according  to  vrhether 
a  cover-glass  specimen  or  section  is  being  dealt  with.  The  writer  has  never 
seen  failure  with  this  method  :  the  tubercle  bacilU  are  always  brought  out 
with  striking  clearness. 

A  great  many  modifications  for  staining  the  tubercle  bacilli  have  been 
published,  all  good  to  a  lesser  or  greater  degree,  but  the  one  just  mentioned 
is  as  good  as  any  and  in  many  instances  has  proved  simpler  and  better. 
The  tubercle  bacilli  always  occur  in  tubercular  nodules,  sometimes  more 
numerously  where  caseation  has  already  set  in  than  in  the  earlier  stages. 
They  occur  isolated  or  in  groups  between  the  cells  constituting  the  tubercle,, 
or  they  are  found  singly  or  in  small  groups  within  the  larger  cells  ;  when 
present  in  giant  cells  they  are  found  in  large  numbers,  forming  a  sort  of 
annular  zone  around  the  central  portion.  In  some  giant  cells  their  number- 
is  at  times  very  Hmited,  and  Koch  has  concluded  from  this  fact  that  the 
tubercle  bacilli  suffer  death  in  the  giant  cells,  and  hence  disappear  from 
them.  In  human  tubercle,  the  tubercle  bacilli  are,  as  a  rule,  between  the 
elements  constituting  the  tubercle  ;  but,  as  just  mentioned,  they  also  occur 
within  the  uni-  and  multi-nucleated  ceUs.  In  bovine  tubercle,  however,  the 
rule  is  that  they  are  mostly  present  in  the  uni-  and  multi-nuclear  cells,  and 
only  when  these  degenerate  and  break  up  do  they  become  free ;  in  the 
caseous  matter  they  are  present  in  groups  in  the  granular  d&hris.  In  tubercle 
of  rabbit  (lung  and  Hver),  produced  by  inoculation  with  bovine  tubercular 
matter,  or  with  artificial  culture  derived  from  bovine  tubercle,  the  presence 
of  tubercle  bacilli  within  the  cells — small,  large,  and  giant  cells — is  very 
conspicuous,  and  yields  very  remarkable  specimens  {see  fig.  110). 

The  tubercle  bacilli  in  human  tubercle  are  delicate  cylindrical  rods 
measuring  1*5-4  /x ;  many  are  straight,  with  rounded  ends,  but  others  are 
slightly  curved;  in  preparations  (sputum,  purulent  matter,  or  sections)  stained 
in  the  above  manner  the  bacilli  always  appear  composed  of  granules,  that  is 
to  say,  within  a  faintly  stained  sheath  the  protoplasm  is  segregated  into 
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deeply  stained,  cubical,  spherical,  or  rod-shaped  granules  ;  between  the 
granules  the  sheath  is  empty,  but  these  empty  places  are  not  to  be  taken  for 
bright  spores,  as  is  done  by  some  observers,  nor  is  it  proved  that  the  above 
granules  are  spores.  That  the  tubercle  bacilli  contain  spores  is  proved  by 
numerous  experiments  of  drying  and  heating,  to  be  detailed  below  ;  but  what 
the  character  of  these  spores  is,  and  how  they  appear  in  the  bacilh,  has  not  been 
satisfactorily  shown.  In  bovine  tubercular  matter  prepared  in  the  same 
manner  the  tubercle  bacilli  are,  as  a  rule,  shorter  and  thinner,  and  though  we 
do  not  for  a  moment  question  the  fact  that  some  tubercle  bacilli  of  human 
tubercle  are  as  short  and  thin  as  those  of  bovine  tubercle,  we  are  confident 
from  numerous  observations  that  the  majority  of  the  human  tubercle  bacilli 
are  longer  and  thicker  than  those  of  bovine  tubercle  ;  besides,  in  preparations 
stained  in  the  above  manner,  the  segregation  of  the  protoplasm  within 
the  sheath,  though  also  present  in  many  tubercle  baciUi  of  bovine  tubercle, 
is  not  so  general  and  uniform  as  m  those  of  human  tubercle.  But  these 
minute  difi^erences  need  mean  nothing  more  than  differences  due  to  the  dif- 
ferent soils  on  which  the  bacilli  were  reared.  Such  morphological  differences 
in  size  and  aspect  in  one  and  the  same  species  of  microbes  are  well  known 
to  occur  in  other  instances  if  the  microbe  be  cultivated  in  different  soils. 
When  the  tubercle  bacilli  from  any  source  (bovine,  human,  or  from  artificially 
infected  animals)  are  passed  through  the  rabbit  or  the  guineapig,  in  these 
animals  the  new  crop  of  bacilli  all  appear  to  be  morphologically  the  same. 

The  tubercle  bacilli  show  definite  characters  in  cultivation.  Koch  suc- 
ceeded in  cultivating  them  on  solid  blood  serum.  On  inoculating  the  slanting 
surface  of  the  sohd  serum  with  tubercular  matter,  and  provided  no  other 
bacteria  are  introduced,  Koch  noticed  the  first  signs  of  growth  in  ten  to  four- 
teen days.  Koch  used  for  inoculations  of  serum  tubes  the  tubercular  deposits 
of  a  swollen  lymphatic  gland  of  a  guineapig,  three  to  four  weeks  previously 
inoculated  with  tubercular  matter,  clean  sterile  instruments  being  used. 
After  ten  to  fourteen  days  the  first  signs  of  the  growth  of  the  tubercle  bacilli 
showed  themselves  in  the  form  of  whitish  points  and  patches,  resembling  dry 
scales.  On  further  growth  they  enlarged,  and  where  close  together  they 
coalesced  into  dry  whitish  scaly  masses  with  irregular  outline.  From  such 
primary  cultures,  sub-cultures  on  serum  were  then  carried  out.  But  under  a 
magnifying  lens,  or  better  under  the  microscope,  the  growth  and  multi- 
plication of  the  tubercle  bacilh  can  be  seen  before  the  end  of  the  first 
week.  Peculiar  curved,  or  convoluted,  or  S-shaped  whitish  lines,  which 
prove  to  be  strands  of  tubercle  bacilli,  are  noticed  even  at  this  early  stage. 
On  agar  broth  the  growth  is  very  limited,  and  also  in  broth.  But  Eoux  and 
Nocard  showed  that  by  adding  6  per  cent,  of  glycerine  to  agar  meat  in- 
fusion, or  to  meat  broth,  the  tubercle  bacilli  can  be  brought  into  rapid  and 
extensive  multiplication.  On  glycerine-agar-beef  infusion  the  tubercle 
bacilli  grow  very  rapidly,  the  growth  being  visible  after  six  to  eight 
days,  and  after  several  weeks  to  several  months  covers  the  whole  surface 
aa  a  whitish,  pecuHarly  wrinkled,  dry  film,  extending  as  a  white  thin  pellicle 
over  the  condensation  water  at  the  bottom  of  the  tube.  In  order  to  obtain 
good  and  copious  growth  it  is  necessary  to  keep  the  tubes  capped  from  the 
outset.  The  writer  has  obtained  very  copious  growths  in  alkaline  broth,  to 
which  a  piece  of  boiled  white  of  egg  was  added.  In  such  tubes  the  broth  kept 
at  37°  C.  remains  clear  for  four  or  five  days,  then  minute  flocculi  and  granules 
appear  at  the  bottom  and  along  the  wall  of  the  tube,  where  it  is  in  contact 
with  the  broth  ;  after  a  fortnight  the  growth  becomes  abundant,  and  on 
shaking  the  broth  is  made  turbid  by  the  numerous  flocculi.  On  potato 
moistened  with  broth  it  is  hkewise  possible  to  obtain  growth.     Temperatures 
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-of  36°  to  38°  C.  are  most  favourable  for  the  growth  ;  below  30°  or  above  42°  0. 
no  growth  can  be  noticed. 

Koch  has  shown  that  by  subcutaneous  or  intravascular  injection,  by  in- 
lialation,  and  by  inoculation  into  the  peritoneum  or  the  anterior  chamber  of 
the  eye,  &c.,  of  artificial  sub-cultures  removed  by  many  generations  from  the 
original  source,  typical  tuberculosis  is  produced  in  all  animals  susceptible  to 
tubercle  (guineapigs,  rabbits,  dogs,  rats,  mice),  and  that  the  tubercular  deposits 
in  these  experimental  animals  again  contain  abundantly  the  tubercle  bacilH ; 
thus,  the  final  and  exact  proof  that  the  tubercle  bacilh  are  the  vera  causa  of 
the  tubercular  process  was  definitely  estabhshed.  The  intravascular  and 
intraperitoneal  injection  produced  the  most  striking  and  rapid  results. 

Although  the  growth  on  glycerine  agar  mixture  is  copious,  it  yet  has 
this  drawback,  that  by  continued  sub-culture  the  virulence  of  the  baciUi  is 
diminished.  The  first  sub-cultures  act  virulently,  inasmuch  as  they  produce 
general  and  fatal  tuberculosis  on  inoculation  into  guineapigs ;  thus  even 
with  a  fourth  and  fifth  sub-culture  the  writer  has  succeeded  in  producing  the 
same  results  as  by  directly  using  sputum  or  bovine  tubercle,  but  after  the 
eighth  or  tenth  generation  it  has  not  been  possible  to  produce  general 
tuberculosis  and  death  of  the  guineapigs  by  inoculation.  The  writer  has 
found  that  if  from  an  agar-glycerine  culture,  which,  owing  to  age  or  sub- 
cultures, has  completely  lost  its  virulence,  new  cultures  are  estabhshed  in 
alkaline  beef  broth,  to  which  a  piece  of  boiled  white  of  egg  is  added,  these 
sometimes  again  acquire  a  somewhat  virulent  character. 

By  injection  of  large  quantities  of  cultures  (a  full  Pravaz  syringe  of  a 
milky  salt  mixture)  directly  into  the  ear  vein  of  the  rabbit  the  writer  has 
produced  in  two  weeks  extensive  tuberculosis  in  the  lung,  both  lungs  being 
riddled  with  minute  tubercles,  the  small  ones  (varying  in  size  from  about  the 
point  to  the  head  of  a  pin)  being  grey,  the  larger  ones  yellow  and  caseous  in 
the  centre  {see  also  Koch).  In  guineapigs  inoculated  with  considerable 
quantities  of  late  sub-cultures  on  glycerine  agar,  firm-swelling  and  purulent 
■change  in  the  nearest  lymph  gland  can  be  produced,  leading  to  abscess  and 
ulceration  ;  in  such  glands  the  presence  of  crowds  of  tubercle  bacilli  can  be 
easily  demonstrated  in  cover-glass  specimens  ;  but  the  glands  gradually 
diminish  in  size,  the  ulcer  heals,  and  after  eight  to  ten  weeks  httle  can  be 
noticed  ;  the  animals  do  not  grow  thin  and  do  not  die. 

Eight  such  guineapigs  were  after  six  months  re-inoculated  with  virulent 
tubercle  (tubercle  of  bovine  lung)  ;  they  all  developed  in  the  normal  time 
general  tuberculosis,  and  died.  On  the  2^ost-mortem  being  made  no  difi"erence 
could  be  detected  between  them  and  control  animals.  But  it  is  justifiable  to 
suppose  that  with  the  proper  degree  of  virulence,  i.e.  the  proper  stage  of 
attenuation,  the  cultures  might  produce  a  more  severe  effect  than  the  above 
■cultures,  an  effect  which,  though  not  leading  to  the  development  of  general 
tuberculosis,  might  yet  protect  the  animals  against  a  second  inoculation  of 
virulent  material. 

As  a  rule,  cultures  made  in  alkaline  beef  broth  to  which  a  piece  of 
•boiled  egg  albumen  has  been  added  behave  in  the  same  manner  as  glycerine 
agar  sub-cultures  ;  that  is  to  say,  in  the  former  the  virulence  of  the  tubercle 
bacilli  becomes  gradually  attenuated  by  sub-cultures,  so  much  so  that 
injecting  a  considerable  quantity  of  a  late  broth  sub-culture  into  rabbits  (the 
ear  vein),  or,  better  still,  into  the  muscle  of  the  abdominal  wall,  only  a  local 
abscess  is  slowly  developed  ;  the  pus  and  particularly  the  wall  of  the  abscess 
■contain  the  tubercle  bacilh.  After  the  abscess  is  opened,  spontaneously  or 
by  incision,  the  wound  heals  and  the  animal  completely  recovers.  With 
Dr.  Schorstein  the  writer  has  made  experiments  with  the  pus  of  such  a  local 
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abscess,  and  it  was  found  that  on  subcutaneous  inoculation  into  guineapigs 
a  mucb  more  marked  result  is  produced ;  in  fact,  general  tuberculosis  ensues^ 
thus  proving  that  the  tubercle  bacilli,  attenuated  in  the  broth  culture,  when 
passed  through  the  guineapig  regain  their  virulence.  A  condition  similar  in 
principle  to  this  will  be  mentioned  of  the  tubercular  virus  of  human  scrofula. 
{see  below),  this  being  an  attenuated  form  of  the  tubercular  virus,  but  gaining, 
in  virulence  as  it  is  passed  through  the  guineapig. 

The  sub-cultures  on  glycerine  agar  show  after  several  months  besides 
the  typical  forms  of  cylindrical  and  granular  tubercle  bacilU  also  some  fila- 
ments made  up  of  rods  and  granules.  Some  of  these  filaments  are  remark- 
able by  their  being  undoubtedly  branched  hke  the  mycelium  of  ahyphomycetes,. 
and,  further,  by  some  being  club-shaped  at  the  end  or  beaded  in  their  course ; 
these  club-shaped  and  branched  filaments  are  the  more  numerous  the  older 
the  culture.  Although  the  club-shaped  and  beaded  condition  might  correspond 
to  involution  of  the  threads,  the  branched  condition  cannot,  and  therefore  the 
club-shaped  forms  may  well  represent  the  growing  ends  of  the  threads  of  a 
mycelium  ;  the  two  together,  i.e.  club-shaped  and  branched  threads,  would^ 
therefore,  indicate  that  the  typical  tubercle  bacillus  is  a  phase  only  in  the  de- 
velopment of  an  organism,  which  under  certain  conditions  (glycerine  agar) 
declares  its  true  nature  and  origin,  being,  namely,  comparable  to  a  fungus 
having  a  mycehal  stage  {see  Klein  in  the  Eeport  of  the  Medical  Officer  of 
the  Local  Government  Board,  1889,  Plate  XXVII.,  figs.  61,  62,  63). 

SCBOFULA   AND    LuPUS 

Koch  and  many  other  observers  have  shown  that,  both  in  scrofula  and 
lupus,  tubercle  bacilli  occur,  and  that  with  both  these  materials  general 
tuberculosis  caa  be  induced  in  guineapigs.  But  since  these  two  diseases  are 
in  the  human  subject  well-marked  disorders,  distinct  from  pulmonary  tuber- 
culosis, it  is  necessary  to  assume  that  the  tubercle  bacilli  in  the  three  diseases 
possess  some  functional  differences.  To  say  that  lupus  is  a  form  of  tubercu- 
losis of  the  skin  does  not  cover  the  facts,  since  real  tuberculosis  of  the  skin 
does  occur,  and  is  totally  different  from  lupus  ;  so  also  scrofula  is  not  merely 
tuberculosis  localised  in  the  cervical  lymph  glands,  since,  in  many  instances, 
it  does  not  lead  to  pulmonary  and  general  tuberculosis,  whereas  the  true 
tuberculosis  of  lymph  glands  does  so.  It  is  quite  feasible  to  assume  that 
both  lupus  and  scrofula  are  tuberculosis,  but  that  in  origin  and  virulence  their 
tubercle  bacilli  are  different  from  the  bacilli  causing  true  tuberculosis.  That 
the  virulence  of  the  virus  of  lupus  and  scrofula  cannot  be  the  same  as  that  of 
the  material  of  human  and  bovine  pulmonary  tubercle  is  proved  by  experi- 
ments of  Dr.  A.  Lingard,^  who  showed  that  the  duration  and  extent  of  the 
disease  induced  by  inoculation  of  lupus  or  scrofula  into  guineapigs  is  quite 
different  from  that  induced  by  pulmonary  tubercular  matter,  and,  further,  that 
if  a  guineapig  is  made  tubercular  with  scrofulous  matter,  and  the  tubercle  of 
such  an  animal  is  again  transmitted  by  inoculation  through  several  genera- 
tions of  fresh  guineapigs,  the  disease  thus  produced  gains  gradually  in  short- 
ness of  duration  and  intensity,  until  after  several  generations  the  same  effect 
of  general  tuberculosis  is  produced  as  that  produced  directly  by  matter  of 
pulmonary  human  tuberculosis. 

That  the  tubercle  bacilli  in  one  phase  or  another  do  contain  spores  has 
been  shown  by  Koch,  who  found  that  tubercular  sputum  when  thoroughly 
dried  maintains  its  virulent  character.  The  writer  has  repeated  these  ex- 
periments, and  can  say  that  tubercular  matter  (from  human  tubercles  of  the 

1  Eeport  of  the  Medical  Officer  of  the  Local  Government  Board,  1888,  p.  462. 
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lung  and  lymph  glands,  from  bovine  tubercle  of  the  lung,  tubercular  matter 
from  lymph  glands,  lung,  Hver,  and  spleen  of  guineapigs  dead  of  general 
tuberculosis  artificially  produced)  bears  thorough  drying  without  losing  its 
virulence.  The  ■writer  has  also  repeated  these  experiments  with  regard  to 
artificial  cultivations :  a  small  particle  of  culture  is  mixed  well  in  sterile 
water ;  of  this  mixture  a  thin  film  is  spread  out  on  a  glass  slide  and  this 
is  thoroughly  dried,  then  the  film  is  again  scraped  off,  mixed  with  a  drop 
of  water,  and  with  this  mixture  guineapigs  are  subcutaneously  inoculated  : 
these  become  affected  with  general  tubercle  in  the  usual  way. 

Now,  if  the  tubercle  bacilli  had  no  spores,  they  would  not  in  all  cases 
survive  thorough  drying ;  no  sporeless  bacillus  is  known  that  can  survive 
thorough  drying  ;  whereas  all  bacilli  in  the  stage  of  spore-bearing  survive 
this  process.  Further,  tubercular  matter  and  cultures  of  tubercle  bacilli  sur- 
vive temperatures  up  to  100°  C.  Non-spore-bearing  bacilli  and  micrococci 
are  killed  by  being  exposed  for  five  minutes  to  a  temperature  of  65-70°  C, 
whereas  spores  of  other  bacilli  withstand  much  higher  temperatures.  Tuber- 
cular sputum  distributed  in  salt  solution  does  not  lose  in  the  least  its  viru- 
lence by  being  kept  at  100°  C.  for  one  to  two  minutes.  Nor  does  a  solution 
of  perchloride  of  mercury  kill  the  tubercle  bacilli  in  the  way  it  does  sporeless 
bacilli.  Dr.  Lingard  found  (Eeport  of  Medical  Officer  of  Local  Government 
Board  for  1885,  p.  183)  that  solution  of  perchloride  of  mercury,  one  grain 
of  mercuric  bichloride  to  960  grains  of  water,  that  is  to  say,  about  one  in 
1,000,  although  it  kills  the  bacilli  in  human  tubercular  matter  when  acting 
on  it  for  four  hours,  does  not  do  so  in  the  case  of  bovine  tubercular  matter, 
since  not  even  eight  hours'  exposure  to  the  solution  is  sufficient  to  destroy 
the  infective  power  of  that  material.  This  also  shows,  as  has  been 
mentioned  already  on  a  former  page,  that  bovine  tubercular  matter  is  of 
a  higher  degree  of  virulence  than  human  tubercular  matter. 

The  important  observations  of  Schottelius  ('  Centralbl.  f. Bact.  und  Parasit.,' 
Vn.,  9),  that  tubercle  bacilli  taken  from  the  lung  of  phthisical  persons,  buried 
for  years,  still  possessed  on  inoculation  into  rabbits  and  guineapigs  the 
capability  of  producing  artificial  tuberculosis,  have  been  already  mentioned. 

Schottelius  further  shows  that  the  tubercular  lung  kept  in  soil  (enclosed 
in  a  wooden  box)  shows  an  incomparably  large  increase  in  temperature,  amount- 
ing in  some  experiments  to  a  rise  to  34°  C.  This  would  indicate  that  under 
these  conditions  the  tubercle  bacilli  in  such  a  lung  are  capable  of  continuing  to 
live  and  multiply.  From  these  experiments  the  conclusion  must  be  drawn 
that  the  tubercle  bacilli  are  not  true  parasites,  but  belong  to  the  ectogenic 
microbes,  which  can  live  and  thrive  independent  of  a  living  host. 

In  August  1890,  on  the  occasion  of  the  International  Medical  Congress 
held  in  Berlin,  and  in  subsequent  publications,  Koch  announced  that 
by  experiment  he  had  ascertained  that  when  guineapigs,  previously  made 
tubercular  by  subcutaneous  inoculation,  are  inoculated,  at  a  date  when 
the  animals  show  the  signs  of  tuberculosis,  with  extract  (glycerine  extract) 
of  dead  tubercle  cultures,  the  growth  itself  from  the  surface  of  serum  or 
glycerine  agar  being  rubbed  down  and  extracted  with  glycerme,  the  tuber- 
cular glands  of  these  animals  undergo  a  rapid  necrosis  and  elimination, 
brought  about  by  an  acute  reactive  inflammation  beginning  in  the  tissues 
around  the  tubercle,  but  the  tubercle  bacilli  themselves  are  not  affected  by  it. 
He  then  applied  this  method  of  injecting  glycerine  extract  of  dead  tubercle 
cultures — tuberculin — in  very  small  doses,  O'001-O-Ol  gramme,  into  the 
human  subject :  lupus,  bone  tuberculosis,  and  early  pulmonary  tuberculosis. 
The  result  was  remarkable,  since  most  patients  affected  with  one  or  another 
form  of  tuberculosis   reacted  very  conspicuously   to   such  injection :  high 
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iemperature,  great  local  congestion  and  inflammation  in  lupus,  and  bone 
tubercle.  Persons  not  affected  with  tubercle  do  not,  as  a  rule,  show  any 
reaction  to  such  small  doses.  In  lupus,  and  bone  and  joint  tubercle,  the  tuber- 
cular tissue  becomes  necrotic,  is  either  spontaneously  eliminated,  as  in  lupus, 
by  the  reactive  inflammation  of  the  surrounding  tissue,  or  can  be  removed  by 
surgical  aid,  as  in  tuberculosis  of  bone.  Tuberculin  is,  then,  a  distinct  means 
•of  diagnosing  tubercle  in  the  living  subject,  otherwise  not  easily  diagnosed. 
Also  with  regard  to  bovine  tubercle,  the  injection  of  tuberculin  has  proved  of 
great  value,  since  early  tuberculosis,  not  otherwise  apparent,  can  be  diagnosed 
by  the  definite  reaction  (rise  of  temperature)  that  occurs  in  such  animals,  but 
not  in  animals  free  from  tubercle.  These  observations  have  been  recorded 
loj  a  number  of  accurate  experimenters  on  the  Continent,  in  England,  and  in 
America. 

Weyl  has  analysed  the  tuberculin,  and  found  that  the  essential  portion 
of  it  is  a  substance  related  to  mucin,  not  to  albumin.  Dr.  W.  Hunter  ('  Brit. 
Med.  Jour.,'  1891)  has  more  accurately  determined  the  various  principles 
3)resent  in  tubercuhn. 

Good  therapeutic  results  have  been  obtained  with  the  tuberculin  in 
lupus,  bone  tuberculosis,  and  in  early  pulmonary  tuberculosis  ;  in  advanced 
pulmonary  tuberculosis  the  injection  of  tuberculin  has  in  some  cases  pro- 
duced a  dissemination  of  the  tubercle  baciUi  and  acute  miliary  tuberculosis 
in  the  lung  and  other  viscera  (Virchow).  The  same  or  similar  results  have 
been  obtained  in  tuberculised  guineapigs  by  Baumgarten  after  injection  of 
tuberculin. 


CHAPTER  XXVn 

lepbost— actinomycosis— tbachoma 
Lepeost 

Lbpkosy  belongs  to  the  group  of  granulomata,  inasmuch  as  in  the  ma- 
jority of  cases — the  tubercular  form — the  connective  tissue  of  the  skin, 
and  to  a  smaller  extent  of  the  mucous  membrane  of  the  mouth,  pharynx, 
larynx,  cornea,  testes,  parenchymatous  organs,  and  marrow  of  bone,  are 
the  seat  of  nodular  deposits  made  up  of  cells.  These  cells  are  spherical, 
oblong,  spindle-shaped,  or  irregular ;  in  the  central  part  of  the  nodules  or 
tubercles  they  are  more  closely  placed  side  by  side ;  in  the  peripheral,  i.e. 
towards  the  surrounding  portions,  they  are  less  crowded  ;  few  of  the  cells  are 
small  like  leucocytes  ;  the  majority  are  twice  or  thrice  or  more  times  this  size. 
But  whether  small  or  large  they  generally  possess  a  single  nucleus  ;  the  large 
cells  have  received  from  Virchow  the  name  of  leprosy  cells.  "Where  the 
cells  are  closely  aggregated  there  is  very  little  other  tissue  between  them. 
In  the  peripheral  parts,  however,  there  are  connective  tissue  bundles  between 
them.  The  tubercle  or  nodule  enlarges  by  masses  of  cells  becoming  de- 
posited in  the  surrounding  tissue — fibrous  tissue,  muscular  tissue,  cartilage, 
&c.  The  nodules  may  also  enlarge  towards  the  surface,  i.e.  involve  the 
epidermis  or  epithelium ;  and  this  latter  then  ultimately  sooner  or  later  be- 
comes destroyed,  and  a  discharging,  ulcerating  sore  is  estabUshed;  but  this  is 
not  the  necessary  fate  of  the  tubercles,  since  some,  having  reached  their 
maximum  growth,  dwindle  down  and  become  absorbed,  leaving  an  oedematous, 
puffy,  discoloured  patch  of  the  skin  behind.  In  all  the  nodules,  however, 
numerous  cells  are  constantly  disintegrating,  the  nucleus  swells  up  and  dis- 
appears, and  then  the  cell  substance  disintegrates.     In  the  second  form,  the 


224  HYGIENE 

ansesthetic  form,  there  are  no  nodules  formed,  but  the  nerves  undergo  a 
fibrous  degeneration  ;  in  the  early  stages  the  connective  tissues  of  the  nerve 
—the  general  epineurium  and  the  perineurium — contain  in  their  lymph 
channels  and  lymph  spaces  cells  which  also  gradually  invade  the  connective 
tissue  within  the  nerve  bundles,  i.e.  the  endoneurium ;  gradually  the  con- 
nective tissue  thickens,  and  in  the  nerve  bundles  the  nerve  fibres  undergo 
degeneration  leading  to  the  disappearance  of  the  axis  cylinders  and  medullary 
sheath  and  the  transformation  of  the  whole  nerve  fibre  into  a  connective- 
tissue  bundle. 

That  leprosy  is  a  communicable  disease  is  proved  in  several  instances  : 
Europeans  hvingwith  lepers  (Father  Damien),  sexual  connection  of  Em^opeans 
with  lepers  (in  India  and  other  Eastern  countries)  ;  but  by  what  ways  the 
leprosy  virus  enters  the  body  is  unknown.  Likewise  it  is  not  known  why  the 
disease  is,  on  the  whole,  so  rarely  communicated  to  healthy  persons  repeatedly 
in  contact  with  lepers,  for  the  fact  that  the  disease  is  one  of  the  least  easily 
communicated  is  a  conspicuous  feature  in  all  countries  where  leprosy  pre- 
vails. Occasional  cases  of  leprosy  occur  in  England  and  in  America  nowa- 
days, some  of  which  have  contracted  the  malady  in  the  East :  they  present 
sometimes  a  very  severe  form,  but  no  communication  to  other  persons  has 
been  known  to  occur.  The  writer  has  seen  a  very  severe  case  of  leprosy  in 
a  young  man,  who  contracted  the  disease  in  India  :  the  patient's  face  and  ears 
were  reaUy  one  large  sore  discharging  purulent  matter  very  copiously  ;  every 
trace  of  this  discharge  was  crowded  with  round  cells  and  large  leprosy  ceUs, 
all  of  them  crowded  with  the  leprosy  virus,  i.e.  the  lepra  bacilli,  numerous 
cells  in  a  state  of  disintegration,  and  hereby  the  bacilli  becoming  free  and 
scattered  in  the  fluid  part.  Fig.  147  is  a  representation  of  this  discharge,  and 
yet,  though  the  patient  voided  many  thousands  of  the  bacilh  in  every  drop  of 
the  discharge,  no  case  of  leprosy  was  known  to  have  been  communicated  by  it. 
But  though  the  disease  seems  to  be  communicated  with  difficulty,  it  behoves 
us  in  the  face  of  the  copious  crop  of  lepra  bacilli  yielded  by  the  leprous  ulcers 
to  be  on  our  guard  and  to  keep  lepers  as  much  isolated  as  possible ;  and  this 
wise  precaution  is,  as  is  well  known,  practised  in  Norway,  as  also  in  many 
places  in  the  East  and  West,  where  leprosy  prevails. 

A  microscopic  section  through  a  leprous  tubercle  (figs.  145  and  146)  shows 
the  tubercle  to  be  a  granuloma,  i.e.  an  aggregation  of  cells,  each  and  aU  of 
them  Uterally  filled  with  minute  bacilh.  A.  Hansen  ('  Virchow's  Archiv,' 
Band  LXXIX.  and  XC.)  was  the  first  to  have  observed  this  fact,  and  he 
justly  regarded  these  bacilh  as  the  virus,  i.e.,  as  the  bacillus  leprae.  Neisser 
(' Breslauer  arztl.  Zeitschrift,'  XX.  and  XXL,  1877;  'Virchow's  Archiv,' 
LXXXIV.)  then  showed  that  these  bacilh  have  pecuhar  characters  of  staining, 
and  he  also  claims  to  have  succeeded  in  artificially  cultivating  them.  Cover- 
glass  specimens  are  made  from  a  scraping  or  part  of  a  leprous  nodule,  or  the 
discharge  of  a  leprous  ulcer,  by  spreading  it  out  in  a  thin  film  on  a  cover-glass, 
drying  and  heating,  then  staining  after  Ehrhch's  method  of  staining  for 
tubercle  bacilli  (in  carbol  fuchsin  for  twenty  to  thhty  minutes  at  35°  C.^ 
then  washing  in  water,  then  for  a  few  seconds  in  33^  per  cent,  nitric  acid, 
washing  in  water,  dijing,  and  mounting) ;  such  specimens  show  the  leprosy 
cells,  some  small,  some  very  large,  all  crowded  with  minute  stifl',  thin,  and 
relatively  long  bacilli.  Many  ceUs  are  in  a  state  of  disintegration,  or  broken- 
down  into  granular  debris,  and  in  accordance  with  this,  numerous  bacilh  are 
found  free,  isolated  or  in  groups.  The  large  and  middle-sized  ceUs  are  par- 
ticularly interesting,  since  their  substance  is  almost  enthely  occupied  with  the 
bacilli  arranged  in  bundles,  which  bundles  often  he  towards  one  another  at 
sharp  angles,  and  hereby  produce  a  very  striking  effect.     Sections  through  a 
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leprous  nodule  stained  in  the  above  manner  (carbol  fucbsin,  33^  per  cent,  nitric 
acid,  washed  in  water,  then  counter-stained  in  methyl-blue  aniline  water  for 
fifteen  to  thirty  minutes)  shows  the  nuclei  of  the  tissue  blue,  the  cells  forming 
the  leprous  nodule  red,  owing  to  the  fact  that  their  substance  is  crowded  with 
the  (red)  leprosy  bacilli ;  in  such  sections  nothing  can  be  seen  of  the  nuclei  or 
substance  of  the  leprosy  cells,  the  cells  being  marked  merely  as  groups  of  densely 
aggregated  leprosy  bacilli  (fig.  146).  While,  then,  the  lepra  baeilU  have  cha- 
racters in  staining  by  which  they  resemble  the  tubercle  bacilli,  they  differ 
according  to  Baumgarten  and  others  in  this,  that  they  stain  in  alkahne 
methylene  blue  with  conspicuously  greater  difficulty  than  the  tubercle  bacilli. 
The  lepra  bacilli  are  on  the  average  4-8  /jl  long,  and  about  0'8  /m  thick ;  in  well- 
stained  and  well-washed  specimens  they,  like  the  tubercle  bacilli,  show  segre- 
gation of  the  protoplasm  (deeply  stained  granules)  in  a  faintly  stained  sheath  ; 
the  bacilli  appear  straight  or  slightly  bent  and  more  or  less  possessed  of 
pointed  ends.  The  remarkable  constancy  with  which  the  lepra  bacilli  occur 
in  dense  crowds  in  the  leprosy  cells,  and  their  peculiar  characters,  are  striking.. 
Neisser  maintains  that  he  has  succeeded  in  cultivating  the  lepra  bacilli, 
but  the  evidence  adduced  is  not  deemed  sufficient.  Bordoni-Uffreduzzi 
('  Zeitschrift  f.  Hygiene,'  III.,  p.  178)  maintains,  however,  that  he  has 
produced  artificial  cultures  from  the  leprosy  nodules  of  bone  marrow,  on 
glycerine  serum  to  which  peptone  and  salt  had  been  added,  kept  at  35-37°  C. 
The  line  of  inoculation  became  marked  as  a  yellowish  irregularly  outlined 
band  ;  the  serum  was  not  liquefied.  On  glycerine  agar,  inoculated  with 
considerable  quantity  of  leprous  material,  the  same  kind  of  growth  took  place. 
In  glycerine  agar  plates  the  colonies  that  grew  on  the  surface  and  in  the 
depth,  seen  under  a  magnifying  power  of  100-200,  were  rounded  reticulated 
patches,  with  dark  thick  centre. 

Inoculation  experiments  on  animals,  though  repeatedly  tried  by  a  large 
number  of  observers — Damsch,  Vossius,  Melcher,  Ortmann,  Wesener,  Thin, 
and  others — by  the  introduction  of  large  bits  of  leprous  nodules  into  the 
subcutaneous  tissues,  the  peritoneum,  and  the  anterior  chamber  of  the  eye 
in  various  animals,  have  yielded  only  negative  results,  so  that  the  conclusion 
is  justified  that  leprosy  is  not  transmissible  to  the  lower  animals. 

Dr.  Arning  inoculated  in  November  1885  a  Hawaiian  man  named  Keanu 
with  leprosy,  and  the  disease  (typical  tubercular  leprosy)  subsequently 
developed.  But  Dr.  Sidney  Bourne  Swift,  resident  physician,  leper  settle- 
ment, Molokai,  Hawaiian  Isles,  states,  in  an  article  to  the  '  Occidental  Medical 
Times,'  April  1890,  that  this  man  Keanu  is  one  of  a  family  of  lepers  (Keanu's 
son,  sister's  son,  and  wife's  brother  are,  or  were,  lepers),  and  that  the  disease 
as  it  appeared  in  Keanu  was  too  rapid  to  have  been  the  result  of  the  inocula- 
tion by  Dr.  Arning  ('  Brit.  Med.  Journal,'  I.,  1890,  p.  917). 

Actinomycosis 

Bollinger  ^  was  the  first  who  showed  that  various  tumours  in  cattle,  lead- 
ing to  chronic  suppuration,  e.g.  in  the  jaw,  tongue,  pharynx  and  skin,  are 
one  and  the  same  disease,  due  to  a  parasite  which  he  constantly  found  present 
in  those  tumours  in  the  shape  of  yellow  granules.  These  granules,  when  ex- 
amined under  the  microscope,  appear  to  be  made  up  of  radially  arranged  fibres 
and  clubs,  which  Professor  Harz  designated  actinomyces,  or  ray  fungus  ;  and 
the  disease  it  causes  is  therefore  called  actinomycosis.    Israel  ^  next  observed  a 

'  Centralhl.  f.  d.  med.  Wiss.,  1877,  No.  27. 

'  Virchow's  ArcUv,  Band  LXXIV.,  1878. 
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disease  in  tlie  human  lung,  in  which  he  found  a  mycelial  fungus  that  was 
afterwards  identified  by  Ponfick  as  the  ray  fungus  seen  by  Bollinger  in  the 
tumours  of  cattle.  Ponfick  himself  published  several  cases  of  actinomycosis 
in  man.^  Since  these  observations,  the  reports  of  a  large  number  of  cases,  in 
cattle,  pigs,  and  man,  have  been  pubhshed,  in  which  tumours,  abscesses, 
and  suppurations,  &c.,  were  found  in  one  or  the  other  of  the  following 
organs  :  the  jaw,  skin,  tongue,  pharnyx,  larnyx,  lung,  intestine,  liver,  and 
brain,  and  proved  to  be  due  to  the  same  parasite— actinomyces. 

Pathology. — As  regards  the  pathology  of  the  nodules  produced  by  the  ray 
fungus,  these  belong  to  the  granulomata,  i.e.  they  are  in  the  first  place 
aggregations  of  round  cells  in  the  connective  tissue  ;  around  the  fungus  which 
forms  the  centre  of  the  new  growth  the  cells  constituting  the  infiltration 
are  ordinary  lymphoid  cells,  some  are  several  times  larger  than  the  rest,  and 
possess  several  nuclei ;  these  latter,  viz.  the  multi-nucleated  cells,  are  generally 
found  in  the  immediate  neighbourhood  of  the  fungus  ;  many  of  the  round 
cells  contain  coarse  granules,  which  gradually  change  into  fat  globules.  As 
the  central  fungus  mass  enlarges  by  active  growth,  so  the  nodule  enlarges  by 
the  infiltration  with  round  cells  spreading  into  the  surrounding  tissues. 
In  a  later  stage  the  central  portion  softens  and  becomes  purulent ;  an  abscess 
is  thus  formed  which,  opening  on  to  the  surface,  or  into  the  nearest  cavity, 
soon  discharges  copious  pus ;  when  the  abscess  opens  on  to  the  free  surface, 
e.g.  jaw,  skin,  pharynx,  larnyx,  lung,  or  intestine,  an  ulcer  is  established, 
which  enlarges  as  the  infiltration  in  the  periphery  proceeds.  In  the  discharge 
of  the  abscess  a  number  of  yellowish  minute  granules  can  be  found ;  these 
granules  looked  at  under  the  microscope  are  a  mass  of  the  ray  fungus. 

It  has  now  been  established  that  carious  teeth  in  some  cases  represent  the 
point  of  entrance  for  the  fungus ;  in  these  cases  the  alveolar  process  of  the 
jaw  becomes  the  place  for  the  growth  of  the  fungus,  leading  to  the  formation 
of  a  hard  tumour,  gradually  becoming  converted  into  an  abscess  and  ulcer ; 
the  infection,  i.e.  invasion  of  the  fungus,  then  spreads  to  the  lymph  glands  and 
skin  nearest  to  the  afi'ected  jaw,  and  there  produces  a  tumour,  then  suppuration 
and  an  ulcer.  Or  it  invades  the  tonsils  and  the  pharnyx,  either  primarily  or  after 
it  has  once  taken  root  in  the  jaw,  tongue,  or  cheek.  Or  it  appears  primarily 
in  the  larynx,  trachea,  and  lung  ;  and  in  these  cases  the  fungus  has  evidently 
been  introduced  by  the  air  during  inspiration  ;  in  the  case  of  the  lung, 
extensive  interstitial  inflammation  is  set  up,  leading  to  abscesses  perforating 
into  a  bronchus.  Or  it  primarily  invades  the  alimentary  canal  and  leads 
to  abscess  and  copious  suppuration  there,  and  even  to  perforation  of  the  part ; 
in  the  case  of  the  alimentary  canal  evidently  the  fungus  has  entered  with  the 
food.  From  the  alimentary  canal  the  disease  spreads  to  the  mesenteric 
glands  and  the  liver ;  and  in  this  latter  organ  it  produces  abscess,  which  may 
open  through  the  peritoneum  into  the  peritoneal  cavity,  or,  if  previously  an 
adhesion  with  the  abdominal  wall  has  been  established,  may  perforate  out- 
wards. In  all  these  instances  the  discharged  pus  contains  the  yellow  granules, 
i.e.  groups  of  the  ray  fungus.  In  the  case  of  the  skin  the  fate  of  the 
tumours  is  suppuration  and  formation  of  abscess,  and  this  opening  on  the 
surface  leads  to  the  formation  of  a  sore.  The  primary  infection  of  the  skin 
by  actinomyces  has  been  proved  (E.  Miiller,  'Mitth.  aus  d.  chirurg.  Klinik,' 
Tiibingen,  Band  III.,  3)  in  a  case  in  which  a  wood  splinter  in  the  skin  had 
evidently  been  the  means  of  providing  an  entrance  for  the  fungus.  Both  in 
man  and  cattle  these  various  ways  of  infection  with  actinomyces  have  been 
observed  in  many  cases. 

1  Bresl.  cirztl.  Zeitschrift,  I.,  p.  117.  Berl.  klin.  Woch.,  1879.  '  Die  Actinomykose.' 
Berlin,  1881. 
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Now  the  important  question  that  presents  itself  is  this,  Where  does  the 
fungus  generally  live  ?  The  various  ways  above  mentioned  in  which  it 
invades  the  organism,  at  once  suggest  that  it  has  its  usual  habitat  in  the 
outside  world,  i.e.  that  it  is  an  organism  which  is  introduced  into  the  animal 
body  from  without,  and  is  not  directly  derived  from  an  infected  animal  or 
man.  It  is  a  prevalent  opinion  that  the  natural  habitat  of  the  ray  fungus  is  on 
cerealia,  that  it  lives  on  these  parasitically,  and  through  and  from  these  enters 
the  animal  body  through  wounds,  abrasions,  &c.  Johne  ('  Centralbl.  f.  d.  med. 
Wiss.,'  1881,  No.  15)  has  shown  that  actinomyces  occurs  normally  in  the  pits 
and  the  loculi  in  the  tonsils  of  the  pig  ;  in  these  instances  there  were  always 
present  bits  of  ears  of  barley  covered  with  what  appeared  to  be  ray  fungus. 
Jensen  ('  Deutsche  Zeitschrift  f.  Thiermed.')  observed  an  epidemic  of  actinomy- 
cosis in  cattle  fed  on  barley ;  and  Piana  described  actinomyces  nodules  in  the 
tongue  of  cattle,  where  in  the  midst  of  some  of  the  nodules  there  were  present 
portions  of  vascular  fibre-tissue  of  corn  surrounded  by  ray  fungus.  Finally, 
Soltmann  ('  Breslauer  arztl.  Zeitschrift,'  1885,  No.  3)  made  the  remarkable 
observation  of  an  actinomyces  abscess  in  the  region  of  the  dorsal  vertebral 
column,  caused  by  the  perforation  (during  swallowing)  of  an  ear  of  barley  ; 
the  abscess  opened  and  the  ear  was  discharged.  Fischer  ('  Centralbl.  fiir 
Chirurgie,'  No.  22,  1890)  describes  a  similar  case  :  a  labourer  on  chewing 
barley  pierced  into  his  tongue  a  portion  of  the  awn.  Eight  days  after,  a 
swelling  appeared  on  the  punctured  spot,  and  a  fortnight  later  a  tumour  of  the 
size  of  a  filbert  could  be  distinctly  felt.  After  eighteen  days  an  incision  was 
made  into  the  tumour,  and  the  examination  of  the  scanty  pus  and  the  tissue  of 
the  tumour  revealed  the  presence  of  numerous  yellow  granules — actinomyces. 
A  fragment  of  the  awn  was  also  removed  from  the  interior  of  the  tumour,  and 
on  examining  it  under  the  microscope  was  found  covered  with  clumps  of 
actinomyces.  So  that  from  all  this  the  conclusion  appears  justified  that 
actinomyces  is  a  fungus  having  its  habitat  on  certain  cerealia,  and  with  and 
by  them  is  introduced  into  cattle  and  man. 

As  mentioned  above,  the  tumours  and  abscesses  occurring  in  one  or  the 
other  organ  contain  peculiar  minute  granules  and  clumps,  visible  to  the 
unaided  eye,  generally  of  a  yellowish,  but  occasionally  of  a  greenish -yellow 
tint.  Under  the  microscope  they  appear  made  up  of  a  central  mass  of  fine 
granules,  or  of  a  distinct  trellis  -work  of  fine  branched  threads ;  next  is  a 
zone  of  coarser  granules,  which  look  not  unlike  cocci ;  but  when  this  or 
the  central  zone  is  teased  out,  it  can  be  shown  that  the  granules  are  not 
really  granules,  but  in  reality  are  densely  aggregated  and  twisted  branched 
fine  fibres,  the  '  granules  '  being  only  due  to  optical  sections  of  the  fibres ;  at 
the  periphery  of  the  mass  are  glistening,  densely  and  radially  aggregated, 
flask-shaped  or  club-shaped  bodies  called  the  *  clubs  '  (fig.  117).  The  central 
mass  is  occasionally  found  in  a  state  of  calcification  :  this  is  not  seldom  the 
case  in  cattle. 

That  these  clubs  are  an  important  and  characteristic  feature  in  the 
morphology  of  the  fungus  is  shown  by  the  name  of  ray  fungus  and  by  the 
fact  that,  as  is  commonly  observed — at  any  rate  in  cattle  it  is  common — 
all  the  actinomycosis  nodules  and  abscesses  contain  one  or  more  central 
masses  of  these  radiating  aggregations  of  clubs.  But  also  in  the  human 
disease  the  clubs  are  with  few  exceptions  present,  though  there  are  cases 
described  in  which  the  fungus  was  said  to  have  been  represented  only  by  a 
dense  felt-work  of  branched  fine  threads.  The  first  question  that  offers  itself 
for  answer  is,  What  is  the  significance  of  these  different  morphological 
features,  and  what  is  the  life  history  of  the  fungus  ? 

In  sections  through  the  affected  tongue  of  cattle  we  find  numerous  round- 
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cell  granulomata  between  the  muscular  bundles  and  in  the  mucosa,  some 
quite  superficial  and  penetrating  from  the  papilla  into  the  surface  epithehum  ; 
in  all  of  these  there  are  one  or  more  groups  of  the  ray  fungus  ;  in  suitably 
stained  sections  (rubin,  2  per  cent,  watery  solution  for  several  hours,  then 
washed  in  water  and  stained  in  methyl-blue  aniline  water  for  fifteen  to  thirty 
minutes)  the  ray  fungus  group  appears  as  an  irregularly  spherical  mass  or  more 
commonly,  particularly  when  large,  as  a  lobed  mass,  composed  of  a  central 
faintly  stained  homogeneous,  or  only  faintly  granular  mass  ;  around  this  is  a 
zone  deeply  stained  in  blue,  and  owing  to  its  being  composed  of  densely  aggre- 
gated and  twisted  branched  threads,  it  looks  not  unlike  cocci.  The  peripheral 
part  is  made  up  of  conical,  or  cylindrical,  or  club-shaped  corpuscles  of  different 
lengths  and  thicknesses,  deeply  stained  pink,  closely  placed  side  by  side,  and  all 
radiating  by  longer  or  shorter  thin,  pink,  filamentous  stalks  from  the  next,  the 
blue  or  '  granular  '  zone  ;  each  of  the  'clubs  '  possesses  a  faintly  stained  homo- 
geneous sheath.  In  human  actinomycosis,  and  also  in  actinomycosis  of  cattle,, 
the  central  mass  is  sometimes  recognisable  as  a  dense  felt- work  of  fine  branched 
threads  ;  from  the  periphery  of  the  mass  longer  threads  project,  each  or  only 
some  of  them  possessing  a  terminal  enlargement  ;  in  other  cases  the  terminal 
club-shaped  enlargement  is  the  only  distinct  portion. 

Now,  some  observers  consider  the  clubs  as  indicating  an  involution  or  a 
degeneration-phase  of  the  threads,  and,  further,  the  above  granules  of  the 
second  zone  as  indicating  a  coccus  phase  of  the  threads,  and  for  this  reason 
consider  the  ray  fungus  as  belonging  to  the  species  of  cladothrix,  a  poly- 
morphous fungus,  in  which  the  threads  may  break  up  into,  or  develop  from 
cocci  and  shorter  or  longer  rods  or  baciUi.  Now,  we  are  opposed  to  this 
view,  for  we  constantly  find  in  actinomycosis  of  cattle  some  of  the  smaller,  i.e» 
younger  tumours,  contain  fine  clubs  in  isolated  examples  or  in  small  groups,, 
without  any  filamentous  or  granular  centre  ;  in  the  preparations  stained 
successfully  as  above  we  find  appearances  which  place  us  in  full  agreement 
with  Crookshank  ('  Transactions  of  the  Med.  CMr.  Soc.,'  1889)  :  single  clubs 
very  conspicuous  by  their  deep  red  staining  attached  to  a  short  single  or 
branched  stalk,  free  or  enclosed  within  a  nucleated  cell.  Further,  we  can  find^ 
free  or  enclosed  within  a  larger  mass  of  protoplasm,  a  small  homogeneous 
mass  from  which  are  budding  out  two,  three,  or  four  clubs  of  different  lengths 
and  with  very  short  stalks  ;  these  structures  being  stained  bright  pink  stand 
out  very  conspicuously  from  the  blue  ground. 

Further,  we  find  spherical  or  oval  globules  recognisable  by  their  deep  pink 
staining  becoming  constricted  off  from  the  free  end  of  the  clubs.  Putting 
these  features  together,  there  can  be  no  difficulty  in  recognising  a  striking 
likeness  between  the  ray  fungus  and  a  mycelial  fungus :  the  fine  branched 
threads  being  the  mycelium,  and  the  clubs  being  the  growing  ends  of  thehyphge, 
such  as  are  common  to  some  hyphomycetes  ;  these  clubs,  with  their  power  of 
sprouting  and  giving  off  conidia  (the  above  spherical  or  oval  globules),  would 
render  the  appearances  easUy  intelligible.  Further,  the  central  part  is  the  only 
part  which  in  any  way  can  be  said  to  represent  the  portion  which  is  actually 
degenerating,  since  it  often  contains  calcareous  deposits.  This  view  of  consider- 
ing the  clubs  as  the  sprouting  parts  and  conidia-bearing  ends,  and  the  threads 
as  analogous  to  the  mycehum  of  an  oidium-Hke  fungus  (Bollinger,  Israel  and 
Bujwid),  is  the  one  which  stands  better  in  harmony,  we  think,  with  the  actual 
facts  than  the  view  that  it  belongs  to  a  species  of  cladothrix  (Bostrom,. 
Paltauf,  Afannassiew  ^).  Israel  has  shown  that  the  ray  fungus  can  be 
artificially  cultivated,  but  Bostrom  was  the  first  who  succeeded  in  artificially 

1  Sauvagean  and  Eadais  (Annales  de  VInstitut  Pasteur,  vi.,  4,  p.  242,  April  1892)  con- 
sider actinomyces  as  a  mycelial  fungus,  Oospora  bovis. 
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producing  good  cultures  of  this  fungus.  On  blood  serum,  and  on  agar  at 
33-37°  C,  the  fungus  forms  whitish  granules,  which  rapidly  enlarge ;  they  show 
a  yellow  or  reddish,  round,  knobbed  centre,  from  which  start  fluffy  nebu- 
lous branched  masses ;  after  five  to  six  days  the  growth  has  reached  its 
height.  The  presence  under  the  microscope  of  the  branched  mycelial  threads 
and  of  the  clubs  was  estabhshed  in  these  cultures.  Paltauf  and  Afannassiew 
have  confirmed  these  observations.  As  a  rule,  however,  the  granules  in  the 
cultures  are  made  up  entirely  of  dense  felt-works  of  branched  threads  {see  fig. 
118). 

On  glycerine  agar  the  actinomyces  forms  a  film  composed  of  distinct 
yellowish-brown  round  granules ;  in  broth  it  also  forms  distinct  granules, 
varying  in  size  from  that  of  a  millet  seed  to  that  of  a  small  pea  ;  on  gelatine 
good  growth  can  be  obtained  at  20°  C,  in  the  form  of  a  whitish-yellow 
peUicle  made  up  of  granules ;  the  gelatine  is  liquefied,  but  remains  quite 
clear. 

An  important  fact,  established  by  Israel,  Bostrom,  Rotter  and  others,  is 
this,  that  the  ray  fungus  of  man  can  by  inoculation  produce  typical  actino- 
mycosis in  cattle,  and  there  is  therefore  the  greatest  probablity  that  the 
converse  also  holds  good. 

The  chronic  necrotic  disease  occurring  in  India,  and  known  as  the  madura 
disease,  or  the  fungus  disease,  has  been  shown  by  Kanthack  to  be  due  to, 
and  caused  by,  a  fiuigus  resembling  in  most  respects  actinomyces.  This  was 
found  to  be  the  case  in  the  yellow  or  pale  variety,  as  also  in  the  black  or 
melanoid  kind  (Pathological  Society  of  London,  January  19,  1892), 

Teachoma 

Another  form  of  chronic  round-cell  growth,  i.e.  granuloma,  is  the  trachoma 
conjunctivae  (also  called  Egyptian  ophthalmia)  :  it  is  a  chronic  diffuse  infil- 
tration of  the  conjunctiva  with  round  cells,  and  at  the  same  time  a  hyper- 
plastic enlargement  of  the  normal  lymph  follicles  of  the  conjunctiva.  The 
surface  of  the  conjunctiva,  besides  being  abnormally  injected,  has  instead  oi 
its  smooth,  a  finely  granular  character.  This  chronic  process,  the  trachoma, 
does  not  lead  to  suppuration,  but  the  infiltration  and  the  swelUng  of  the 
lymph  follicles  subside,  and  after  fatty  degeneration  and  absorption  of  the 
round  or  lymph  cells,  a  shrinking  and  cicatrisation  of  the  conjunctivae  take 
place.  Sattler  maintains  that  he  discovered  in  the  secretion  of  the  con- 
junctiva, and  in  the  swoUen  lymph  follicles,  a  coccus  which  he  cultivated 
in  gelatine,  and  which  he  compared  to  the  gonorrhoea  coccus.  (This  last 
microbe,  as  has  been  stated  on  a  former  page,  does  not  grow  on  gelatine.) 
He  also  maintains  that  he  produced  typical  trachoma  by  inoculation  of 
his  cultures  into  the  conjunctiva.  The  description  of  what  Sattler  caUs 
trachoma,  produced  by  inoculation  of  his  trachoma  coccus,  cannot  be 
accepted  as  showing  that  it  is  genuine  trachoma. 

Michel  described  ('  Archiv  f.  Augenheilkunde,'  XVI.,  1886),  and  grew  in 
artificial  cultures,  this  trachoma  coccus,  and  maintains  that  he  succeeded  by 
inoculation  in  producing  a  swelling  of  the  lymph  follicles. 

As  has  been  mentioned  on  a  former  page,  Koch,  and  also  Kartulis, 
have  definitely  settled  that  what  is  called  Egyptian  ophthalmia  is  one  of 
three  things  :  (a)  an  acute  blennorrhoea  identical  with  gonorrhoea  and  caused 
by  the  gonococcus  ;  {b)  an  acute  purulent  ophthalmia  caused  by  a  minute 
bacillus  to  a  certain  extent  similar  in  morphological  and  cultural  characters 
to  the  bacillus  of  Koch's  mouse  septicaemia  ;  or  (c)  the  chronic  granular 
ophthalmia  known  as  trachoma.     Kartulis  has  shown  that  either  of  the  first 
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two  diseases  becoming  chronic  leads  to  trachoma,  and  since  the  specific 
organisms  causing  the  first  two  diseases  only  exist  in  the  conjunctiva  during 
the  acute  stages,  it  follows  that  the  result  of  the  disease,  i.e.  the  granular 
chronic  stage,  the  trachoma,  is  not  directly  caused  by,  or  associated  with,  any 
organism  of  its  own.  This  view  of  Kartulis  seems  to  commend  itself  more 
than  that  of  Sattler  and  Michel.  Kartulis  failed  to  obtain  any  organisms 
from  the  tissue  of  the  swollen  lymph  follicles  in  trachoma.  And  we  ought 
to  add  that  Koch  also  failed  to  find  bacteria  of  any  kind  in  the  lymph 
follicles  in  trachoma. 


CHAPTER  XXVIII 

DISEASES  DUE   TO  FLAGELLATE  PBOTOZOA 

In  the  chapter  on  malarial  fever  mention  was  made  of  the  presence  of 
crescentic  or  spherical  flagellate  bodies,  Laveran's  corpuscles,  which,  however, 
occur  only  in  fever  of  irregular  type.  Many  species  of  similar  flagellate 
infusoria  are  known  to  inhabit  the  bodies  of  invertebrate  and  vertebrate 
animals  ;  of  these  the  group  known  as  Monadinae  are  in  so  far  of  interest  that 
some  of  them  have  been  found  in  vertebrates  in  connection  with  disease.  The 
genus  Trichomonas  ^  has  been  found  by  Pfeiffer  in  the  oral  and  pharyngeal 
mucus  of  pigeons  affected  with  the  chronic  necrotic  thickening  of  the  mucous 
membrane,  called  also  '  diphtheria,'  ^  the  genus  which  this  observer  considers 
to  be  connected  with  the  cause  of  the  disease.  But  Lofiler  {see  the  chapter  on 
Diphtheria)  has  shown  that  the  disease  in  the  pigeon  is  due  to  a  specific 
bacillus,  and  in  this  he  is  fully  confirmed  by  Babes.^  Pfeiffer  in  the  mono- 
graph just  quoted  still  maintams  his  original  assertion,  that  the  disease  is 
due  to  trichomonas  invading  and  ultimately  destroying  the  epithelial  cells. 
Pfeiffer,  however,  differs,  as  regards  the  life  history  of  this  protozoon,  from 
all  other  observers  and  writers  on  protozoa  (Leuckart,  Biitsclili,  Dallinger 
and  Drysdale),  inasmuch  as  he  describes  the  formation  of  spores  within  the 
substance  of  the  trichomonas.^  It  ought  also  to  be  mentioned  that  a 
seemingly  identical  trichomonas  is  frequently  found  in  the  pharyngeal  mucus 
of  perfectly  normal  pigeons.  The  writer  has  had  the  opportunity  of  ex- 
amining a  case  of  this  so-called  diphtheria  in  the  pigeon,  and  he  found  the 
presence  of  the  parasite  in  the  pharyngeal  mucus,  but  comparing  with  it  a 
perfectly  healthy  pigeon,  the  same  trichomonas  was  also  found  abundantly 
in  the  pharyngeal  mucus.  Davaine  ^  mentions  the  genus  Circomonas, 
much  smaller  than  Trichomonas,  a  minute  club-shaped,  ciliated  protozoon, 
possessed  of  no  envelope,  having  a  pointed  prolongation  at  one  end,  and  a 
long  fine  flagellum  at  the  other  (Circomonas  intestinalis  hominis),  as  occur- 
ring in  the  stools  of  cases  of  acute  Asiatic  cholera  ;  and  once  he  also  found 
them  in  the  stools  of  a  patient  in  typhoid  fever.  Lambl  as  long  ago  as 
1859  described  them  as  occurring  in  the  stools  of  children  in  diarrhoea,  and 
Losch  found  them  also  in  the  stools  in  cases  of  dysentery.  The  writer  has 
had  the  opportunity  of  finding  in  a  dead  mouse  the  peritoneal  cavity  and 
almost  the  whole  of  the  intestine  distended  by,  and  filled  with,  a  grumous 

'  Leuckart,  Die  Parasiten,  des  Menschen,  2nd  edition,  p.  311. 

^  L.  Pfeiffer,  Die  Protozoen  als  Krankheitserreger,  1890  (Jena),  p.  85. 

^  Zeitschr.  f.  Hygiene,  Band  X. 

■*  Loc.  cit.,  p.  85,  fig.  26. 

'  TraiU  des  Entozoaires,  p.  xxiii. 
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milky  fluid,  in  which,  besides  leucocytes  and  micrococci,  there  were  present 
trichomonas  and  innumerable  circomonas  ;  in  fact,  the  main  part  of  the 
corpuscular  elements  was  made  up  of  circomonas,  many  of  them  moving  very 
rapidly. 

A  species  of  flagellate  monadinaB  was  first  described  by  T.  Lewis  ^ 
in  1878  as  occurring  in  the  blood  of  normal  horses,  dogs,  and  rats  ;  by 
Evans  in  1880  as  occurring  in  the  blood  of  horses  in  Madrid ;  by  Wittich 
and  E.  Koch  in  1881  as  occurring  in  the  blood  of  normal  badgers.  These 
protozoa  are  known  as  the  Herpetomonas  Lewisii :  the  body  is  cylindrical, 
and  often  spiral,  the  flagellum  extends  as  a  delicate  membrane  all  along  the 
body  of  the  creature,  anteriorly  the  body  terminates  as  a  pointed  rigid 
process.  A  haematozoon  which,  according  to  Lewis  and  Crookshank,^  is 
identical  with  that  occurring  in  the  healthy  rat  was  discovered  by  Evans, 
but  first  assumed  to  be  a  spirillum,  and  considered  by  this  observer  as 
the  cause  of  the  surra  disease,  a  deadly  malady  affectmg  in  India  horses, 
mules,  and  camels  in  an  epidemic  form.  T.  Lewis  and  afterwards 
Crookshank  ^  gave  good  photographs  of  them :  the  former  believes  them  to 
belong  to  the  genus  Trichomonas. 


CHAPTEE  XXIX 

DISEASES  ASSOCIATED   WITH  COCGIDIA 

The  class  of  protozoa  known  as  sporozoa — unicellular  parasites  of  fixed 
form  of  body,  surrounded  by  a  capsule,  forming  within  their  body  a  number 
of  spores,  each  surrounded  by  a  cuticle,  the  spores  becoming  free  after  the 
bursting  of  the  capsule,  and  giving  rise  to  a  new  parasite — comprises  a  group 
which  is  important  to  the  pathologist,  viz.  oval  coccidia  or  psorospermia. 
These  are  capsulated,  uninuclear,  oval,  protoplasmic  corpuscles,  in  the  interior 
of  which  a  number  of  spores  are  developed  out  of  the  protoplasm  ;  many  of 
these  coccidia  are  endo- epithelial  parasites,  and  as  such  are  the  causes  of  a 
chronic  hypertrophy  of  the  epithelium.  The  coccidium  best  studied  is  the 
Coccidium  oviforme,  causing  in  the  liver  of  the  rabbit  a  chronic  disease  of 
the  epithelium  of  the  bile  ducts,  by  which  the  bile  ducts  become  greatly 
distended,  their  epithelium  much  hypertrophied,  and  their  coats  thickened  ; 
in  consequence  of  this,  whitish-grey  nodules,  composed  entirely  of  the 
hypertrophied  folded  and  fringed  wall  of  the  bile  ducts,  appear  in  the 
liver. 

The  columnar  epithelial  cells  lining  those  hypertrophied  bile  ducts  which 
harbour  the  coccidia  are,  in  fact,  the  soil  at  the  expense  of  which  the  coccidia 
grow  and  ripen  ;  these  latter  in  their  turn,  and  for  their  own  purpose,  causing 
a  continuous  multiplication  of  the  epithelial  cells.  Coccidium  oviforme  occurs 
also  in  the  epithelial  cells  Uning  the  mucous  membrane  of  the  intestine  in  the 
rabbit.  The  coccidia  are  oval  corpuscles  about  33-37  fj.  in  length,  and  15-20  ^ 
broad ;  each  possesses  a  distinct  capsule  or  cuticle,  which  at  one  (thinner) 
pole  contains  a  minute  opening  or  micropyle.  The  body  of  the  parasite  is 
a  granular  protoplasm,  in  its  fully  formed  state  completely  filling  the  space 
within  the  capsule,  and  containing  a  clear  oval  nucleus.     In  this  condition 

'  Physiological  and  PatJiological  Res  xrches,  collected  papers  of  T.  E.  Lewis,  1888, 
pp.  604  and  630,  Plate  XLIII. 

^  Journal  of  the  Boyal  Microsc.  Society,  November  10,  1886.  ^  Loc.  cit. 
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they  are  numerously  found  in  the  epithelium,  and  also  free  in  the  cavity  of 
the  intestine  and  the  hypertrophied bile  ducts  respectively;  but  the  majority 
of  forms  seen  in  the  epithehum  are  almost  spherical,  less  oval  than  the  above, 
and  possessing  a  thinner  capsule  ;  in  some  the  capsule  is  hardly  recognis- 
able, they  contain  a  more  coarsely  granular  protoplasm,  and  within  it  a  clear, 
spherical  nucleus.  These  are  found  in  great  numbers  in  the  epithelium,  re- 
placing at  points  almost  completely  the  epitheHal  cells,  some  being  distinctly 
seen  within  the  body  of  the  epithehal  cells. 

It  is  not  at  all  easy  to  decide  what  is  the  exact  relationship  between  these 
smaller,  granular,  indistinctly  capsulated,  spherical  bodies  and  the  larger, 
granular,  oval,  distinctly  capsulated  coccidia.  According  to  Leuckart,^  the 
former  would  represent  young  coccidia  just  germinated  from  the  spores  ;  but 
this  can  hardly  be  correct,  considering  that  in  all  nodules,  particularly  the 
large  ones,  the  small  spherical,  indistinctly  capsulated  coccidia  abound,  and, 
further,  considering  that  spores  are  not  formed  in  the  coccidia  within  the 
animal  body.  It  is  therefore  more  probable  that  the  small  spherical 
coccidia  are  derived  by  division  from  the  large  oval  forms,  and  in  their  turn, 
on  their  ripening,  grow  into  these  latter. 

It  can  be  shown  that  the  coccidia  first  appear  in  the  epithehum  of  the 
intestine,  and  thence  find  their  way  into  the  epithelium  of  the  hepatic 
duct,  and  gradually  into  the  bile  ducts  within  the  liver.  Here  their  multi- 
plication produces  saccular,  tubular,  and  cystic  enlargements  of  the  inter- 
lobular bile  ducts,  the  wall  of  which  becomes  thickened  by  connective  tissue, 
and  folded  in  many  ways.  In  this  manner  there  are  formed  in  the  hver 
numerous  whitish  irregularly  shaped,  firm  nodules  and  cysts,  which,  when 
cut  into,  show  a  cavity  with  the  thick  white  wall  folded  inwards.  Under 
the  microscope  the  folds  are  made  up  of  vascular  connective  tissue  and 
covered  on  the  internal  or  free  surface  with  columnar  epithehum,  amongst 
the  ceUs  of  which  numerous  coccidia  in  various  stages  of  development  are 
seen,  some  of  them  well  buried  amongst  the  epithehal  cells,  others  adhering 
to  the  free  surface,  and  others  again  free  in  the  cavity  of  the  cysts  and  nodules. 
As  the  disease  progresses,  and  larger  sections  of  the  hver  tissue  constantly 
become  involved,  necrosis  and  degeneration  by  pressure  of  many  hver  lobules 
take  place,  leading  ultimately  to  the  death  of  the  animal.  "When  the 
coccidia  pass  out  of  the  animal  they  midergo  changes  which  lead  to  the 
division  into  two  of  the  plasmatic  contents  within  the  capsule  ;  then,  again, 
of  each  of  these  into  two,  so  that  now  each  coccidium  capsule  includes 
four  spherical  granular  corpuscles,  each  containing  a  spherical  nucleus  ; 
then  these  corpuscles  become  oval  and  surrounded  with  a  thin  membrane 
{see  Plate  XLI.,  fig.  97),  thus  representing  now  the  spores  or  psorospermia. 
"When  these  find  access,  again,  through  water  or  food  to  the  alimentary  canal 
of  the  animal,  the  capsule  probably  becoming  dissolved  in  the  stomach,  the 
spores  are  set  free,  and  then  commence  germmating  into  granular,  spherical, 
nucleated  corpuscles,  which,  while  enlarging,  surround  themselves  with  a 
cuticle  or  capsule  with  micropyle,  and  thus  form  the  typical  oval  coccidium. 
The  researches  of  Virchow,  Kauifmann,  Waldenburg,  Lieberkiihn,  Stieda, 
and  last,  but  not  least,  of  Leuckart,  have  thro"wn  a  good  deal  of  light  on 
the  life  history  of  these  parasites.  Leuckart  in  his  work  '  Die  Parasiten 
des  Menschen,'  2nd  edition,  I.,  1,  gives  an  exhaustive  account  of  them. 
The  figure  97,  a-g,  reproduced  on  Plate  XLI.  is  copied  from  that  work. 
In  the  human  subject  nodules  of  the  hver  have  been  observed  which  were 
also  caused  by  coccidia,  probably  Coccidium   oviforme.     Gubler,  Leuckart, 

'  Die  Parasiten  des  Menschen,  2nd  edition,  I.,  1,  p.  264, 
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Dressier  and  Perls  ^  have  observed  such  cases.  Amongst  other  animals,  the 
Ooccidium  oviforme  has  been  found  in  the  intestines  of  the  dog,  cat,  sheep,  and 
guineapig.  Leuckart  states  that  the  intestinal  coccidium  of  the  mouse  and 
of  poultry  belongs  to  a  different  species.  The  writer  has  seen  coccidia  in  the 
vessels  of  the  medulla  of  the  kidney  both  of  the  guineapig  and  of  the  mouse. 

Miescher's  Coccidia  Tubes.— It  is  not  at  all  rare  to  find  in  the  muscles  of  the  mouse, 
wild  as  well  as  tame,  white  streaks  visible  to  the  unaided  eye  as  fine  white  lines  between 
the  muscle  bundles  of  the  pectoral  muscles  and  of  those  of  the  anterior  as  weU  as  posterior 
abdominal  wall.  On  examining  these  lines  under  the  microscope  with  a  low  power  it  is 
seen  that  they  are  composed  of  tubular  granular  opaque  masses,  placed  either  within  the 
muscular  fibres  or,  as  is  more  common,  in  the  interstices  between  the  muscle  fibres.  These 
tubes  vary  greatly  in  length,  some  being  several  millimetres  long,  and  when  between 
muscular  fibres  often  form  continuous  chains  for  considerable  distances  :  the  shorter 
tubes  measure  0"7-l  mm.  in  length.  The  thickness  of  the  tubes  is  a  little  more  than 
twice  that  of  the  muscular  fibres.  They  all  are  tapering  towards  their  extremities. 
With  a  high  power,  a  capsule  surrounding  the  dark  contents  of  the  tubes  can  be  dis- 
tinguished. These  contents  are  composed  of  pale  corpuscles,  crescentic,  kidney- shaped, 
or,  more  correctly  speaking,  looking  Uke  thick  commas,  rounded  and  shghtly  attenuated 
at  the  ends ;  in  some  of  them  a  vacuole  can  be  seen  at  each  end.  These  crescentic 
corpuscles  measure  about  0"01  mm.,  and  are  considered  to  be  the  spores.  Although  at 
first  sight  they  appear  densely  packed  within  the  tubes,  on  careful  examination  they  are 
seen  to  be  grouped  into  spherical  masses,  each  surrounded  by  a  thin  capsule.  On  teasing 
out  a  part  of  the  fresh  muscular  tissue,  many  of  the  tubes  become  broken,  and  innumerable 
isolated  crescentic  spores  are  hereby  obtained.  No  movement  is  possessed  by  the  tubes 
or  the  individual  spores.  That  the  presence  of  numerous  tubes  in  the  thoracic  muscles 
must  be  a  serious  condition  with  respect  to  the  respiratory  action  of  the  chest  can  hardly 
be  doubted  (Dammann,  Leisering,  v.  Niederhausen,  and  others).  The  writer  has  several 
times  had  the  opportunity  of  dissecting  mice  that  had  died  spontaneously,  and  in  which  no 
disease  of  the  viscera  could  be  discovered  ;  but  the  thoracic  muscles  and  the  muscles  of 
the  abdominal  walls  contained  the  white  lines  (Miescher's  tubes)  in  enormous  numbers. 
Leuckart  does  not  feel  satisfied  that  these  parasites  are  real  psorospermia.  Fowls  sometimes 
■contain  the  same  tubes,  but  they  have  not  yet  been  discovered  in  the  human  subject. 

L.  Pfeiffer  ('Die  Protozoen  als  Krankheitserreger,'  Jena,  1890)  describes 
the  presence  of  coccidia  in  the  epithelium  in  variola,  vaccinia,  varicella, 
herpes  zoster,  and  other  vesicular  eruptions.  From  his  description  and  the 
illustrations  given  by  him  (figs.  28-34,  pp.  88-97)  he  has  no  doubt  that  they 
occur  in  the  substance  of  the  epithelial  cells  ;  that  here  they  (the  coccidia)  mul- 
tiply by  division,  and  form  the  spores  in  their  interior.  It  can  be  easily  shown 
that  certain  peculiar  bodies  do  occur  in  the  epithelial  cells  in  these  affections, 
which  bodies  are  not  the  typical  ordinary  nuclei,  but  they  can  be  brought 
■out  by  various  dyes,  and  thereby  can  be  differentiated  both  from  the  cell- 
protoplasm  as  also  from  the  ordinary  cell  nucleus.  In  sections  through  the 
vesicles  of  sheep-pox,  as  also  of  human  small-pox,  stained  first  with  rubin  and 
then  with  methyl  blue,  many  of  the  epithelial  cells  in  the  region  of  the  vesicle 
contain  each  an  oval  or  spherical  homogeneous  body,  which  by  its  pink  colour 
is  well  marked  off  both  from  the  cell  protoplasm  and  the  swollen  and  hydropic 
cell  nucleus,  both  these  being  stained  blue ;  but  it  is  extremely  difficult — 
and  it  seems  premature  and  improbable — to  identify  them  as  of  the  nature 
of  extraneous  parasites,  viz.  coccidia  :  on  the  contrary,  these  bodies  look 
extremely  like  derivatives  of  the  cell  nucleus  {see  below). 

It  is  different,  however,  in  the  chronic  disease  known  as  epithelioma 
contagiosum  of  fowls.  This  consists  in  the  formation  of  firm  tumours  in  the 
mucous  membrane  of  the  throat,  and  also  in  the  skin.  Sections  through  the 
tumour  show  the  papillaB  much  enlarged  and  vascular ;  they  and  the  corium 
are  infiltrated  with  round  cells,  and  the  epithelium  is  much  hypertrophied. 

'  See  Leuckart,  Zoc.  cii.,  p.  281. 
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Pfeifferi  describes  the  presence  of  oval  coccidia  in  the  epithelial  cells  of  the 
tumour.  The  writer  has  had  occasion  to  examine  sections  through  the 
tumours  of  the  skin  of  a  fowl  affected  with  this  disease,  and  he  can  fully 
confirm  Pfeiffer  as  to  the  presence  of  the  oval  parasites  ia  the  epithelial 
cells,  in  some  parts  every  epithehal  cell  contauiing,  and  almost  being  replaced 
by,  a  parasite,  the  latter  being  easily  brought  out  by  staining  the  sections  first 
in  fuchsin  and  then  in  methyl  blue. 

Cancer 

Assertions  similar  to  these,  i.e.  as  to  the  presence  of  coccidia,  and  wbich 
are  of  the  utmost  importance  ia  etiological  and  clinical  respects,  have  been 
also  made  with  regard  to  cancer,  viz.  that  this  disease  is  due  to  the  presence 
and  growth  of  coccidia  in  the  epithehum ;  just  as  hi  the  above-named 
nodules  in  the  liver  of  the  rabbit  and  in  the  epithelioma  contagiosum,  the 
invasion  of  the  epithelium  or  connective  tissue  cells— according  to  the  nature 
of  the  cancer — by  coccidia  causes  a  hypertrophy  of  the  tissue,  causes,  in 
fact,  the  tumour,  i.e.  epithelial  carcinoma  or  sarcoma.  This  hypertrophy 
serves  the  purpose  of  supplying  the  parasite  with  the  host  necessary  for  its 
growth  and  multiplication.  If  this  view  be  correct,  cancer  would  have  to 
be  placed  amongst  the  infectious  or  communicable  diseases.  That  cancer 
is  probably  of  this  nature  is  mdicated  already  to  a  certain  extent  by  the 
following  well-estabhshed  facts  : — (1)  Heredity.  That  cancer  is  hereditary 
needs  no  further  comment,  and  like  other  hereditary  diseases  is  probably  of 
the  nature  of  infectious  disorders.  The  theory  that  if  a  disease  is  inherited 
this  is  due  to  the  transmission  from  parent  to  the  offspring  of  the  materies 
morbi,  is  the  most  ready  explanation.  (2)  The  well-known  fact  that  cancer 
is  transmitted  in  the  affected  individual  from  a  primary  focus  to  different 
organs,  thus  forming  metastatic  foci.  (3)  The  positive  experiments,  made 
within  recent  years,  of  successful  grafting  of  cancerous  particles  from  a 
prhnary  focus  to  distant  parts  of  the  skin  of  the  same  individual,  by  which 
in  the  latter  new  cancerous  tissue  became  developed. 

But  against  these  facts  must  be  placed  the  uniform  negative  results  of 
producing  by  inoculation  or  grafting  with  fresh  cancer  material  anything  like 
cancer  in  animals  otherwise  subject  to  cancer  (dogs).  [See  the  carefully 
conducted  numerous  experiments  by  Ballance,  Shattock,  and  many  other 
experimenters.)  Cancer  in  the  mammary  gland  of  bitches  is  not  of  rare 
occurrence  ;  it  completely  coincides  with  epithelial  cancer  in  the  human 
subject,  yet  all  inoculations  and  experiments  of  grafting  of  such  cancer 
material  on  to  healthy  dogs  have  hitherto  failed.  But  such  negative  results 
are  only  of  relative  value,  since  the  conditions  under  which  an  individual 
becomes  susceptible  to  cancer  are  not  known,  and  therefore  one  of  the 
essentials  of  a  successful  experiment  is  absent. 

There  exists  at  present  a  large  amount  of  Hterature  on  the  occurrence  of 
coccidia  in  the  epithehal  cells  constituting  cancer  ;  by  various  methods  of 
staining,  special  bodies,  oval  and  spherical,  some  containing  what  look  like 
numbers  of  spores,  have  been  described  by  various  observers.  They  were 
noticed  inPaget's  '  Disease  of  the  Nipple  of  the  Breast,'  and  in  other  cancers. 
(Barrier,  Albarran,  Wickham,  Thoma,  Sjobring.  For  the  literature  see 
Sjobringin  *  Fortschritte  der  Medicin,'  VIII.,  No.  14,  1890).  Kussell,  and 
particularly  Podwyssozki,  Jun.,  and  Sawtschenko  ('  Centralbl.  f.  Bakter.  und 
Parasit.,'  XI.,  Nos.  16-18)  give  a  very  good  account  of  these  bodies,  the  latter 
also  describing  spores  in  them.     According  to  these  authors  the  presence  of 

'  hoc.  cit.,  p.  81,  fig.  24. 
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these  assumed  coccidia  produces  the  epithehal  multipHcation  for  the  object 
of  supplying  the  parasite  with  a  sufficient  host. 

There  can  be  no  question  as  to  the  facts  described  ;  the  only  question  is  as 
to  whether  the  interpretation  given  by  these  observers,  in  regard  to  these 
bodies  being  coccidia  and  spores,  is  the  correct  one.  The  interpretation  as 
to  these  bodies  being  parasitic  in  nature  is  perhaps  not  quite  unjustifiable  ;  but 
until  their  life  history  is  better  known,  and  until  they  have  actually  been 
seen  in  a  living  and  growing  state,  i.e.  in  culture,  and  until  the  assumed 
spores  have  been  seen  to  be  capable  of  germination,  it  is  advisable  to  be  very 
cautious,  without,  however,  denying  the  possibility  that  those  bodies  are 
really  what  they  are  said  to  be,  viz.  coccidia  or  something  similar.  In 
connection  with  this  it  might,  however,  be  mentioned  that  bodies  similar  to 
these  assumed  coccidia  are  known  to  occur  in  the  substance  of  epithelial  and 
other  cells  under  normal  and  various  pathological  conditions.  Thus,  Griitzner 
noticed  in  certain  phases  of  activity  of  certain  glandular  epithelial  cells,  the 
presence  in  the  cell  protoplasm,  besides  the  typical  nucleus,  of  a  secondary 
nucleus-like  body,  probably  corresponding  to  Balbiani's  paranucleus.  Other 
observers,  again,  have  described  in  various  pathological  processes  of  epithe- 
lium in  the  protoplasm  of  the  cells  peculiar  masses,  spherical  and  oval, 
looking  and  staining  differently  from  the  main  protoplasm.  The  caution 
enjoined  by  such  experienced  histologists  as  Klebs  and  Eberth'  should  be 
carefully  considered  by  all  less-experienced  histologists  before  emphatically 
asserting  (as  is  done  by  some)  the  parasitic  nature  of  those  bodies.  What 
remarkable  changes  do  occur  in  nuclei  and  cells,  leading  to  the  presence  in 
the  cell  protoplasm  of  peculiar  bodies,  differentiated  by  complicated  methods 
of  staining,  is  well  illustrated  in  a  paper  by  Dr.  Martin  Heidenhain.-  In 
Heidenhain's  memoir  in  Plate  X.,  bodies  are  shown  in  the  cell  protoplasm  of 
leucocytes,  brought  out  by  special  methods  of  staining,  which  are  derived  from 
the  original  cell  nucleus  ;  and,  further,  in  Plate  XI.,  the  presence  of  numbers 
of  peculiar  corpuscles,  which  bear  a  striking  resemblance  to  what  the  above 
writers  on  cancer  consider  as  spores  in  the  epithelial  cells  of  cancer,  is 
differentiated  in  the  cell  protoplasm  ;  yet  there  can  be  no  question  that  in 
Heidenhain's  observations  the  bodies  described  and  figured  by  him  have 
nothing  whatever  to  do  with  any  intracellular  parasites. 


CHAPTEE   XXX 

BLAST OMYCETES,   OB   TOBULA 

These  organisms  are  of  interest  to  the  pathologist  in  two  ways  :  (a)  by  their 
being  constantly  present  in  air,  and  consequently  occurring  on  the  skin  and 
the  surface  of  the  mucous  membranes  in  contact  or  in  communication  with 
the  air ;  and  (b)  by  a  species  of  torula  being  connected  with  a  well-defined 
disease,  to  wit,  thrush  in  infants. 

Torula  is  capable  of  producing  alcohol  when  growing  in  substances 
containing  glucose.  By  torula  is  understood  an  oval  microbe  varying  in 
length  between  2  or  3  /u  to  5  or  6  /x,  consistmg  of  a  membrane  and  proto- 
plasmic contents,  including  one  or  two  vacuoles.  Torulas  multiply  not 
by  fission  but  by  gemmation,  as  shown  in  Plate  XLI.,  fig.  98.     They  are 

»  Fortschritte  d.  Med.,  VIII.,  No.  17. 

^  Ueber  Kern-  und  Zellprotoplasma,  Leipzig,  1892 
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capable  of  forming  endocellular  spores — ascospores  (Eees).  A  large  mimber 
of  different  species  of  torulas  are  known  and  have  been  carefully  studied  and 
cultivated  by  Hansen  {see  his  various  memoirs  in  the '  Berichte  des  Karlsberg 
Laboratorium  '),  and  their  ability  to  produce  alcohol  from  glucose  under 
various  conditions  of  growth  minutely  studied  by  him. 

Different  species  of  torula  are  constantly  to  be  found  in  the  air,  soil, 
drinking  water,  and  in  river  and  pond  water ;  a  plate  of  sterile  gelatine,  after 
the  setting  of  the  gelatine,  exposed  to  air  or  infected  with  a  drop  of  water, 
covered  up  again,  and  then  incubated,  not  infrequently  reveals  the  pre- 
sence of  colonies  of  torula,  besides  the  usual  colonies  of  moulds  and  bacteria. 
Amongst  these  torulas  some  species  are  characterised  by  their  growth  being 
coloured  pink ;  at  least  two  species  of  such  pink  torulas  can  be  obtained  from 
London  air — one  species  which  liquefies  gelatine  and  one  species  which 
does  not  liquefy  it.  In  the  fluid  of  the  mouth  and  pharynx,  torulas  are 
normally  present ;  in  the  contents  of  the  large  intestine,  they  are  normally 
present.  In  a  case  of  diabetes  from  which  Dr.  Bedford  Pierce  pro- 
cured urine  drawn  from  the  bladder,  the  freshly  drawn  acid  urine  was 
found  uniformly  turbid,  owing  to  the  presence  of  torulas ;  in  fact,  the 
urine  contained  a  pure  culture  of  torula,  as  was  shown  by  plate  and  tube 
cultivations.  This  torula  grew  well  in  acid  grape-sugar  gelatine,  and 
changed  the  sugar  into  alcohol ;  on  ordinary  alkahne  nutrient  gelatine 
(beef  broth,  peptone  gelatine)  it  grew  but  slowly  and  not  copiously,  forming 
a  whitish,  grey,  moist-looking  growth.  Pathological  products  of  the  skin  and 
mucous  membranes,  i.e.  those  exposed  to  the  air,  contain  torula ;  thus,  for 
instance,  vaccine  lymph  from  the  calf  sometimes  contains  a  few  torula  cells. 

The  torula  species  connected  with  alcohoHc  fermentation  grows  well  on 
acid  sugar  gelatine,  forming  white  round  colonies  in  gelatine. 

A  definite  species  of  torula,  Saccharomyces  mycoderma,  is  capable  of 
forming  acetic  acid  in  wine,  beer,  and  in  fermenting  cabbage  (Sauerkraut). 
During  its  growth  it  forms  a  scum  or  pelhcle  on  the  surface,  being  dependent 
on  the  oxygen  of  the  air.  Its  cells  are  oval,  6  //  long,  2-3  jx  broad  ;  when 
growing  in  fluids  it  forms  spores,  just  hke  other  torula  species,  the  cells 
enlarging  and  containing,  i.e.  forming  in  its  interior,  the  spores — ascospores 
(Eees). 

When  growing  in  fluids  containing  alcohol  it  oxidises  the  alcohol  into 
acetic  acid,  and  thus  in  its  chemical  action  is  analogous  to  the  bacterium 
mentioned  in  a  former  chapter  as  bacterium  aceti.  Cienkowsky  first  showed 
that  in  acid  nutritive  fluids  the  cells  elongate,  and  by  gemmation  produce  new 
cells,  which  elongate  and  remain  joined  to  the  mother  cell,  and  by  the 
repetition  of  this  process  form  threads  composed  of  oval  or  cylindrical  cells, 
the  older  the  more  elongated.  In  this  way  septate  threads  are  formed,  which, 
just  hke  a  mycelium  of  a  true  fungus,  form  branches.  A  torula,  morpho- 
logically identical  with  this,  is  the  species  known  as  oidium  albicans,  and  as 
being  the  active  cause  of  thrush  (Plate  XL.,  fig.  100).  Grawitz,^  who 
worked  this  out  satisfactorily,  has  traced  it  through  all  phases  of  growth,  and 
has  also  shown  that,  like  other  saccharomyces,  it  forms  ascospores.  It  grows 
well  on  nutritive  gelatine,  and  in  streak  cultivation  forms  a  greyish-white 
fluffy  growth,  in  which  the  formation  of  threads  is  actively  going  on. 

'  Virchow's  Archiv,  Band  LXX. 
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CHAPTEE  XXXI 

MOULDS,   OB  MYCELIAL  FUNGI 

This  group  comprises  microbes  which  consist  of  cells  multiplying  by  fission, 
and  which  by  continued  linear  and  lateral  multiphcation,  and  by  elonga- 
tion, form  branched  mycelial  threads ;  each  of  these  is  composed  of  cylin- 
drical cells.  The  ripe  cells  consist  of  a  cellulose  sheath,  and  within  is  a 
homogeneous  substance,  or  rather  the  remains  of  a  faintly  granular  pro- 
toplasm, filled  with  or  replaced  by  clear  vacuoles.  The  cells  are  separated 
from  one  another  by  a  transverse  septum  of  cellulose.  The  young  and 
growing  threads,  both  terminal  and  lateral,  do  not  show  septa,  but  have  their 
sheaths  fiUed  with  a  uniform  slightly  granular  protoplasm  not  segmented 
into  separate  cells  ;  the  ends  of  such  threads  are  rounded. 

In  some  species  the  terminal  threads  by  a  process  of  simple  fission  of 
their  protoplasm  produce  oblong  or  spherical  cells,  which  ultimately  become 
altogether  separated  from  one  another  and  free ;  these  cells  are  the  conidia  or 
spores.  Such  species  are  spoken  of  as  oidium,  of  which  there  are  known 
several,  e.g.  oidium  lactis,  oidium  of  favus  (Achorion  Schonleinii),  oidium 
of  ringworm  (Trichophyton  tonsurans),  and  of  pityriasis  versicolor  (Micro- 
sporon  furfur).  In  these  species  no  other  mode  of  the  formation  of  spores 
has  yet  been  ascertained.  The  spores  by  germination  elongate,  and  by  con- 
tinued growth  and  subsequent  division  and  septation  give  rise  to  the  branched 
mycehum  composed  of  cylindrical  cells. 

But  there  exist  fungi,  like  Aspergillus,  Mucor,  and  PeniciUium,  which, 
while  growing  under  suitable  conditions,  particularly  when  growing  on  a 
surface  exposed  to  free  air,  show  a  more  complex  mode  of  spore  formation  ;  but 
which,  when  growing  in  a  fluid  medium  and  not  exposed  to  free  air,  behave 
like  an  oidium,  that  is  to  say,  they  form  spores  by  simple  fission  of  the 
protoplasm  of  the  terminal  portions  of  the  mycelial  threads. 

Oidium  lactis  forms  on  milk,  bread,  paste,  potato,  gelatine,  &c.,  a  whitish 
filamentous  growth  ;  its  spores  are  spherical  or  oval,  measuring  7-10  /*  (Plate 
XL.,  fig.  99). 

The  oidium  of  favus,  and  that  of  herpes,  of  ringworm,  and  of  pityriasis 
versicolor  behave  in  morphological  and  cultural  characters  very  much  like 
the  oidium  lactis.^  Just  as  in  this,  the  spores  are  spherical  or  oval,  7-10  ^ 
in  length,  and  when  germinating,  elongate,  and  by  repeated  division  form 
branched  septate  mycelial  threads  ;  the  terminals  of  these  form  chains  or 
clusters  of  spores.  On  agar  and  on  gelatine  the  growth  has  a  white  colour, 
and  appears  fluffy  (Plate  XLI.,  fig.  101). 

In  ringworm,  one  of  the  loose  hairs  examined  in  hquor  potassse  shows 
the  spores  ia  multitudes  on  the  surface  of  the  hair,  and  between  the  cells  consti- 
tuting the  hair  substance.  A  fresh  hair  of  a  ringworm  patch  is  placed  in 
melted  nutrient  agar  ;  this  is  shaken  and  then  poured  out  on  a  plate  for  plate 
cultivation.  After  several  days'  incubation  at  37°  C.  numerous  colonies  of  the 
oidium  fungus  pervade  the  agar.  In  order  to  avoid  as  much  as  possible 
accidental  bacteria,  it  is  best  to  make  from  the  first  tube,  after  inoculation 
and  shaking,  a  second  inoculation,  that  is  to  say,  by  inoculating  with  a  platinum 
loop  a  second  tube  of  agar,  and  use  this  for  a  plate  cultivation.  The  number 
of  oidium  colonies  wUl  be  found  limited,  and  bacterial  colonies  probably 
altogether  absent. 

'  Grawitz,  Virchow's  Archiv,  Band  LXX.,  p,  560. 
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Aspergillus. — The  spores  of  species  of  Aspergillus  abound  in  air,  water, 
in  the  mucus  of  the  nasal  cavity,  in  the  fluid  of  the  mouth,  and  in  most  sub- 
stances exposed  to  air  and  subjected  to  putrefaction. 

During  the  growth  of  the  myceUum  some  of  its  branches  assume  an 
upright  position,  are  thicker  and  not  at  all,  or  only  slightly  septate,  and  at 
their  free  end  form  a  flask- shaped  enlargement,  from  which  grow  out 
radially  thin  cylindrical  cells — hasidia.  These  at  their  distal  or  free  end 
produce  a  chain  of  spherical  spores  or  conidia  (Plate  XL.,  fig.  104).  This 
is  a  very  common  mould,  and  according  to  differences  in  the  colouration  of 
the  mycelium  and  spores  is  subdivided  into  different  species :  A.  glaucus, 
ca7ididus,  fiavescens,  fmnigattis,  niger,  &c. 

Besides  this  mode  of  spore  formation  (asexual),  there  is  another  (sexual), 
which  according  to  De  Bary  consists  in  this  :  some  terminal  branch  of  the 
mycelium  becomes  twisted  hke  a  spiral ;  this  is  considered  to  be  the  female 
organ  of  fructification  or  carpogonium ;  from  the  same  thread  branches  grow 
towards  the  carpogonium  ;  one  of  these  branches  becomes  fused  with  the 
terminal  portion  of  the  carpogonium  called  the  ascogonium,  while  the 
others,  the  pollinodia,  branch  and  surround  the  carpogonium  hke  a  capsule  ; 
the  whole  organ  is  now  caUed  a  perithecium.  Finally,  the  ascogonium  by 
rapid  division  gives  origin  to  a  number  of  oval  septate  tubes,  inside  which 
by  endogenous  formation  numerous  spores  make  their  appearance. 

Grohe  '  was  the  first  to  show  that  the  introduction  of  the  spores  of  some 
species  of  Aspergillus  into  the  vascular  system  of  rabbits  sometimes  produces 
death,  with  symptoms  of  metastasis  into  the  various  organs,  due  to  localised 
foci,  where  these  spores  grow  into  mycelial  filaments.  Lichtheim  ^  showed 
that  such  mycoses  in  rabbits  cannot  be  produced  by  the  spores  of  Aspergillus 
glaucus,  but  easily  by  those  of  Aspergillus  fiavescens  and  fumigatus,  in  less 
degree  by  Aspergillus  niger.  Grawitz  ^  studied  this  process  more  minutely, 
and  found  that,  whether  the  spores  are  injected  into  the  vascular  system 
or  into  the  peritoneal  cavity,  there  are  established  in  the  kidneys,  liver, 
intestines,  lungs,  muscles,  and  occasionally  in  the  spleen,  long  bones, 
lymphatic  glands,  nervous  system,  and  skin,  minute  metastatic  foci,  due  to 
the  growth  of  the  spore  into  mycelial  filaments,  with  imperfect  organs  of 
fructification,  but  no  spore  formation.  Grawitz  thought  that  the  spores  of 
ordinary  moulds  (Penicillium  and  Aspergillus)  are  capable  of  assuming  these 
pathogenic  properties  if  cultivated  at  higher  temperatures  (39-40°  C.)  and 
in  alkaline  media.  These  fungi,  as  is  well  known,  grow  well  at  ordinary 
temperatures  and  in  acid  media,  and  are  then  innocuous  when  introduced 
into  the  animal  body  ;  but  by  gradual  acclimatisation  they  can  also  be  made 
to  grow  at  higher  temperatures  and  in  alkahne  media,  when  they  assume 
pathogenic  properties,  becoming  capable  of  resisting  the  action  of  living 
tissues  and  of  growing  in  them.  This  view  has  been  proved  to  be  incorrect 
by  Gaffky,^  Koch,^  and  Leber.^  Those  spores  that  do  exert  such  pathogenic 
properties  are  not  at  all  dependent  on  such  acclimatisation,  and  are  not 
ordinary  moulds,  but  distinct  species  of  Aspergillus  (Lichtheim),  which  grow 
weU  at  higher  temperatures — such  as  38-48°  C. — and  the  spores  of  which 
under  all  conditions  of  growth  are  capable  of  producing  in  rabbits  the 
mycosis  in  question. 

Penicillium. — This  fungus  has  also  a  wide  distribution,  but  is  not  so 
common  as  Aspergillus.     Li  Penicillium  as  in  Aspergillus,  hyphse,  which  are 
>  Berl  hlin.  Wocli.,  1871.  2  j^j^_^  jx,  and  X.,  1882. 

'  Virchow's  Archiv,  Band  LXXXI.,  p.  355. 

*  Mitthcil.  a.  d  k.  Oesundheitsamte,  1880. 

*  Berl.  klin.  Woch.,  1881.  «  Ibid.,  1882. 
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not  septate,  grow  out  from  the  mycelium ;  from  the  end  of  each  of  these 
hyphse  arise  like  the  fingers  of  the  hand  a  number  of  short,  branched, 
cylindrical  cells,  each  of  which  gives  origin  to  chains  of  spherical  spores 
{see  Plate  XLI.,  fig.  102).     Of  this  no  pathogenic  species  are  known. 

Mucor  occurs  on  many  substances  subject  to  putrefaction,  but  is  less 
common  than  either  of  the  two  preceding ;  it  is  characterised  by  this,  that 
from  the  mycelium,  non- septate  hyphae  grow  out,  at  the  end  of  which  a 
spherical  enlargement  appears,  sporangium,  in  which  by  endogenous  forma- 
tion a  large  number  of  spherical  spores  are  developed ;  the  wall  of  the 
sporangium  giving  way,  the  spores  become  free  {see  Plate  XLI.,  fig.  103). 

Lichtheim  ^  describes  two  species,  which  possess  pathogenic  action, 
Mucor  rhizopodiformis  and  Mucor  corymbifer  {see  Plate  XLI.,  fig.  103).  The 
mycehum  of  the  former  is  at  first  white,  then  changes  to  grey  ;  that  of  the 
latter  is  always  whitish-grey.  Both  species  were  found  growing  on  wheat 
bread  kept  at  higher  temperatures  (37°  C).  Spores  of  either,  injected  into 
the  vascular  system  of  rabbits,  produce  death  in  forty- eight  to  seventy-two 
hours.  On  ])ost-mortem  examination  the  Peyer's  patches  of  the  ileum  are 
found  intensely  congested,  swollen,  and  even  ulcerated  ;  in  these,  as  also  in 
the  swollen  and  congested  mesenteric  glands  and  in  the  kidneys,  mycelial 
growths  are  present.  Both  these  species  grow  luxuriantly  at  the  body 
temperature. 

An  important  case  of  general  '  mycosis  mucorina '  in  man,  ending  in 
death,  has  been  described  by  Dr.  Paltauf.^  From  the  alimentary  canal  of  the 
patient  an  invasion  of  the  internal  organs  by  the  mycelium  and  spores  of  a 
species  of  Mucor  occurred,  leading  to  the  formation  of  metastatic  inflam- 
matory foci  in  the  Peyer's  glands,  lungs,  pharynx,  larynx,  cerebrum,  and 
cerebellum.  In  all  these  organs  were  found  smaller  and  larger  foci  of  inflam- 
mation, caused  by  the  presence  of  non-septate  branched  mycelial  threads  and 
sporangia,  showing  that  the  fungus  belonged  to  the  group  of  Mucor. 

Saprolegnia  (Plate  XLI.,  fig.  107) — colourless  tubular  threads,  forming 
gelatinous  masses  on  living  and  dead  animal  and  vegetable  matter  in  fresh 
water.  The  cylindrical  or  flask-shaped  ends  of  the  threads,  zoosporangia, 
form  in  their  interior  numbers  of  spherical  or  oval  spores,  zoospores,  possessed 
of  locomotion  (one  flagellum  at  each  pole),  and  which  finally  escape  from  the 
threads.  These  zoospores  after  some  time  become  resting  spores,  surround 
themselves  with  a  membrane,  and  finally  germinate  into  a  cylindrical  mass 
which  becomes  transformed  in  the  mycehum.  Besides  this  asexual,  there 
is  a  second  or  sexual  mode  of  fructification,  consisting  in  this  :  At  the 
end  of  a  mycelial  thread  a  cell  grows  up  into  a  spherical  large  ball,  the 
oogonium.  From  the  same  thread,  thin  threads,  antheridia,  grow  towards 
the  oogonium,  into  the  protoplasm  of  which  they  merge.  This  latter,  then 
differentiates  into  a  number  of  spherical  masses,  the  oospores,  which 
become  invested  with  a  membrane ;  these  become  free  and  then  germinate 
and  grow  into  a  mycelium.  Saprolegnia  grows  on  the  skin  of  living  fish, 
and  causes  here  severe  illness,  often  terminating  in  death.  Thus  the  salmon 
disease,  as  Professor  Huxley  has  shown,^  is  caused  by  this  parasite.  The 
zoospores  of  this  salmon  saprolegnia  are,  however,  as  Huxley  has  shown,  as 
a  rule,  non-motile.  The  hyphge  of  the  fungus  traverse  the  epidermis  in  the 
diseased  patches  of  the  salmon,  and  they  bore  through  the  superficial  layer 
of  the  derma,  a  stem  part  being  situated  in  the  epidermis,  and  a  root 

1  Zeitschrift  f.  hlin.  Med.,  Band  VII.,  Heft  2. 
^  Virchow^s  Archiv,  Band  CII.  and  CHI.,  p.  543. 
^  Proceedings  of  the  Boyal  Society,  1882,  No.  219. 
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part  in  the  derma ;  each  of  these  elongates  and  branches  out.  '  The  free 
ends  of  the  stem  hyphae  rise  above  the  surface  of  the  epidermis,  and  become 
converted  into  zoosporangia,  more  or  fewer  of  the  spores  of  which  attach 
themselves  to  the  surrounding  epidermis  and  repeat  the  process  of  penetra- 
tion.' In  Saprolegnia  associated  with  the  salmon  disease,  Professor  Huxley 
observed  only  the  asexual  mode  of  fructification. 
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Plates  I-XVII  inclusive — figures  1  to  118  (except  figures  45,  46,  69,  and 
86) — are  from  micro-photograms  by  A.  Peingle  and  E.  C.  Bousfield. 
Except  when  otherwise  stated,  the  magnifying  power  is  1,000. 


PLATE  I 

Fig. 

1.  Cover-glass  specimen  from  a  culture   of    staphylococcus  albus  liques- 

cens A.  P. 

2.  From  a  culture  of  a  sarcina-like  staphylococcus     .         .         .         .  A.  P. 

3.  From  a  culture  of  sarcina  lutea E.  C.  B. 

4.  From  a  specimen  of  micrococcus  tetragonus A.  P. 

5.  Micrococcus  scarlatinse,  from  a  culture  on  gelatine         .         .         .  A.  P. 

6.  From  a  cultivation  of  bronchial  sputum  of  influenza,  showing  chains  of 

short  rods,  many  of  these  resembling  a  diplococcus   .         .         .  A.  P. 

7.  From  a  culture  of  a  short  oval  bacillus  from  veal  pie  that  had  caused 

choleraic  diarrhoea.     The  bacilli  are  marked  as  short  ovals,  each  Avith 
polar  granules A.  P. 
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PLATE   II 

Fig. 

8.  From  a  cultivation  of  bacillus  of  grouse  disease  obtained  from  an  infected 

mouse.     Amongst   the  short  oval  forms  there  are  some  which  are 
more  distinctly  cylindrical  bacilli A.  P. 

9.  From  a  cultivation  of  a  proteus-like  bacillus  obtained  from  pork  which 

had  caused  choleraic  diarrhoea  in  Carlisle  .         .         .         .  A.  P. 

(All  forms  between  cocci  and  long  threads  are  present,      x  650.) 

10.  From  very  young  colonies  on  gelatine  of  proteus  vulgaris,  as  seen  under 
a  low  power.  The  '  swarmers  '  passing  out  from  the  colonies  are  well 
seen A.  P. 

11  and  12.  From  the  same  specimen  as  fig.  10  magnified  1,000.  The  thread- 
like character  of  the  bacilli  is  well  shown  .         .         .         .  A.  P. 

13.  From  a  plate  culture  of  bacillus  mesentericus  on  gelatine.     The  figure 

represents  the  margin  of  a  young  colony A.  P. 

14.  Bacillus  filamentosus  from  a  gelatine  culture  of  sewage.    The  cylindrical 

nature  of  the  bacilli  constituting  the  chains  and  threads  is  well  shown. 

A.  P. 
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PLATE  III 

Pig. 

15.  From  a  gelatine  culture  of  bacillus  anthracis  two  days  old;  some  of  the 
threads  show  the  constituent  bacilli  as  spherical  or  oval  torula-like 
forms A.  P. 

16  and  17.  From  a  recent  gelatine  plate  cultivation  of  bacillus  anthracis.  The 
bacillary  threads  are  composed  of  spindle-shaped  elements,  many  of 
them  containing  small  vacuoles A.  P. 

18.  From  a  culture  on  gelatine  of  a  non-liquefying,  extremely  minute  bacillus 

that  had  been  found  in  dust  of  a  room.     Each  bacillus  contains  in 
its  middle  an  oval  spore    .         .         .         .         .         .         .         .  A.  P. 

19.  From  a  culture  of  bacillus  filamentosus,  the  threads  containing  oval 

spores .         .         .         .  A.  P. 

20.  From  a  gelatine   culture  of   the  typhoid  bacillus,  each  bacillus  being 

possessed  of  numerous  flagella  .         .         ..         .         .      E.O.B. 

21.  Spirilla,  each  with  two  flagella  at  one  end A.  P. 
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PLATE   IV 


22.  From  a  culture  in  gelatine  of  the  comma  bacillus  of  Finkler 

23.  Purulent  matter  of  abscess  of  rabbit,  numerous  cocci    . 

24.  Purulent  matter  of  abscess  of  the  human  mastitis 

25.  Streptococcus  scarlatina  from  an  agar  culture 

26.  Streptococcus  scarlatinse  from  culture  .... 

27.  Streptococcus  of  foot-and-mouth  disease,  culture   .        . 

28.  Bacillus  pyocyaneus,  culture 


.  A.  P. 
.  A.  P. 
.  A.  P. 
.  A.  P. 
.  A.  P. 
.  A.  P. 
E.  C.  B. 
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PLATE   V 
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29.  Section  through  human  variola,  showing  the  loculi  forming  the  vesicle. 
Low  power A.  P. 

•30.  Section  through  the  inoculated  pock  of  sheep,  showing  the  loculi  forming 
the  vesicle.     Low  power A.  P. 

31.  Section  through  the  natural  eruption  of  foot-and-mouth  disease  in  the 

sheep,    showing   the   nature   and   formation   of    the   vesicle   in   the 
epidermis.     Low  power E.  C.  B. 

32.  Cover- glass   specimen  of  the  lung  juice  in  croupous  (Middlesbrough) 

pneumonia.     Amongst  the  red  blood  discs,  there  are  numerous  short 
bacilli,  single  and  as  diplo  bacilli A.  P. 

54.  Section  through  the  lung  in  the  stage  of  red  hepatisation  in  croupous 

(Middlesbrough)  pneumonia ;  the  alveoli  of  the  lung  are  filled  with 
fibrin  and  red  blood  discs.     Low  power A.  P. 

33.  From  the  same  lung,  more  highly  magnified,     x  650     .        .         .  A.  P. 

55.  Cultivation  of  the  bacillus  pneumoniae  (Middlesbrough).         .         .  A.  P. 
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PLATE  VI 

Fia. 

86.  Blood  of  mouse  infected  with  the  bacillus  pneumonise    .        «        .  A.  P, 

37.  Bacillus  (capsulated)  of  Friedlander  in  pneumonic  sputum     .         .  A,  P. 

38.  Streptococcus  pyogenes  in  chronic  abscess.   Amongst  the  pus  cells,  chains 

of  the  streptococcus  are  shown E.  C.  B. 

39.  Blood  of  mouse  dead  of  Koch's  mouse  septicaemia  .         .       E.  C.  B. 

40.  ffidema  fluid  of  a  guineapig  dead  of  malignant  oedema,  after  inoculation 

with  garden  earth     .         .         .         .         .         .         .         .       E.  C.  B. 

41.  CEdema  fluid  of  rabbit  dead  after  inoculation  with  the  aerobic  bacillus  of 

malignant  oedema     .         .         .         .         .         .         .         .       E.  C.  B. 

42.  Culture  in  broth  of  the  aerobic  oedema  bacillus      .         .         .       E.  C.  B. 
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PLATE  VII 


43.  Section  through  the  subcutaneous  tissue  of  a  guineapig  dead  after  inocu- 

lation with  the  aerobic  oedema  bacillus     .        .         .         .      E.  C.  B. 

44.  CEdema  fluid  of    a   guineapig  dead    after  inoculation  with   (Koch's) 

anaerobic  oedema  bacillus E.  C.  B. 

45.  Copied  from  Frankel  and  Pfeiffer's  Atlas,  Plate  XXIII,  fig.  45.  Cover-glass 

specimen  of  tissue  juice  of  a  guineapig  dead  after  infection  with 
garden  earth.    Magnifying  power,  1,000. 

4G.  Copied  from  Frankel  and  Pfeiffer's  Atlas,  Plate  XXIV,  fig.  48.  Spore 
formation  in  the  bacilli  of  a  culture  in  agar.  Magnifying  power, 
1,000. 

47.  Blood  of  grouse  dead  of  the  grouse  disease,  showing  the  bacilli  amongst 

the  blood  corpuscles,  of  which  only  the  nuclei  are  shown  .         .  A.  P. 

48.  Bacillus  of  grouse  disease  in  the  blood  of  ammer,  dead  after  inoculation 

with  culture      .         .         .         .         .         .         .         .         .         .  A.  P. 

49.  Blood  of   guineapig   infected  with   culture  of  the  bacillus   of  grouse 

disease.  The  bacilli  are  very  numerously  present,  either  free  in  the 
plasma  or  enclosed  in  white  blood  cells,  the  latter  swollen  up  and  dis- 
integrating       .         .         .         ,         .         .         .         .         .         .  A.  P. 
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PLATE  VIII 

Fia. 

50.  Blood  of  fowl  dead  of  fowl  enteritis  :  very  few  bacilli  amongst  the  red 

blood  discs A.  P. 

51.  Intestinal  mucus  of  fowl  dead  of  fowl  enteritis.     The  bacilli  are  present 

in  almost  pure  culture A.  P. 

52.  From  a  culture  of  the  bacillus  of  fowl  enteritis       .         .        .         .  A.  P. 

53.  Blood  of  fowl  dead  of  fowl  cholera.    The  minute  oval  bacilli  are  very 

abundant  amongst  the  blood  discs.   The  bacilli  show  the  characteristic 
staining  of  polar  granules A.  P. 

54.  Blood  of  rabbit  dead  of  fowl  cholera       .         .         .         .         .         .  A.  P. 

55.  Cultivation  of  the  bacillus  of  fowl  cholera A.  P. 

56.  Bacillus  of  swine  fever,  from  the  spleen  of  a  mouse  dead  after  inocula- 

tion   A.  P. 
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57.  Blood  of  pigeon  dead  after  inoculation  with  culture  of  the  bacillus  of 

swine  erysipelas         .         .         .         .         .         .         .         .       E.  C.  B. 

58.  Section  through  the  liver  of  pigeon  dead  of  swine  erysipelas.     In  the 

capillary  blood-vessels  leucocytes  are  seen,  the  interior  of  which  is 
filled  with  the  baciUi E.  C.  B. 

59.  Blood  of  guineapig  dead  of  virulent  anthrax  .         .        .         .  A.  P. 

60.  Bacillus  anthracis  from  the  subcutaneous  tissue  at  the  seat  of  inocula- 

tion of  rabbit.      Many  chains   of    the    bacilli  show  the  protoplasm 
degenerated,  and  only  the  sheath  as  a  pale,  faintly  stained  thread. 

61.  Section  through  the  spleen  of  a  guineapig  dead  of  anthrax,      x  650. 

E.  C.  B. 

62.  Part  of  glomerulus  of  a  Malpighian  corpuscle  in  the  kidney  of  rabbit 

dead  of  virulent  anthrax.     Some  of  the  capillary  blood-vessels  are 
filled  with  the  bacilli  anthracis.      x  650 A.  P. 

63.  Section  through  the  liver  of  a  guineapig  dead  of  anthrax.     The  capillary 

blood-vessels  contain  abundantly  the  bacilli  anthracis.      x  650  A.  P. 
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PLATE  X 
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G4.  From  a  section  through  a  human  malignant  pustule.  A  vesicle  is  shown 
between  the  epidermis  and  the  corium;  the  vesicle  is  filled  with 
fibrin ;   the  corium  is  full  of  the  bacilli  anthracis.    Low  power. 

E.  C.  B, 

G5.  From  a  similar  preparation  as  the  preceding  figure.  The  vessels  of  the 
corium  are  filled  with  the  bacilli  anthracis.     Low  power    .      E.  C.  B. 

66.  Impression  of  a  colony  of  bacilli  anthracis  on  gelatine.    The  colony  is 

composed  of  threads  of  the  bacilli.     Low  power  .         .         .         A.  P. 

67.  From  a  similar  preparation  as  fig.  66,  more  highly  magnified,  showing 

the  threads  composed  of  cylindrical  bacilli.     M.  P.  650     .         .  A.  P. 

68.  From  an  impression  preparation  of  the  margin  of  a  colony  of  bacillus 

anthracis  growing  in  a  gelatine  plate.  The  bacilli  were  derived  from 
the  blood  of  frog  infected  with  anthrax  during  narcosis ;  the 
characteristic  threads  are  composed  of  cylindrical  bacilli    .      E.  C.  B. 

69.  Threads  of  bacilli  anthracis  with  spores  in  them  in  the  fresh  condition. 

The  spores  are  the  oval  bright  corpuscles  contained  in  the  pale  threads. 
Copied  from  Koch. 

70.  Threads  of  anthrax  bacilli  from  a  gelatine  culture.     Many  bacilli  con- 

stituting the  threads  are  swollen  up  into  spherical,  oval,  or  spindle- 
shaped  elements         .         .         .         .         .         .         .         .         .  A.  P. 
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PLATE  XI 

Fig. 

71.  Blood  of  a  guineapig  dead  after  inoculation  with  symptomatic  charbon^ 

Long  bacilli  (chains)  are  seen  amongst  the  blood  discs       .         .  A.  P. 

72.  From  the  false  membrane  of  hmnan  diphtheria  of  the  fauces.    Numerous 

diphtheria  bacilli  are  seen  amongst  the  tissue  elements     .         .A.  P. 

73.  From  a   similar  preparation.     Amongst  the   tissue  cells  are  seen  the 

diphtheria  bacilli  in  almost  pure  culture A.  P. 

74.  From  a  colony  of  an  agar  culture  of   the  bacillus  diphtheriae,  many 

bacilli  single  or  in  chains,  some  club-shaped      .         .         .         .  A.  P. 

75.  From  an  agar  streak  culture  of  the  bacillus  diphtheriae  .         .  A.  P. 

76.  From  a  colony  on  gelatine  of  the  bacillus  diphtheriae.      The  bacilli  are, 

in  many  instances,  conical         .         .         .         .         .         .         .  A,  P. 

77.  From  an   agar  culture  of   the   bacillus   diphtheriae   derived  from   the 

necrotic  tumour  at  the  seat  of  inoculation  of  a  cow  inoculated 
with  the  human  bacillus  diphtheriae.  The  bacilli  are  slightly  smaller 
than  those  derived  directly  from  the  human       .         .         .         .  A.  P.. 
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78.  From  a  culture  of  the  bacillus  diphtheria  derived  from  the  corneal  ulcer 

of  cat  inoculated  on  the  cornea  with  diphtheritic  membrane.     The 
bacilli  are  distinctly  smaller  than  those  of  the  cow  or  human      .  A.  P. 

79.  From  a  gelatine  culture  of  the  milk  of  a  cow  infected  by  subcutaneous 

inoculation  with  the  human  bacillus  diphtheriae.    The  characteristic 
club-shaped  bacilli  are  numerous A.  P. 

•80.  From  a  culture  of  the  pseudo-diphtheria  bacillus  of  a  case  of  human 
diphtheria         .         .         .         .         .         .         .         .         .         .  A.  P. 

■81.  From  a  culture  of  a  different  kind  of  pseudo- diphtheria  bacillus  obtained 
from  the  milk  of  a  cow.  All  bacilli  are  club-shaped  or  dumb-bell- 
shaped      E.  C.  B. 

S2.  From  a  section  through  the  necrotic  part  of  the  local  tumour  produced 
in  the  cow  by  subcutaneous  inoculation  of  the  human  diphtheria 
bacillus.  The  dark  masses  are  masses  of  the  diphtheria  bacillus 
located  in  a  reticulated  necrotic  tissue.     Loav  power  .         .  A.  P. 

■83.  From  a  section  through  a  pneumonic  patch  of  the  lung  of  cat  dead  of 
natural  diphtheria.  The  infundibula  and  air  cells  are  filled  with 
necrotic  masses  in  v/hich  nuclei  of  leucocytes  are  still  to  be  recog- 
nised.    Low  power A.  P. 

S4.  From  a  section  through  the  lower  part  of  the  larynx  of  a  cat  dead  of 
diphtheria,  contracted  naturally  by  ingestion  of  the  milk  of  an  infected 
cow :  on  the  left  is  the  cartilage,  on  the  right  the  necrotic  mucosa 
which  formed  a  complete  grey  false  membrane  in  the  larynx  and 
upper  part  of  the  trachea.     Low  power A.  P. 
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Fig, 

85.  Cultivation  on  gelatine  of  the  typhoid  bacillus       .         .        .        .  A.  P. 

86.  Blood  in  relapsing  fever,  showing  the  spirilla  of  Obermeyer,  copied  from 

Koch. 

87.  From  mucus  flakes  of  the  ileum  of  a  case  of  cholera  asiatica,  showing 

the  comma  bacilli  of   Koch  in    almost  pure   culture.      Magnifying 
power,  1,000 A.  P. 

88.  Mucus  flakes  of  a  ease  of  Asiatic  cholera.   The  comma  bacilli  in  this  case 

are  several  times  the  size  of  those  shown  in  previous  figure.     One 
spirillmn  is  here  shown.     Magnifying  power,  1,000  .         .         .  A.  P. 

89.  Culture  in  gelatine  of  the  choleraic  comma  bacilli  .        .        .  A.  P. 

90.  Culture  on  agar  of  the  choleraic  comma  bacilli ;  spirilla  are  shown  .  A.  P.. 

91.  Cultivation  on  gelatine  of  choleraic  comma  bacilli  after  several  sub-cultures. 

The  bacilli  are  very  polymorphous,  some  quite  spherical   .         .  A.  P. 
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92.  From   a  similar  preparation  as  in  fig.  91,  but  after  more  prolonged 

sub-cultures.  The  organisms  are  scarcely  to  be  recognised  as  being 
related  to  the  comma  bacilli ;  some  are  much  swollen  up  and  full  of 
vacuoles .        .  A.  P. 

93.  Mucus  flakes  of  an  ape  dead  with  symptoms  of  diarrhoea  ;  comma  bacilli 

in  almost  pure  culture A.  P. 

94.  Mucus  from  a  loop  of  the  intestine  of  an  ape,  after  ligaturing  the  loop 

and  injecting  into  its  cavity  sulphate  of  soda  solution.  Numerous 
minute  comma  bacilli  and  spirilla  are  seen        .         .         .         .  A.  P. 

95.  Blood  of  a  case  of  influenza.   Numerous  minute  bacilli  seen  amongst  the 

blood  discs       .        . E.  C.  B, 

96.  Specimen  of  pus  of  gonorrhoea.    Two  pus  corpuscles  are  shown  which 

contain  in  their  interior  numerous  gonococci     .         .         .       E.  C.  B. 

97.  Pus  of  catarrhal  ophthalmia  or  Egyptian  ophthalmia  (Koch).  Numerous 

minute  bacilli  are  seen  free  and  within  the  substance  of  the  pus 
corpuscles E.  C.  B. 

98.  From  the  same  specimen  as  fig.  97.    A  large  epithelial  scale  is  shown, 

the  surface  of  which  is  covered  with  the  small  bacilli        .      E.  C.  B. 
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■99.  Culture  of  minute   bacilli,  isolated  from   a  beef  pie  that  had  caused 
choleraic  diarrhoea  at  Portsmouth     .         .         ,         .         .       E.  C.  B. 

100.  Cover-glass  specimen  of  lung  juice  of  a  nodule  of  the  lung  in  glanders 

of  the  horse.     The  bacilli  of  glanders  are  shown  very  numerously. 

A.  P. 

101.  Cultivation  on  agar  of  the  glanders  bacillus  .         .         .         .  A.  P. 

102.  Cultivation  of  the  tetanus  bacillus.     Some  of  the  bacilli  show  the  spore 

formation  at  one  pole.    These  bacilli  look  like  drumsticks  .         .  A.  P. 

103.  Cover-glass  specimen  of  pulmonary  sputum  in  tuberculosis.  The  tubercle 

bacilli  are  very  numerously  present,  few  nuclei  of  pus  cells         .  A.  P. 

104.  From  a  culture  on  glycerine  agar  of  the  tubercle  bacilli        .         .  A.  P. 

105.  Purulent  matter  of  a  human  cerebral  abscess,  due  to  tubercle.     Two 

leucocytes  are  shoAvn,  containing  the  tubercle  bacilli  .         .  A.  P. 
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106.  Section  through  a  tubercle  of  the  human  lung.     Low  power        .  A.  P. 

107.  The  centre  of  a  caseous  tubercle  in  the  human  lung  (same  specimen  as 

shown  in  previous  figure),  numerous  tubercle  bacilli  in  the  central 
part.     Magnifying  power,  650 A.  P. 

108.  From  a  section  through  a  pulmonary  tubercle  in  the  cow  ;  a  giant  cell 

full  of  tubercle  bacilli,  also  other  isolated  tubercle  bacilli  .         .  A.  P. 

109.  A  grey  tubercle  in  the  lung  of  a  rabbit  developed  in  a  few  weeks  after 

injection  of  culture  of  tubercle  bacilli  ijito  the  vein  of  the  ear.  The 
centre  of  the  tubercle  is  surrounded  by  leucocytes  containing  the 
tubercle  bacilli A.  P. 

110.  From  a  tubercle  in  the  liver  of  a  rabbit  infected  by  intravenous  injection 

of  culture  of  tubercle  bacilli.  Two  giant  cells  full  of  tubercle  bacilli 
are  shown E.  C.  B. 

111.  From   a   section   through  caseous  tubercle  of  the  spleen  of  a  fowl. 

Groups  of  tubercle  bacilli  in  the  necrotic  tissue  .         .         .  A.  P. 

112.  One  large  giant  cell  of  a  tubercle  in  the  lung  of  a  cow.     Numerous 

tubercle  bacilli  are  shown  in  the  substance  of  the  giant  cell       .  A.  P. 
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113.  Large  cells  of  a  leprous  nodule,  containing  an  abundance  of  the  lepra 

bacilli,  free  and  particularly  filling  the  substance  of  the  cells     .  A.  P. 

114.  A  similar  preparation  as  in  previous  figure A.  P. 

115.  Section  through  the  tongue  of  ox.     Numerous  round-cell  nodules,  the 

centre  of  which  is  occupied  by  a  mass  of  actinomyces.     Low  power. 

A.  P. 

116.  From  a    similar  preparation,   more  highly  magnified,   showing    the 

actinomyces  mass.     The  '  rays  '  are  distinct      .         .         .         .  A.  P. 

117.  A  similar  preparation,  highly  magnified ;  the  '  clubs '  of  the  rays  are 

well  shown A.  P. 

118.  Part  of  the  mycelium  of  actinomyces,  from  a  culture  on  gelatine  of  the 

actinomyces.  Branched  threads  are  shown,  which  threads  are  either 
homogeneous,  or  they  show  granules,  or  they  are  made  up  of  rods  and 
cylinders .      E.  C.  B. 
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Plates  XVIII-XXV  inclusive  (figures  119  to  152)  are  from  drawings 
made  by  Mr.  M.  H.  Lapidge. 


PLATE  XVIII 

Fig. 

119.  Bacillus  filamentosus  with  spores.    The  bacillary  threads  are  stained  in 

methyl  blue,  the  spores  in  fuchsin.     Magnifying  power,  750. 

120.  Bacillus  anthracis  from  a  potato  culture.     The  bacilli  are  stained  in 

methyl  blue,  the  spores  in  fuchsin.     Magnifying  power,  350. 

121.  Pus  from  gonorrhoea!  discharge,  showing  pus  cells,  some  containing  in 

their  interior  the  gonococci  stained  with  gentian  violet.  Magnify- 
ing power,  700. 

122.  Two  pus  cells  of   gonorrhoeal  discharge,  containing  numerously  the 

gonococci  as  diplococci.  Same  specimen  as  fig.  121.  Magnifying 
power,  1,400. 

123.  Purulent  conjunctival  discharge  of  true  Egyptian  ophthalmia  of  Koch. 

Pus  cells  indicated  by  their  nuclei,  containing  at  a  fine  bacilli ;  at 
b  masses  of  free  bacilli.  Methyl  blue  staining.  Magnifying  power, 
about  1,000. 

124.  Section  through  the  valve  in  ulcerative  endocarditis.     The  section  was 

stained  in  methyl  blue.  The  blue  masses  are  masses  of  streptococci. 
Magnifying  power,  100. 

125.  Section  through  the  valve  in  another  case  of  ulcerative  endocarditis, 

stained  with  methyl  blue  and  eosin.  The  blue  masses  are  masses 
of  staphylococcus  aureus ;  a  is  the  free  edge  of  the  villous  valve. 
Magnifying  power,  100. 
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PLATE   XIX' 

Fig. 

126.  From  a  section  through  the  medulla  of  the  kidney  of  a  rabbit  after 
injection  into  the  ear  vein  of  a  culture  of  the  staphylococcus  aureus  of 
the  above  case  of  ulcerative  endocarditis,  stained  in  methyl  blue  and 
eosin.  The  blue  masses  are  masses  of  staphylococcus  aureus  filling 
blood-vessels  ;  the  red  ground  are  uriniferous  tubules.  Magnifying 
power,  100. 

Figs.  124,  125,  and  126  are  from  preparations  by  Dr.  F.  H.  Andrewes. 

133.  From  a  section  through  the  mucous  membrane  of  the  pharnyx  of  a 
child  dead  of  acute  diphtheria,  stained  in  gentian  violet :  (a)  surface 
of  the  false  membrane  filled  with  the  diphtheria  bacilli;  (b)  the 
mucous  membrane  filled  with  extra vasated  blood.  Magnifying  power, 
about  800. 

137.  The  kidney   of  a   cat  that  died  after  ten  to  twelve  days'  illness  of 

diphtheria  naturally  acquired.     The  enlargement   and   fatty  white 
cortex  are  conspicuous.     Natural  size. 

138.  The  kidney  of  a  cat  that  died  after  five  to  six  days'  illness,  resulting 

from  inoculation  of  the  diphtheria  bacilli.     Natural  size. 

133,  137,  and  138  are  copied  from  Klein's  '  Etiology  of  Diphtheria  '  in  the 
Eeports  of  the  Medical  Officer  of  the  Local  Government  Board  for 
1889. 

*  The  making  up  of  this  and  some  of  the  subsequent  plates  necessitated  a  slight 
derangement  in  the  numbers  of  the  figures. 
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PLATE  XX 

Pig. 

128.  From  a  section  through  the  lung  of  a  mouse  dead  of  Koch's  acute  mouse 
septicffimia.  Stained  with  gentian  violet.  A  large  blood-vessel  is 
here  represented,  distended  by  and  filled  with  blood,  the  white  blood 
cells  containing  in  their  cell  substance  numerously  the  fine  bacilli. 
M.  P.  700. 

131.  Section  through  the  cortex  of  the  kidney  of  a  rabbit  dead  of  virulent 
anthrax,  stained  with  Spiller's  purple  :  (a)  Malpighian  corpuscles, 
the  capillaries  of  which  are  distended  by  and  filled  with  the  bacilli 
anthracis ;  (b)  capillary  blood-vessels  filled  with  the  bacilli.  M.  P. 
about  300. 
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130.  From  a  section  through  the  kidney  of  a  mouse  dead  after  inoculation 
with  culture  of  the  bacillus  of  swine  fever,  stained  with  methyl  blue  : 
(a)  A  Malpighian  corpuscle,  its  capillary  blood-vessels  filled  with  the 
bacilli ;  [b)  capillary  blood-vessels  filled  with  the  bacilli.     M.  P.  175. 

l36.  The  eruption  on  the  sixth  day  on  the  udder  of  a  cow  subcutaneously 
inoculated  into  the  shoulder  with  a  culture  of  the  bacillus  diphtherise  : 
(a)  The  teats  ;  (b)  the  eruption  :  some  are  still  in  the  stage  of  vesicles, 
others  are  already  covered  with  black  crusts.     Natural  size. 

"129.  From  a  section  through  the  lung  tissue  of  a  mouse  dead  of  Koch's  acute 
mouse  septicsBmia.  In  the  tissue  separating  the  lung  alveoli  leuco- 
cytes are  seen,  whose  protoplasm  includes  numerously  the  characteristic 
minute  bacilli,  stained  with  gentian  violet.    M.  P.  about  1000. 

127.  Section  through  a  necrotic  patch  in  the  liver  of  a  mouse  dead  after 
septicaemia  :  (a)  Capillary  blood-vessels  distended,  and  containing 
besides  blood-corpuscles  masses  of  minute  bacilli  stained  blue ;  (&) 
the  strands  of  necrotic  liver  cells.  The  section  had  been  stained  in 
methyl  blue  and  eosin.     M.  P.  about  300. 
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132.  From  a  section  through  the  mucous  membrane  of  the  larynx  of  a  child 
dead  of  diphtheritic  croup.  The  mucous  membrane  is  transformed  into 
a  typical  diphtheritic  membrane,  in  the  superficial  layers  of  which  are 
large  numbers  of  the  diphtheria  bacilh,  stained  blue.  On  the  free 
surface  of  the  membrane  they  form  an  almost  continuous  mass.  The 
section  was  stained  in  rubin  and  then  in  methyl  blue.     M.  P.  100. 

135.  Cover-glass  specimen  of  the  superficial  parts  of  the  diphtheritic  mem- 
brane, showing  cells  and  numerous  diphtheria  bacilli,  stained  blue, 
free  and  enclosed  within  the  cells.  The  preparation  was  stained  in 
rubin  and  then  in  methyl  blue.     M.  P.  about  700. 

134.  Section  through  the  diphtheritic  membrane  from  the  tonsil  of  a  child. 
The  section  shows  in  the  superficial  layers  of  the  membrane  (lower 
part  of  figure)  almost  continuous  loculi,  large  and  small,  filled  with 
clumps  of  the  diphtheria  bacilli,  stained  blue ;  in  the  middle  portions 
are  also  numerous  smaller  masses  of  the  bacilli.  The  section  had 
been  stained  with  rubin  and  then  with  methyl  blue.    M.  P.  about  100. 

139.  From  a  section  through  a  necrotic  nodule  of  the  lung  in  a  horse  dead 
of  glanders.  Numerous  bacilli  of  glanders,  stained  blue,  are  seen. 
The  section  had  been  stained  in  rubin  and  then  in  methyl  blue. 
M.  P.  about  1,000. 
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PLATE  XXIII 


140.  From  a  section  through  the  glanders  lung  of  horse.    The  section  repre- 

sents a  large  lymphatic  vessel  containing  a  coagulum.  In  the  upper 
part  of  the  contents  of  the  vessel  are  several  blue  clumps  of  the 
glanders  bacilli ;  stained  with  rubin  and  then  methyl  blue.    M.  P.  100. 

141.  Section  through  a  young  tubercle  in  the  lung  of  rabbit ;  numbers  of 

cells  are  seen  filled  with  the  tubercle  bacilli— carbol  fuchsin,  nitric 
acid,  and  then  methyl  blue.     M.  P.  about  1,000. 

142.  From  a  section  through  a  tubercle  in  the  spleen  of  a  fowl  artificially 

infected  with  human  tubercle.  The  central  part  is  a  caseous  mass 
containing  abundantly  the  tubercle  bacilli — carbol  fuchsin,  nitric  acid, 
and  then  methyl  blue.     M.  P.  300. 

143.  From  a  similar  tubercle  as  in  fig.  142,  but  more  highly  magnified. 

M.  P.  1,000. 
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144.  A  giant  cell  in  a  tubercle  in  the  lung  of  a  cow — carbol  fuchsin,   nitric 

acid,  and  then  methyl  blue.  The  tubercle  bacilli  form  a  characteristic 
peripheral  annular  zone.     Magnifying  power,  1,000. 

145.  Section  through  a  cutaneous  leprous  nodule — carbol  fuchsin,  nitric  acid, 

and  then  methyl  blue,  {a)  The  stratum  corneum  of  the  epidermis ;  (6) 
the  stratum  Malpighii ;  (c)  the  superficial  layer  of  the  cutis  ;  (d)  the 
upper  part  of  the  leprous  nodule.  In  this,  numbers  of  lepra  cells 
filled  with  the  lepra  bacilli.  Also  in  the  layers  above  there  are  a  few 
lepra  bacilli  seen.     Magnifying  power,  300. 

146.  Section  showing  the  middle  part  of  a  cutaneous  leprosy  nodule,  same 

as  in  fig.  145.  The  tissue  of  the  nodule  contains  cells  of  different 
sizes,  the  substance  of  all  of  them  filled  with  the  lepra  bacilli. 
Magnifying  power,  300. 

147.  Cover-glass  specimen  of  the  purulent  secretion  of  an  ulcerated  leprosy 

nodule,  showing  the  leprosy  cells  filled  with  bundles  of  the  lepra 
bacilli.     Magnifying  power,  1,000. 

148.  From  a  section  through  the  liver  of  a  Khea.    The  liver  was  crowded  with 

white  nodules.  Such  a  nodule  is  here  shown  as  composed  of  densely 
aggregated  cells,  each  filled  with  extremely  minute  bacilli,  stained  red 
with  fuchsin.     Fuchsin  and  nitric  acid.     Magnifying  power,  300. 

149.  Several  of  the  cells  of  fig.  148  shown,  more  highly  magnified.     Magni- 

fying power,  1,000. 
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PLATE  XSV 


150.  From  a  section  througli  an  actinomyces  nodule  in  the  tongue  of  ox. 

The  centre  shows  the  actinomyces  with  its  radiating  clubs.  Eubin 
and  then  methyl  blue.     Magnifying  power,  500. 

151.  From  the  same  specimen,  showing  in  surface  view  part  of  an  actinomyces 

clump.  The  red  dots  are  the  '  clubs  '  seen  in  bird's-eye  view.  Magni- 
fying power,  500. 

152.  A  Malpighian  corpuscle   of  the  kidney  of  a  person  dead  after  meat 

poisoning  at  Welbeck.  Some  of  the  capillaries  of  the  glomerulus  are 
plugged  with  masses  of  baciUi,  the  remainder  of  the  glomerulus 
swollen,  and  sho^udng  hyaline  degeneration.  Gentian  violet  staining. 
Magnifying  power,  500. 
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Plates  XXVI-XXX  inclusive.     Figs.  1  to  46  are  from  photograms  made 
by  Mr.  E.  C.  Bousfield,  except  figs.  35,  37,  and  38.     All  of  natural  size. 


PLATE  XXVI 

Fig. 

1.  Plate  cultivation  of  air  of  Wandsworth  Common. 

2.  Plate  cultivation  of  air  of  Oxford  Street.     Both  plates  are  on  gelatine, 

which  after  it  was  set  was  exposed  for  three  minutes  to  the  air,  the 
difference  between  the  time  of  exposure  at  Wandsworth  Common  and 
in  Oxford  Street  being  about  one  hour.  Date,  March  1891.  The 
difference  in  the  number  of  colonies,  that  is,  in  the  number  of  micro- 
organisms, in  the  two  localities  is  striking. 

3.  Plate  culiivation  in  gelatine  of  Finkler's  comma  bacilli ;   some  of  the 

colonies  isolated,  others  confluent,  all  Hquefying  the  gelatine. 

4.  Plate  cultivation  in  gelatine  of  the  aerobic  bacillus  of  malignant  oedema. 

The  small  dots  are  colonies  in  the  depth,  the  large  patches  are  the 
colonies  growing  on  the  surface. 

5.  Plate  cultivation  in  gelatine  of  a  quarter  of  a  cubic  centimetre  of  the 

ordinary  standpipe  water  of  the  West  Middlesex  Water  Company ; 
three  colonies  per  ^  c.c,  that  is,  12  per  1  c.c. 

6.  Plate  cultivation  in  same  manner  of  water  of  Grand  Junction   Water 

Company,  about  eight  colonies  per  ^  c.c. 
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PLATE   XXVII 

Fig. 

7.  Streak  culture  on  the  surface  of  slanting  gelatine  of  fowl  cholera. 

8.  Ditto  of  fowl  enteritis. 

9.  Ditto  of  the  typhoid  bacillus. 

10.  Ditto  of  the  bacillus  of  Middlesbrough  pneumonia. 

11.  Ditto  of  the  bacillus  of  grouse  disease. 

(All  these  five  cultures  are  of  the  same  age.) 

12.  Streak  culture,  on  the  surface  of  slanting  gelatine,  of  the  streptococcus  of 

the  Edinburgh  disease. 

IB.  Ditto  of  streptococcus  scarlatinse. 

14.  Ditto  of  streptococcus  pyogenes. 

15.  Ditto  of  streptococcus  erysipelas.      This  last  photo  does  not  correctly 

represent    the    actual   appearances,  being    too    much   of    a    homo- 
geneous character. 

(All  these  four  streptococcus  cultures  of  same  age.) 

16.  Streak  culture  on  gelatine  of  the  pie  bacillus  of  Portsmouth  pie  poison- 

ing, two  days  old. 

17.  Ditto  six  days  old. 

18.  Broth  culture  of  staphylococcus  aureus,  the  broth  uniformly  turbid  after 

twenty-four  hours  at  37°  C. 

19.  Broth  culture  of  the  bacillus  of  Middlesbrough  pneumonia,  after  twenty- 

four  hours. 

20  Stab  culture  in  gelatine  of  bacillus  fluorescens  liquescens.     The  upper 
part  of  the  gelatine  liquefied  by  the  growth. 
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PLATE  XXVIII 

Via. 

21.  Stab  culture  in  gelatine  of  the  bacillus  of  swine  erysipelas. 

22.  Stab  culture  in  gelatine  of  bacillus  anthracis.     The  upper  part  of  the 

growth  has  commenced  to  liquefy  the  gelatine. 

23.  Stab  culture  in  gelatine  of  the  aerobic  bacillus  of  malignant  oedema. 

A  number  of  flat  gas  bubbles  are  attached  to  the  streak  growth. 

24.  Shake  culture  in  gelatine  of  the  aerobic  bacillus  of  malignant  oedema. 

Numerous  gas  bubbles  in  connection  with  the  dot-like  colonies. 

25  and  26.  Shake  cultures  in  gelatine  of  the  aerobic  bacillus  of  malignant 
oedema  from  the  blood  of  rabbit  and  mouse  respectively,  dead  after 
inoculation. 

27.  Streak  cultures   on   the   slanting   surface   of  gelatine   of  the  bacillus 

diphtherise  of  the  human  subject. 

28.  The  same  bacillus  forming  isolated  colonies  on  the  slanting  surface  of 

gelatine — tube  plate  cultivation. 

29.  The  same  bacillus  forming  colonies  on  the  surface  of  gelatine,  after  two 

weeks'  incubation. 

30.  A  pseudo-diphtheria  bacillus,  derived  from  cow's  milk,  forming  colonies 

on  the  slanting  surface  of  agar. 

31.  Streak   culture   on  agar  of  the  same  pseudo-diphtheria  bacillus  as  in 

fig.  30. 

32.  Stab  culture  in  gelatine  of  the  bacillus  of  Portsmouth  pie,  the  same  as  in 

16  and  17  of  Plate  XXVII. 
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PLATE  XXIX 

Pia. 

83.  Stab   culture  in  gelatine  of  the  bacillus  diphtheriae  derived  from  the 
(human)  diphtheritic  membrane.    The  culture  is  several  weeks  old. 

34.  Similar  culture  of  the  bacillus  diphtheria  derived  from  the  diphtheritic 

necrotic  tumour  of   the   cov?",  artificially  produced  by  subcutaneous 
inoculation. 

35.  Plate  cultivation  in  gelatine  of  Koch's  cholera  spirilla,  seventy-two  hours 

old.     Magnified  fifty  times.     Copied  from  Plagge. 

36.  Cultivation  of  Koch's  anaerobic  bacillus  of  milignant  cedema  in  grape 

sugar  gelatine.     The  growth  (in  the  depth)  has  liquefied  the  gelatine. 
Numerous  gas  bubbles  are  noticed. 

37.  Cultivation  of  the  tetanus  bacillus  in  the  depth  of  grape  sugar  gelatine, 

six  days  old.    Copied  from  Frankel  and  Pf eiffer's  Atlas,  Plate  XXVII, 
fig.  55. 

38.  Cultivation  of  the  bacillus  of  symptomatic  charbon  in  the  depth  of  grape 

sugar  gelatine,  four  days  old.     Copied  from  Frankel  and  Pfeiffer's 
Atlas,  Plate  XXVIII,  fig.  57. 
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PLATE  XXX 

Fias. 

)9-46.  Cultivations  (stab)  in  gelatine  of  different  varieties  of  choleraic 
comma  bacilli.  All  the  cultures  have  been  incubated  for  nine  days  at 
20°  C.  The  amount  of  growth  and  the  amount  of  liquefaction  by  them 
of  the  gelatine  at  the  upper  part  of  the  stab  differ  in  the  different 
species. 
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Plates   XXXI-XXXIX  inclusive  are  from  drawings   by  Mr.  M.   11. 
Lapidgb. 


PLATE  XXXI 

Fig. 

47.  Plate  cultivation  in  gelatine  of  bacillus  anthracis,  after  three  days'  incuba- 
tion at  20°  C.  The  colonies  are  seen  in  transmitted  light  as  angular 
masses,  numerous  bundles  of  threads  passing  between  them.  Magnify- 
ing power,  10. 

49.  Plate  cultivation  of  the  bacillus  of  swine  fever,  seen  in  transmitted  light, 

after  twelve  days'  incubation  at  20°  C.  Each  colony  is  marked  as  a 
circular  or  slightly  irregular  patch  with  clear  centre.  Magnifying 
power,  10. 

50.  Colonies  of  the  glanders  bacilli  on  the  surface  of  agar,  seen  in  trans- 

mitted light  after  nine  days'  incubation  at  37°  C.  Each  colony  is  a 
flat  disc,  dark  granular  in  the  centre.     Magnifying  power,  10. 

51.  Colonies  of  the  bacillus  of  Middlesbrough  pneumonia,  on  the  surface  of 

gelatine,  seen  in  transmitted  light,  after  forty-eight  hours'  incubation 
at  20°  C.     Magnifying  power,  10. 
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PLATE  XXXII 

FlQ. 

52.  Colonies  of  the  bacillus  diphtherise  on  gelatine,  seen  in  transmitted  light, 

after  ten  days'  incubation  at  20°  C.     Magnifying  power,  10. 

53.  Same  after  three  weeks'  incubation.     Magnifying  power,  10. 

48.  Colonies  of  the  bacillus  of  fowl  enteritis  on  gelatine,  seen  in  transmitted 
light,  after  several  days'  incubation  at  20°  C.     Magnifying  power,  8. 

56.  Colonies  of  the  bacillus  diphtheria  on  the  slanting  surface  of  agar,  seen 
in  transmitted  light,  incubated  two  weeks  at  36-37°  C.  Natural  size. 
The  lithographic  representation  is  not  quite  correct,  the  centre  of  the 
colonies  being  less  knob-like,  as  here  represented,  and  more  yellow 
brown. 

61.  Streak  culture  on  gelatine  of  micrococcus  aurantiacus,  after  a  week's  in- 
cubation at  20°  C.     Natural  size. 
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PLATE   XXXIII 


TUBE  CULTIVATIONS,  NATURAL  SIZE,  SEEN  IN  REFLECTED  LIGHT 
Fig. 

54.  Colonies   of   the   glanders  bacillus  on  the  surface   of   agar,  after  nine 

days'  incubation,  at  37°  C. 

55.  Colonies  of  the  diphtheria  bacillus  on  agar,  after  two  weeks'  incubation. 

57.  Colonies   of  the  Middlesbrough  pneumonia   bacillus   on    gelatine,  one 

week's  incubation. 

58.  Colonies  of  the  bacillus  of  fowl  enteritis  on  gelatine,  one  week's  incuba- 

tion. 

59.  Colonies  of  the  typhoid  bacillus  of  Eberth-Gaffky  on  gelatine,  after  one 

week's  incubation. 

60.  Colonies  of  the  bacillus  of  grouse  disease  on  gelatine,  after  one  week's 

incubation. 


PLATE  XXXIV 

TUBE   CULTIVATIONS,  NATURAL  SIZE,  SEEN  IN  REFLECTED  LIGHT 

Fig. 

62.  Streak  culture  on  gelatine  of  the  bacillus  of  pork-pie  poisoning. 

63.  Streak  culture  on  agar  of  the  staphylococcus  aureus  (37°  C). 

64.  Streak  culture  of  bacillus  pyocyaneus  on  agar  (37°  C). 

65.  Streak  culture  on  gelatine  of  the  bacillus  of  Middlesbrough  pneumonia. 

66.  Streak  culture  on  gelatine  of  the  bacillus  diphtherise. 

67.  Streak  culture  on  agar  of  the  bacillus  prodigiosus  (20°  C). 


PLATE   XXXV 

TUBE  CULTIVATIONS,   NATURAL   SIZE,    SEEN  IN  REFLECTED  LIGHT 
Fig. 

68.  Surface  cultivation  on  glycerine  agar  of  the  tubercle  bacillus  after  five 

months  (37°  C). 

69.  Similar  cultivation  after  nine  months  (37°  C). 

70.  Stab  culture  in  gelatine  of  the  bacillus  of  Middlesbrough  pneumonia. 

71.  Stab  culture  in  gelatine  of  the  staphylococcus  albus  liquescens,  after  three 

days'  incubation,  at  20°  C. ;  liquefaction  of  the  gelatine  very  marked. 

72.  Stab  culture  in  gelatine  of  Finkler's  comma  bacillus  after  about  three 

days. 

73.  Stab  culture  in  gelatine  of  the  bacillus  pyocyaneus  after  three  days. 


PLATE   XXXVI 

TUBE  CULTIVATIONS,  NATURAL  SIZE,  SEEN  IN  REELECTED  LIGHT 

Pig. 

74.  Stab  culture  in  gelatine  of  the  bacillus  fluorescens  liquescens,  after  seven 

days. 

75.  Stab  culture  in  broth  gelatine  of  the  glanders  bacillus,  after  seventeen 

days'  incubation,  at  22°  C. 

76.  Same  after  twenty-three  days.  Slight  liquefaction  has  commenced  at  the 

upper  end  of  the  stab. 

77.  Stab  culture  in  gelatine  of  the  bacillus  of  swine  erysipelas,  after  fourteen 

days. 

78.  Stab   culture  in   gelatine  of   the  bacillus   anthracis,  after  seven  days. 

Liquefaction  has  commenced  at  the  upper  end  of  the  stab. 

79.  Same  after  fourteen  days.     Liquefaction  on  the  surface  is  more  pro- 

nounced. 
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PLATE  XXXYIl 

TVBE  CULTIVATIONS,  NATURAL    SIZE,  SEEN  IN  REFLECTED   LIGHT 

Fig. 

80.  Stab  culture  in  gelatine  of  bacillus  anthracis  after  seven  days.  Liquefation 

at  the  surface  has  commenced. 

81,  82,  83,  84,  and  85  are  stab  cultures  in  gelatine  of  different  varieties  of 

cholera  spirilla,  all  after  eight  days'  incubation,  at  20°  C.  They  all  show 
the  funnel-shaped  depression  on  the  surface,  and  in  all  liquefaction  of 
the  gelatine  is  proceeding  ;  but  the  amount  of  growth  and  the  rapidity 
of  liquefaction  are  different  in  the  different  varieties. 
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PLATE   XXXVIII 

TUBE  CULTIVATIONS,  NATURAL  SIZE,  SEEN  IN  REFLECTED    LIGHT 
Fie. 

86.  A  further  variety  of  the  cholera  spirilla,  belonging  to  the  series  shown 

in  Plate  XXXVII.     This  last  one  corresponds  to  the  one  described  by 
Koch. 

87.  Culture  on  potato  of  the  sarcina  lutea. 

88.  Culture   on  potato   of  a   bacillus   of  chronic   necrotic   deposit   in   the 

membrane  of  the  fauces  of  fowl. 

89.  Culture  on  potato  of  bacillus  prodigiosus. 

90.  Culture  on  potato  of  bacillus  of  glanders,  after  fourteen  days'  incubation.. 


PLATE  XXXIX 

POTATO  CULTURES  IN  TUBES,  NATURAL  SIZE,  SEEN  IN  REFLECTED 

LIGHT 

Fig. 

91.  Cultivation  of  bacillus  of  glanders,  after  twenty-six  days.    This  is  a  com- 

panion cultivation  to  that  shown  in  fig.  90  of  Plate  XXXVIII,  after 
fourteen  days'  incubation. 

92,  93,  94,  and  95.  Cultivations  on  potato  of  different  varieties  of  cholera 

spirilla. 

92  corresponds  to  the  variety  shown  in  gelatine  culture  86. 

93  corresponds  to  the  variety  shown  in  gelatine  culture  81. 

94  corresponds  to  the  variety  shown  m  gelatine  culture  83. 

95  corresponds  to  the  variety  shown  in  gelatine  culture  85. 
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PLATE   XL 

Pig. 

99.  Oidium  lactis,   mycelium,  and   spores.      Copied  from   Klein's  '  Micro- 

organisms and  Disease,'  fig.  114. 

100.  Saccharomyces  mycoderma  (after  Gravitz)  from  an  artificial  cultivation 

in  dilute  nutritive  material :  (d)  branched  mycelium;  (/)  a,  torula 
stage  ;  /?,  mycelial  stage.  Copied  from  Klein's  *  Micro-organisms  and 
Disease.' 

106.  From  a  section  through  the  kidney  of  a  rabbit  dead  thirty-six  hours  after 

the  injection  of  aspergillus  spores  into  the  jugular  vein  (after  Gravitz). 
T,  Tyrosin  crystals  ;  F,  fat  droplets.  In  the  upper  part  of  the  figure 
is  a  metastatic  focus,  composed  of  spores  and  mycelium,  numerous  fat 
droplets  amongst  them.  In  the  lower  part  the  uriniferous  tubules  and 
two  Malpighian  corpuscles  are  shown.  Copied  from  Klein's  '  Micro- 
organisms and  Disease,'  fig.  118. 

104.  Aspergillus  glaucus  (after  De  Bary).  A,  hypha.  At  the  end,  at  c,  it  bears 

st,  the  basidia  ;  as,  ascogonium. 

105.  E,  perithecium  ;  as,  ascogonium  ;  w,  cells  of  the  poUinodia.     Copied 

from  Klein's  '  Micro-organisms  and  Disease,'  figs.  116  and  117. 

107.  Saprolegnia  of  salmon  disease.      The  figure  represents  a  sporangium 

filled  with  zoospores ;  in  connection  with  it  are  several  young  mycelial 
threads,  marked  by  their  coarsely  granular  dark  protoplasm.  Copied 
from  Klein's  '  Micro-organisms  and  Disease,'  fig.  119. 
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PLATE   XLI 

Pia. 

101.  Herpes  fungus,   mycelium,   and   spores,   after    Gravitz,   copied   from 

Fliigge's  '  Mikroorganismen,'  fig.  17. 

108.  Mucor  corymbif er,  hyphse  and  sporangia,  after  bursting  of  the  membrane 
of  the  sporangia.  After  Lichtheim,  copied  from  Fliigge's  '  Mikroorgan- 
ismen,' fig.  21  h. 

98.  Torula  or  saccharomyces.  In  the  lower  part  of  the  figure  ascospores 
and  four  isolated  spores  (after  Kees)  are  shown.  Copied  from  Klein's 
'  Micro-organisms  and  Disease,'  fig.  112. 

102.  Penicillium  glaucum  :  (m)  mycelium  ;  from  it  rise  non-septate  hyphse 

bearing  at  their  ends  the  spores.  Copied  from  Fliigge's  'Mikro- 
organismen,' fig.  22. 

96.  Amoeba  coli  in   mucus   of   intestine.     Numerous  blood- corpuscles   and 

degenerated  epithelial  cells  are  also  seen.  After  Losch,  copied  from 
Leuckart's  '  Die  Parasiten  des  Menschen,'  I.,  1,  p.  285,  fig.  94. 

97.  Coccidium  oviforme  from  the  liver  of  rabbit  seen  550  times  magnified. 

c  to  g,  progressive  changes  during  the  formation  of  spores,  observed 
only  outside  the  animal  body.  Copied  from  Leuckart's  '  Die  Parasiten 
des  Menschen,'  I.,  1,  p.  256,  fig.  106. 
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PLATE  XLH 

This  plate  is  copied  from  Golgi,  Studien  iiber  Malaria,  *  Fortschritte  der 
Medicin,'  Bd.  IV,  Tafel  III. 


Fias. 

108-119  show  the  malaria  plasmodium  as  a  pale  amoeboid  body  inside  a 
red  blood  disc.  It  gradually  increases  in  size  at  the  expense  of  the 
substance  of  the  red  blood  disc :  in  116-119  it  has  become  conspicu- 
ously enlarged,  and  contains  masses  of  pigment  granules  derived  from 
the  haemoglobin. 

120-125  show  the  various  progressive  stages  in  the  process  of  the  cleavage 
of  the  Plasmodium  and  the  gradual  shifting  of  the  pigment  granules. 

126-131  show  the  completion  of  the  process  of  cleavage  and  the  final 
isolation  of  the  spores  ;  the  dark  granules  are  the  pigment  granules. 

132-138  are  oval  parasites— Laveran's  corpuscles,  from  atypical  cases  of 
malaria. 
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THE   NATUEAL  HISTOEY  OF   INFECTIOUS  DISEASES^ 

In  this  article  it  is  proposed  to  deal,  mainly  from  the  point  of  view  of 
natural  history,  with  some  of  the  more  important  of  that  class  of  diseases 
which  may  at  present  be  regarded  as  coming  within  the  domain  of  public 
health. 

The  following  is  a  list  of  the  diseases  about  to  be  considered,  taken  in  the 
order  in  which  they  are  given  by  the  Eegistrar-General : — 

Measles  Mumps  Malarial  Disease 

Eotheln  Diphtheria  Erysipelas 

Scarlet  Fever  Cerebro-spinal  Fever  Puerperal  Fever 

Typhus  Simple  Continued  Fever      Tuberculosis 

Eelapsing  Fever  Enteric  Fever  Croup 

Influenza  Cholera  Pneumonia 

Whooping  Cough  Diarrhcea  Yellow  Fever  ^ 

As  regards  history,  it  is  perhaps  sufficient  here  to  say  that  diseases  akin 
to  those  under  consideration  have  existed  from  very  early  times.  Some  of 
the  actual  diseases  in  question  are  indeed  clearly  referred  to  by  the  earliest 
medical  writers.  Historical  records  also  support  the  view  that  at  different 
periods  of  the  world's  history  the  diseases  most  conspicuously  affecting  man 
have  varied  in  type,  as  well  as  in  geographical  distribution  from  time  to 
time. 

Whatever  their  variations  and  whatever  their  distributions  in  space,  it 
will  be  generally  admitted  that  these  diseases  are  in  all  cases  due  to  the 
effects  upon  the  body  of  poisons  originally  introduced  from  without.  The 
precise  nature  of  these  poisons  can  of  course  only  be  finally  ascertained  by 
experiment,  though  in  this  matter  the  laboratory  investigator  must  work 
in  concert  with  the  epidemiologist,  each  supplying  the  other  with  indications 
for  further  observation  or  experiment. 

But  it  having  now  been  demonstrated  that  the  poisons  responsible  for 
the  causation  of  some  of  the  diseases  ha  question  are  bound  up  with  the  life 
processes  of  microphytic  organisms,  not  only  is  the  view  originally  based 
upon  clinical  and  epidemiological  considerations — that  the  diseases  of  this 
class  are  due  to  processes  allied  to  fermentation — completely  established  as 
regards  some  of  them,  but  very  strong  suggestion  arises  that  it  is  true  also 
of  the  whole  class  ;  indeed,  so  strong  is  the  probability  of  such  being  the 
case  that  we  are  justified  in  adopting  this  so-called  germ  theory  of  these 
diseases  as  an  hypothesis  deserving  to  be  put  to  the  test.     This  course  has 

1  The  use  of  the  term  '  infectious  '  as  a  class  name  for  these  diseases  is  no  doubt  open 
to  criticism,  since,  in  the  sense  in  which  it  is  popularly  understood,  it  can  hardly  be  said 
to  be  applicable  to  all  the  maladies  enumerated  above.  In  the  present  state  of  knowledge, 
however,  it  is  difficult,  probably  impossible,  to  find  a  claSs  name  which  is  at  the  same 
time  applicable  to  all  the  diseases  in  question,  and  free  from  the  objection  of  connoting 
etiological  views  at  present  unproved  as  regards  the  diseases  as  a  class. 

2  Yellow  Fever  is,  of  course,  not  included  in  the  mortality  statistics  of  the  Eegistrar- 
General. 
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been  very  generally  entered  upon  with  results  which,  so  far,  appear  entirely 
to  justify  the  procedure  ;  for  not  only  has  the  germ  theory  been  found  to  lend 
itself  in  a  remarkable  degree  to  the  explanation  of  the  observed  phenomena 
of  disease  of  this  sort,  but  the  labours  of  the  bacteriologist  are  day  by  day 
extending  the  area  of  demonstrated  association  between  microphytic  life  pro- 
cesses and  particular  human  and  animal  diseases.  It  is  true  that  closer 
study  of  these  microphytic  life  processes  has  led  to  some  modification  of  the 
germ  theory  as  originally  formulated,  in  the  sense  of  showing  that,  as  regards 
an  increasing  number  of  diseases,  the  pathogenic  influence  of  the  microphyte 
upon  the  body  is  indirect,  resulting  rather  from  the  action  of  certain  chemical 
poisons  formed  during  the  cycle  of  microphytic  Hfe  than  from  mere  multi- 
phcation  within  the  body  of  the  microphytes  themselves,  as  had  been 
formerly  supposed ;  and  still  further  modifications  of  the  germ  theory  will 
no  doubt  follow  with  increasing  knowledge.  Nevertheless  it  may  fairly  be 
said  that  the  whole  progress  of  research  has  tended  to  confirm  the  position 
of  the  microphyte  itself  as  in  one  or  other  way  the  cause  of  the  diseases  of 
this  class. 

It  is  necessary,  however,  to  state  that  the  expression  '  the  cause '  is  here 
used  in  the  popular  sense  only,  for  the  real  cause  of  any  effect  is  generally, 
if  not  always,  the  resultant  of  a  combuiation  of  causes.  That  in  the  present 
instance  this  point  is  one  of  practical  importance,  must  be  evident ;  and  a 
moment's  consideration  will  satisfy  anyone  that  in  the  production  of  disease 
many  highly  important  factors  are  operative  in  addition  to  the  microphyte 
itself ;  for,  although  the  microphyte  may  be  truly  described  as  an  essential 
element  in  the  cause,  it  is  none  the  less  true  that  for  the  effective  operation 
of  the  microphyte  certain  conditions  of  environment  are  also  requisite. 
Such  conditions  may  be  those  which  are  external  to  the  sufferer — e.g. 
cHmatic,  topographical,  or  domestic  ;  or  they  may  be  intrinsic  conditions — 
viz.,  peculiarities,  qud  susceptibility,  of  species,  sex,  age,  heredity,  and  tissue 
condition  of  the  individual. 

Any  attempt  to  unravel  the  problems  of  disease  origin  and  propagation 
must  take  account  of  these  several  conditions,  and  it  is  to  be  feared  that 
in  the  outburst  of  zeal  to  which  the  modern  study  of  bacteriology  has  given 
rise,  this  consideration  has  been  to  some  extent  overlooked ;  a  fact  which 
perhaps  accounts  for  the  nature  of  some  of  the  criticisms  to  which  'the 
microbe '  and  its  supporters  have  been  subjected  by  clinical  physicians  and 
students  of  practical  medicine. 

But  to  return  to  our  hypothesis.  The  occurrence  of  an  attack  of  one  of 
these  diseases  presupposes  the  operation  of  microphytic  hfe,  or  the  products 
of  microphytic  hfe,  upon  the  person  attacked,  and  the  question  arises, 
whence  came  the  microphyte  ?  Was  it  the  progeny  of  a  similarly  endowed 
parent,  or  did  it  arise  independently  of  such  parent  ? 

These  questions  at  once  open  up  two  conflicting  views  which  have  been 
extensively  held  as  regards  the  origin  of  the  more  infectious  of  the  diseases 
under  consideration.  On  the  one  hand,  the  frequency  with  which  such 
diseases  have  been  observed  to  spread  by  infection  from  case  to  case  has  led 
to  a  widespread  belief  in  infection  as  the  only  mode  of  their  origin  and 
dissemination.  And  this  view — which  implies  that  the  microphyte  is  always 
derived,  directly  or  indirectly,  from  a  pre-existing  case  of  disease — is  still 
the  orthodox  one  as  regards  certain  well-known  diseases.  On  the  other  hand, 
owing  to  the  fact  that  in  a  certain  proportion  of  instances  it  has  been  thought 
impossible  to  trace  fresh  attacks  of  a  given  disease  to  previous  cases,  and 
owing  also  to  certain  a  priori  considerations,  the  old  theory  of  spontaneous 
generation  has  at  different  times  been  revived  for  explanation  of  the  pro- 
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blem  of  disease  origin ;  and  it  has  been  held  by  some  that  the  microphytic 
causes  of  disease — although  often,  and  as  regards  some  diseases  usually, 
descended  from  parent  microphytes  of  like  kind — are  yet  at  times  capable  of 
arising  independently  of  such  parents. 

As  the  views  which  we  entertain  with  regard  to  these  and  allied  questions 
lying  at  the  root  of  the  problems  of  disease  origin  and  dissemination  must 
profoundly  influence  our  general  attitude  of  mind  towards  the  diseases  under 
consideration,  it  is  important  that  the  subject  should  be  considered  some- 
what closely.  It  is  proposed,  therefore,  to  inquire  how  far  either  of  the  two 
views  above  referred  to  is  in  accord  with  the  facts  and  indications  of  modern 
science. 

It  will  be  convenient  first  to  consider  the  spontaneous  generation  theory, 
or,  as  it  is  now  more  correctly  called,  the  de  novo  theory. 

The  suggestion  that  one  or  other  of  these  diseases  has  arisen  de  novo 
might  be  taken  to  contain  the  assumption  that  the  micro-organism,  either 
known  or  inferred  to  be  the  cause  of  such  disease,  has  been  originated  afresh, 
presumably  out  of  non-living  matter.  It  becomes  necessary,  therefore,  to 
ascertain  whether  there  is  any  foundation  for  such  a  belief  as  this,  and  for 
this  purpose  there  is  occasion  to  refer  to  the  general  doctrine  of  abiogenesis. 

That  the  origin  of  beings  whose  parental  descent  was  not  obvious 
should  have  been  ascribed  to  spontaneous  generation  is  not  surprising, 
•and  accordingly  we  find  that,  '  the  checks  which  experience  alone  can 
furnish  being  absent,  the  spontaneous  generation  of  creatures  quite  as 
high  as  the  frog  in  the  scale  of  being  was  assumed  for  ages  to  be  a  fact. 
Here,  as  elsewhere,  the  dominant  mind  of  Aristotle  stamped  its  notions  on 
the  world  at  large.  For  nearly  twenty  centuries  after  him  men  found  no 
difficulty  in  believing  in  cases  of  spontaneous  generation,  which  would  now 
be  rejected  as  monstrous  by  the  most  fanatical  supporter  of  the  doctrine.'  ^ 

One  by  one,  however,  these  beliefs  have  given  way  before  better  know- 
ledge, and,  as  Sir  Joseph  Lister  remarks,  '  the  doctrine  of  spontaneous  or 
equivocal  generation  has  been  chased  successively  to  lower  and  lower 
stations  in  the  world  of  organised  beings  as  our  means  of  investigation  have 
improved.'  ^  These  results  of  progressive  investigation  naturally  incline  us 
to  regard  all  phases  of  the  abiogenesis  theory  with  grave  suspicion,  and  to 
.anticipate  that  future  additions  to  our  knowledge  will  still  further  support 
the  view  expressed  in  the  formula  omne  vivum  ex  vivo.  But  the  modern 
doctrine  of  evolution  has  been  considered  by  some  to  put  a  different 
aspect  upon  the  matter.  It  has  been  argued  that  though  according  to  that 
doctrine  in  its  wider  sense  the  various  forms  of  hfe  existing  upon  the  globe 
owe  their  existence  to  unbroken  parental  descent  from  the  lowest  forms  of 
life,  these  lowest  forms  of  life  must  themselves  have  arisen  at  some  time  or 
other,  and  of  necessity,  from  non-living  matter.  And  if  once,  why  not  again  ? 
It  has  been  further  pointed  out  that  '  those  who  strictly  adhere  to  the 
Evolution  Hypothesis  could  never  believe  in.  the  origination  of  any  but  the 
"lowest  and  simplest"  organic  forms  by  a  process  of  Archebiosis.  So  that 
the  gradual  driving  of  the  question  back  as  one  possibly  applicable  to  such 
organisms  only,  is  just  what  the  Evolutionist  would  have  expected,  ...'** 
As  a  purely  abstract  criticism  upon  the  historical  argument  this  at  first  sight 
appears  to  have  weight,  but  when  it  is  applied  to  the  concrete  aspect  of  the 
question  it  loses  point.  For  although  it  may  of  course  be  true  that  all 
existing  forms  of  life  are  descended  from  the  lowest  forms  of  living  matter, 

'  "  Spontaneous  Generation."     Tyndall's  Fragments  of  Science,  ii.  292. 

*  Introductory  Address  (University  of  Edinburgh),  1869,  p.  12. 

*  Evolution  and  the  Origin  of  Life,  p.  29.    By  H.  Charlton  Bastian,  M.D.,  F.B.S. 
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and  that  such  again  were  originally  evolved  from  non-living  matter,  what 
are  the  grounds  for  assuming  that  the  particular  forms  of  life,  such  as  the 
bacteria,  with  regard  to  which  it  has  been  endeavoured  to  establish  a  de 
novo  origin,  do,  as  a  matter  of  fact,  constitute  the  lowest  forms  of  Hving 
matter  ?  On  the  contrary,  may  not  the  decided  variations  in  function  which 
they  exhibit  fairly  be  regarded  as  indicating  a  considerable  degree  of  com- 
plexity of  structure,  notwithstanding  that  such  complexity  may  not  be 
recognisable  by  any  means  as  yet  at  our  disposal  ? 

Furthermore,  it  would  appear  that  the  abstract  discussion  of  this  matter 
upon  evolution  principles  by  no  means  necessarily  favours  the  doctrine  of 
abiogenesis.  Not  only  are  there  no  sufficient  grounds  for  supposing  that  we 
have  yet  found  the  lowest  possible  form  of  life — '  the  first  organism  '  which 
has  been  assumed  by  some  to  be  a  necessity — but,  as  Mr.  Herbert  Spencer 
remarks, '  the  conception  of  a  "  first  organism  "  in  anything  like  the  current 
sense  of  the  words  is  wholly  at  variance  with  the  conception  of  evolution. 
.  .  .  The  affirmation  of  universal  evolution  is  in  itself  the  negation  of  an 
"  absolute  commencement"  of  anything.  Construed  in  terms  of  evolution, 
every  kind  of  being  is  conceived  as  a  product  of  modifications  wrought  by 
insensible  gradations  on  a  pre-existing  kind  of  being ;  and  this  holds  as 
fully  of  the  supposed  "  commencement  of  organic  Ufe "  as  of  all  subse- 
quent developments  of  organic  life.  It  is  no  more  needful  to  suppose  an 
"  absolute  commencement  of  organic  life  "  or  a  "  first  organism  "  than  it  is 
needful  to  suppose  an  absolute  commencement  of  social  life  and  a  first  social 
organism.  The  assumption  of  such  a  necessity  in  this  last  case  made  by 
early  speculators  with  their  theories  of  "  social  contracts  "  and  the  like,  is 
disproved  by  facts ;  and  the  facts,  so  far  as  they  are  ascertained,  disprove 
the  assumption  of  such  a  necessity  in  the  first  case.'  ^ 

It  thus  appears  that  the  doctrine  of  evolution,  according  at  least  to  one 
of  its  most  distinguished  exponents,  gives  no  d  priori  support  to  the  notion 
of  the  de  novo  origin  of  any  organisms  properly  so  called,  much  less  of 
organisms  such  as  those  upon  which  certain  diseases  are  known  to  depend — 
i.e.  organisms  capable  of  being  identified  and  of  propagating  their  kind.  Of 
course  it  might  be  urged,  as  indeed  it  has  been  urged,  that  time  like  all  else 
is  relative ;  that  an  interval  which  to  us  is  but  a  short  period  represents 
perhaps  £eons  of  time  in  the  life  history  of  lower  organisms,  and  that  there- 
fore the  evolution  of  living  organisms  out  of  non-living  organic  matter  may 
be  accomplished  in  a  few  hours  or  a  few  days. 

However  this  may  be,  there  appears  sufficient  experimental  evidence  to 
show  that,  whether  or  not  organisms  of  the  class  we  are  discussing  may  be 
mentally  conceivable  as  arising  de  novo  in  a  short  space  of  time,  they  do 
not  as  a  matter  of  fact  now  so  arise.  And  this  brings  us  to  the  gist  of  the 
matter.  The  whole  question  is  one  which  must  be  decided  by  a  balance 
of  evidence  accumulated  by  long-continued  observation  and  experiment. 
Judged  by  this  test  we  have  in  the  experiments  of  Pasteur,  Tyndall,  and 
others,  and  in  the  successful  application  of  the  teaching  of  such  experiments 
to  the  practical  arts,  an  overwhelming  mass  of  testimony  against  spontaneous 
generation.  It  has  been  shown  that,  if  properly  sterilised  and  protected 
against  accidental  germ  contamination,  putrescible  substances  may  be  kept 
without  alteration  for  indefinite  periods  of  time  ;  though  putrefaction  may  be 
at  once  set  up  in  such  substances  by  the  simple  device  of  admitting  to  them 
a  germ-charged  atmosphere.  AU  along  the  line,  in  fact,  experimentation  has 
gone  to  show  that  there  is  no  life  apart  from  antecedent  life.   Whatever,  there- 

'  Principles  of  Biology,  vol.  i.,  Appendix. 
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fore,  may  have  been  the  origin  of  Hfe,  the  conclusion  seems  forced  upon  us 
alike  by  observation  and  experiment,  that  in  the  present  day  there  is  no  life 
in  the  sense  of  anything  which  could  with  any  propriety  be  described  as  a 
living  being  or  organism  which  has  not  descended  from  antecedent  life. 

How  far  this  conclusion  negatives  the  possibility  of  a  de  novo  origin 
of  disease  as  disease  will  be  presently  seen.  For  it  has  to  be  noted  that 
epidemic  diseases,  as  we  observe  them,  are  simply  the  manifestations  exhibited 
by  man  or  other  animal  of  the  operation  of  certain  poisons  which  we  assume 
to  be  bound  up  with  micro-organisms.  And  conditions  may  easily  be 
imagined  which  would  give  rise  to  an  apparent  or  even  a  real  de  novo  origin 
of  disease  independently  of  any  de  novo  origin  of  bacteria. 

To  summarise  the  point  reached  :  We  have  inferred,  provisionally,  from 
what  we  already  know  of  certain  of  these  diseases,  as  well  as  from  the 
general  direction  of  bacteriological  research,  that  all  the  diseases  under  con- 
sideration are  due  to  microphytic  life  processes  ;  and  we  have  further  seen 
no  reason  to  doubt  that  the  microphytes  upon  which  these  diseases  depend 
are  invariably  descended  from  parent  microphytes,  and  that,  therefore, 
nothing  of  the  nature  of  a  true  de  novo  origin  occurs  so  far  as  the  micro- 
phytes themselves  are  concerned. 

Having  now  sufficiently  cleared  the  ground  by  a  review  of  the  theory 
of  de  novo  origin  of  the  germs  of  disease,  we  may  go  on  to  consider  the 
thesis  which,  in  the  absence  of  '  spontaneous  generation '  of  disease  germs, 
has  been  regarded  by  some  as  the  only  alternative — namely,  the  unbroken 
continuity  of  disease  descent  from  antecedent  cases.  This  doctrine,  signify- 
ing, as  it  seems  to  do,  belief  that  every  single  case  of  each  of  the  diseases  in 
question  is  the  progeny,  so  to  speak,  of  an  antecedent  case  of  the  same 
disease,  is  one  of  little  elasticity.  In  so  far,  indeed,  as  certain  of  these 
diseases  affect  the  lower  animals  as  well  as  man,  the  antecedent  case  of 
a  given  sample  of  such  disease  need  not  be  a  human  case  ;  but  as  regards 
others,  which  are  held  to  exclusively  affect  man,  the  antecedent  case  must 
be  sought  in  the  human  subject  alone.  But  we  now  see  difficulties  in  the 
way  of  this  thesis,  and  hence  arises  occasion  for  reconsideration  of  the 
subject  from  the  point  of  view  which  regards  the  microphytes  upon  which 
these  diseases  depend  as  invariably  descended  from  parent  microphytes. 

Although  it  is  no  doubt  true  that  some  of  the  disease  microphytes  now 
in  question,  though  capable  (whether  as  bacteria  or  as  spores)  of  existing 
in  a  latent  condition  outside  the  body  for  considerable  periods  of  time,  may 
yet  be  incapable  of  passing  through  their  life  cycle,  including  of  course  pro- 
liferation, except  in  human  living  tissue — so  that  diseases  due  to  such  microbes 
usually  arise  (in  the  present)  by  direct  or  indirect  infection  from  a  previous 
human  case  of  the  same  disease — we  nevertheless  know  that  there  are 
microphytes,  causative  of  disease,  which  are  capable  of  thriving  and  multiply- 
ing either  upon  human  or  other  animal  tissues  ;  and  that  there  are  others 
again  which  have  their  habitat  largely  outside  the  living  body,  either  human 
or  animal,  and  are  capable  of  thriving  and  multiplying  upon  non-Hving 
organic  matter. 

Accordingly,  to  affirm  the  continuity  of  life,  from  generation  to  generation, 
of  the  microphytic  causes  of  disease,  is  by  no  means  the  same  thing  as  to  allege 
that  human  diseases  descend  in  a  continuous  series  from  human  case  to  human 
case.  For  instance,  with  respect  to  a  particular  species  of  pathogenic  micro- 
organism capable  of  preying  either  upon  human  and  other  animal  hosts, 
and  of  thus  giving  rise  to  a  disease  intercommunicable  between  man 
and  other  animals,  it  is  obvious  that  although  the  micro-organisms  them- 
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selves  would,  according  to  the  view  here  adopted,  descend  in  a  continuous 
series  from  antecedent  parent  organisms,  yet  the  cases  of  human  disease 
dependent  upon  such  organisms  would  not  necessarily  follow  in  a  continuous 
series  from  human  case  to  human  case. 

But  we  may  go  farther  than  this.  It  is  evident  that  a  given  attack  of 
disease  might  be  due  to  the  action  of  microbes  which,  although  not  developed 
de  novo,  had  yet  descended  from  a  particular  strain  of  microbes  that  had 
not,  for  a  number  of  generations,  found  a  habitat  either  in  human  or  other 
animal  bodies,  though  their  remote  ancestors  might  have  done  so  or  might 
not.  In  such  an  instance  the  disease  would  practically  have  for  man  a  new 
beginning  so  far  as  this  particular  occurrence  of  it  is  concerned.  The 
question  therefore  whether  diseases  do  or  do  not  descend  in  a  continuous 
series  fr'om  antecedent  cases  is  one  which  must  be  worked  out  separately,  as 
regards  each  disease,  by  a  study  both  of  the  epidemiological  behaviour  of 
different  diseases  and  the  life  history  of  the  particular  microphytes  upon 
which  such  diseases  depend. 

So  far,  however,  the  matter  has  been  discussed  as  though  pathogenic 
property  remained  a  constant  quantity  for  each  species  of  micro-organism, 
and  throughout  the  life  cycle  of  each  individual  micro-organism.  But  we 
are  by  no  means  assuming  this  either  as  regards  the  individual  or  the  species, 
and  many  facts  pointing  to  an  opposite  conclusion  might  be  cited.  It  is 
notorious,  for  instance,  that  very  considerable  variations  both  of  severity  and 
type  are  observed  between  different  epidemics  of  the  same  disease,  and  even 
between  different  stages  of  one  and  the  same  epidemic.  Such  variations, 
too,  at  times  occur  under  circumstances  which  seem  to  render  it  improbable 
that  they  are  due  to  corresponding  variations  in  the  conditions  of  the  com- 
munities affected,  and  we  thus  seem  led  to  the  view  that  differences  of 
severity  and  type  are  likely  to  be  due  to  variations  from  time  to  time  occurriug 
ia  the  pathogenic  property  of  the  same  species  of  micro-organism. 

And  besides  the  variations  observed  in  epidemics  as  a  whole  there  are 
commonly  considerable  differences  both  of  severity  and  type  between  different 
individual  cases  of  a  given  disease  during  a  particular  epidemic  ;  and  although 
such  individual  differences  are  no  doubt  more  largely  due  than  in  the  former 
case  to  personal  differences  of  the  people  attacked,  and  probably  also  to 
differences  in  the  dose  of  the  virus  received,  yet  they  may  be  in  part  due  to 
differences  of  pathogenic  property  of  one  and  the  same  species  of  microbe. 

Now  differences  in  the  pathogenic  property  of  micro-organisms  of  the 
same  species  may  from  time  to  time  doubtless  result  from  a  variety  of  causes, 
among  which  temperature,  moisture,  hght,  and  other  factors,  probably  have 
important  influence.  But  there  would  appear  to  be  other  causes,  and  it  is 
to  these  that  it  seems  desirable  here  to  refer.  It  is  weU  known  that  the 
pathogenic  property  of  certain  microbes  varies  largely  according  to  the 
soil  in  which  they  are  sown — accordingly,  for  instance,  as  they  are  culti- 
vated in  the  body  of  one  or  another  kind  of  animal.  This  would  suggest 
that  outside  as  well  as  within  the  laboratory  the  pathogenic  property  of 
micro-organisms  that  prey  ahke  upon  man  and  other  animals  may  be 
modified  from  time  to  time  by  the  '  soil '  of  the  particular  class  of  animal 
they  chance  to  invade.  And,  further,  as  different  species  of  animals  seem 
to  differ  in  their  influence  upon  the  pathogenic  property  of  some  micro-organ- 
isms, so  possibly  may  different  individuals  of  the  same  species  differ  ;  and 
certain  individuals,  having  become  infected,  may  be  thought  of  as  handing 
on  the  virus  to  others,  either  in  a  relatively  attenuated  or  more  potent  form 
than  that  in  which  they  themselves  received  it.  Considerations  of  this  kind 
may  perhaps  supply  the  key  to  the  explanation  of  some  of  the  differences  ob- 
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served  in  the  severity  and  type  of  different  epidemics  and  different  cases  of  the 
same  epidemic.  And,  indeed,  it  is  easily  conceivable  that  the  influence  of 
the  hosts  upon  the  pathogenic  function  of  micro-organisms  may  be  capable 
of  originating  actually  new  varieties  of  disease. 

It  may  be  asked  whether  the  pathogenic  property  of  some  micro-organisms 
may  not  be  a  function  which  has  become  superadded,  so  to  speak,  to  micro- 
organisms originally  saprophytic,  as  a  result  of  their  having  gradually 
acquired  ability  to  thrive  upon  animal  hosts.  Or,  indeed,  whether  all  patho- 
genic parasites  may  not  have  descended  from  saprophytes  by  a  process  of 
adaptation  to  environment.^  It  is  so  far  consistent  with  this  view  that 
there  is  no  sharp  line  of  demarcation  between  the  saprophytes  and  the 
parasites,  and  we  should  anticipate  that  in  the  struggle  for  existence  such 
microphytes  as  were  capable  of  adapting  themselves  to  new  envu'onmenta 
would,  in  surviving,  undergo  variation.  There  would  seem  no  reason 
therefore  why  the  pathogenic  function  should  not  have  been  in  the  first 
instance  acqmred,  and  subsequently  from  time  to  time  modified  in  this  way. 
If  this  should  be  so,  the  evolutionary  changes  of  micro-organisms  might 
afford  very  considerable  possibilities  as  regards  disease  variation,  and  even 
disease  origin,  altogether  apart  from  any  '  spontaneous  generation  '  of  disease 
germs.  For,  although  disease  germs  of  the  more  highly  specialised  sorts 
must  doubtless  be  expected  to  exhibit  a  relatively  high  degree  of  constancy 
as  regards  pathogenic  property,  others,  less  specialised,  would  probably  in 
this  respect  be  subject  to  considerable  variation,  either  in  the  direction  of 
increasing  capacity  for  production  of  pathogenic  material,  or  of  reversion 
toward  innocence  of  function  in  this  respect. 

In  view  of  the  criticism  that  evolutionary  changes  would  be  expected  to 
occupy  longer  periods  of  time  than  seems  to  be  here  contemplated,  it  has  to 
be  borne  in  mind  that  the  evolution  now  suggested  is  one  of  function  rather 
than  a  decided  morphological  evolution.  And  although,  as  wiU  be  pointed 
out  presently,  many  micro-organisms  may  be  remarkably  stable,  both  patho- 
genically  and  morphologically,  it  has  been  shown  under  artificial  conditions 
in  the  laboratory  that,  as  a  matter  of  fact,  the  functions  of  others  may 
undergo  considerable  modification  in  comparatively  short  periods  of  time — 
and  modifications  so  lasting  as  to  be  transmitted  by  heredity.^ 

The  foregoing  considerations  serve  to  illustrate  some  of  the  senses  in 
which  a  de  novo  origin  of  disease  may  still  be  contemplated  as  a  possibility 
without  any  departure  from  the  doctrine  of  '  no  Hfe  without  antecedent  hfe,' 
as  applied  to  the  microphytic  causes  of  disease. 

To  recapitulate.  It  seems  that  although  diseases  due  to  highly  specialised 
obligate  parasites  whose  life  processes  are  dependent  upon  residence  in  a 
human  host  probably  always  descend  from  antecedent  cases  of  the  same 
disease,  there  are  yet  possible  ways  m  which,  independently  of  any  '  spon- 
taneous generation '  of  microbes,  other  diseases  might,  in  one  or  another 
sense,  be  said  to  have  a  new  beginning  for  human  beings. 

Illustrations,  which,  however,  do  not  profess  to  be  exhaustive  of  such  ways, 
are  as  follows  : — 

1.  Human  disease  due  to  a  microbe  capable  of  thriving  upon  the  tissues 

1  See  Dr.  Louis  Parkes'  paper  on  '  The  Eelations  of  Saprophytic  to  Parasitic  Micro- 
organisms,' Trans.  Epidem.  Soc.  1891. 

-  See  Dr.  Sims  Woodhead's  paper  on  '  The  Eelation  of  Modification  of  Function  of 
Micro-organisms  to  the  Virulence  and  Spread  of  Specific  Infective  Diseases  '  {Trans. 
Epidem.  Soc.  vol.  x.,  N.S.,  1890-91).  In  connection  vdth  variations  in  virulence  of 
infectious  diseases,  Dr.  Woodhead  refers  expressly  to  modification  of  '  function  '  of  micro- 
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either  of  man  or  of  other  animals,  might  in  passing  from  lower  animals  to 
man,  seem  to  have  a  new  beginning  for  man  in  that  it  would  be  untraceable 
to  previous  human  disease. 

2.  Human  disease  dependent  upon  a  microbe  capable  of  thriving  either 
upon  man,  or  altogether  independently  of  living  human  or  animal  bodiea 
— as,  for  instance,  on  living  vegetable  or  dead  animal  or  vegetable  matter — ■ 
might  also,  when  this  microbe  again  attacked  man  after  a  more  or  less  pro- 
longed saprophytic  existence,  have  a  new  begmning  for  man. 

3.  Should  a  microbe,  already  pathogenic,  be  capable  under  the  influence 
of  particular  environment  of  still  further  evolving  pathogenically,  a  new 
variety  of  disease  might  be  expected  to  arise ;  and  in  this  way  a  definite 
disease  might  arise  from  an  indefinite  malady. 

4.  Should  a  saprophytic  organism  be  capable  in  certain  environments  of 
acquiring  pathogenic  property,  an  entirely  new  disease  might  arise,  and  in 
this  way  a  new  and  definite  disease  would  have  de  novo  origin. 

In  so  far,  therefore,  as  the  suggestions  put  forward  have  been  vahd,  it 
would  appear  that  the  question,  in  perhaps  its  most  important  aspect,  is  not 
one  of  '  spontaneous  generation  '  but  of  evolution.  And  while  '  spontaneous 
generation  '  seems  more  than  ever  untenable,  evolution  in  connection  with 
epidemic  diseases,  or  more  strictly  their  causes,  is  day  by  day  forcing  itself 
more  prominently  upon  our  consideration.  The  older  notion  of  the  absolute 
immutability  of  species  being  now  indefensible,  we  cannot  fail  to  be  impressed 
by  the  variations  from  time  to  time  exhibited  by  epidemic  diseases  ;  varia- 
tions so  considerable  as  to  render  the  classification,  even  at  times  of  whole 
epidemics,  and  frequently  of  individual  cases,  an  impossibility,  except  in 
a  most  provisional  and  tentative  way.  It  would  seem,  too,  that  the  fixity 
of  type  of  different  diseases  differs  in  degree,  a  circumstance  which  may  not 
unreasonably  be  looked  upon  as  pointing  to  a  gradual  speciaHsation  of  the 
causes  of  disease  by  a  process  of  evolution.  Again,  we  observe  that  certain 
diseases  possess  points  of  similarity  to  one  another,  and  this  we  are  now  able 
to  regard  as  suggestion  of  descent  from  a  common  stock.  All  these,  however, 
are  matters  rather  for  future  investigation. - 

In  the  meantime  it  must  be  pointed  out  that  in  differentiating  "'  diseases ' 
from  one  another  there  is  need  for  caution ;  and,  looked  at  in  the  light  of 
the  germ  theory  and  of  evolution,  it  may  be  questioned  whether,  in  some 
instances,  differentiation  has  not  already  been  carried  too  far.  For  the  mark- 
ing off  of  a  disease  as  distinct  and  separate  from  others  implies  that  it  is  due 
to  a  distinct  and  separate  cause — i.e.  from  the  point  of  view  here  adopted  a 
distinct  species  of  organism.  But  as  regards  many  of  the  epidemic  diseases  it 
cannot  for  a  moment  be  said  that  this  is  established.  It  has  to  be  remembered 
that  what  we  call  '  a  disease  '  is  not  a  specific  entity,  but  a  mental  conception 
based  upon  a  rough  average  of  certain  morbid  manifestations  of  bodily  func- 
tion and  structure,  frequently  observed  to  occur  in  combination,  and  there- 
fore assumed  to  be  due  to  a  separate  cause.  But  there  is  obviously  danger 
of  attributing  to  separate  causes  effects  which,  although  superficially  different, 
may  be  nevertheless  due  to  the  same  cause  acting  under  different  conditions. 
It  is,  for  instance,  held  by  some  that  this  error  has  been  committed  in  the 
case  of  membranous  croup  and  diphtheria,  and  further  knowledge  may  show 

organisms,  remarking  that  '  it  will  at  once  be  accepted  that  the  delicate  metabolic  changes 
in  an  organism  are  almost  invariably  brought  into  prominence  long  before  the  coarser 
morphological  modifications  can  be  observed.' 

'  See  a  paper  on  '  Specificity  and  Evolution  in  Disease,'  by  Dr.  W.  J.  Collins.  London 
1884 ;  also  a  further  paper  by  Dr.  Collins  on  the  same  subject  in  Public  Health,  October 
1889. 
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it  to  have  occurred  with  regard  to  various  other  diseases,  as,  for  instance, 
certain  forms  of  diarrhoea  and  enteric  fever.  Indeed,  we  have  yet  to  learn 
that  some  of  the  diseases  which,  though  ahke  in  kind,  differ  in  malignity, 
and  which  are  now  regarded  as  due  to  different  species  of  organisms,  are  not 
in  reality  due  to  different  biological  phases  of  organisms  of  the  same  species. 
In  building  up  an  opinion  as  to  the  separate  nature  of  any  disease,  not  only 
its  clinical  features,  but  all  ascertained  facts  relating  to  its  natural  history, 
must  be  fully  taken  into  account.  Its  period  of  incubation,  duration,  period 
of  infectiveness,  complications,  sequelae,  conditions  of  occurrence,  modes  of 
dissemination,  relations  (of  coexistence,  &c.)  to  other  diseases,  and  particu- 
larly its  age  and  seasonal  incidence  and  geographical  distribution,  must  be 
carefully  compared  with  similar  facts  as  to  other  maladies. 

But  a  caution  of  another  character  must  be  offered.  If  it  is  necessary  to 
abandon  the  notion  of  the  absolute  immutability  of  diseases,  it  is  of  the 
utmost  importance  to  avoid  falling  into  the  opposite  error  of  underestimating 
the  relative  fixity  of  type  which  some  of  them  have  evidently  acquired. 
And  there  is  nothing  whatever  in  the  suggestions  put  forward  as  to  the 
possibility  of  variations  in  existing  types  of  disease  occurring  as  a  result  of 
variation  of  function  of  their  microphytic  causes,  or  of  the  possibility  of 
entirely  new  diseases  arising  from  the  evolution  of  saprophytic  into  parasitic 
bacteria,  in  the  least  degree  justifying  the  conclusion  that  all  existing 
epidemic  diseases  may  have  a  present  day  origin  of  some  such  kind. 
Certain  diseases  may,  as  previously  pointed  out,  and  doubtless  do,  depend 
upon  highly  specialised  obligate  parasites,  incapable  now  of  thriving  except 
in  the  tissues  of  human  hosts.  Such  organisms,  though  themselves  a  product 
of  evolution,  may  have  been  evolved  in  the  remote  past  under  conditions  of 
environment  never  since,  and  perhaps  never  again  to  be,  reproduced. 

Notwithstanding,  therefore,  that  all  pathogenic  micro-organisms  are  doubt- 
less— especially  as  regards  their  pathogenic  function — subject,  from  time  to 
time,  to  minor  variations  within  the  limits  of  the  species,  yet  many  species 
of  such  organisms  may  have  long  since  attained  a  high  degree  of  fixity  of 
type,  and  thus  exhibit  now  but  Httle  tendency  to  variation  beyond  such  Umits. 
That  such  is  actually  the  case  with  regard  to  the  microphytic  causes  of 
some  of  the  diseases  under  consideration  there  seems  ample  epidemiological 
evidence  to  show. 

In  this  connection  it  is  important  to  note  that  occasional  difficulty  in 
tracing  particular  attacks  of  a  given  disease  to  previous  cases  is  far  from 
justifying  hasty  conclusion  that  such  attacks  have  had  an  independent  origin. 
The  probability  of  such  being  the  case  must  depend  upon  a  comprehensive  view 
of  the  ascertained  facts  with  regard  to  the  disease  in  question — at  least,  that  is, 
pending  definite  knowledge  of  the  life  history  of  the  microphyte  upon  which 
the  disease  depends.  The  multifarious  ways  in  which  infection  may  have 
been  carried,  and  the  difficulty  of  tracing  its  carriage  by  many  such  ways, 
must  be  fully  taken  into  account.  Allowance  must  also  be  made  for  errors 
of  diagnosis,  untreated,  and  concealed  cases,  which  largely  add  to  the  diffi- 
culty of  following  out  the  causal  association  between  successive  and  connected 
attacks.  If  this  difficulty  is  met  with  in  the  early  cases  of  an  outbreak, 
the  possibility  of  tracing  back  the  outbreak  to  some  previous  prevalence  in  a 
more  or  less  remote  neighbourhood,  to  which  it  may  in  reality  have  been 
due,  is  entirely  prevented. 

Moreover,  the  presumption  that  a  disease  never  in  the  present  day  arises 
except  as  a  result  of  infection,  or  inoculation,  from  a  previous  case  of  the 
same  disease,  will  certainly  be  strengthened  if  it  should  be  ascertained  that 
the  disease  in  question  did  not  occur  in  certain  districts  until  introduced  from 


252  HYGIENE 

without ;  or,  if  having  once  been  prevalent  in  such  districts,  it  should  have 
entirely  disappeared  after  measures  for  the  prevention  of  its  spread  by 
infection  or  inoculation,  and  for  the  prevention  also  of  its  reimportation,  had 
been  taken.  Measles  and  rabies  may  be  mentioned  as  instances  in  which 
these  two  arguments  respectively  must  be  allowed  as  having  considerable 
weight. 

Having  now  considered  some  of  the  aspects  of  the  problem  of  disease 
origin,  certain  other  general  matters  connected  with  the  class  of  diseases 
under  consideration  must  be  discussed. 

Diseases  may  he  Epidemic,  Pandemic,  or  Endemic. — As  regards  their 
more  general  manifestation  the  diseases  now  being  dealt  with  are  usually 
described  as  either  epidemic,  pandemic,  or  endemic. 

The  terms '  epidemic '  and  '  pandemic '  respectively  signify  the  tendency  of 
diseases  to  spread  more  or  less  rapidly  in  a  given  community  or  over  a  vast 
area  of  the  world's  surface,  in  either  case  with  a  large  indifference  to  local 
circumstances.  In  this  aspect,  therefore,  the  distinction  between  epidemic 
and  pandemic  disease  is  one  of  degree.  The  term  '  endemic '  signifies  that  a 
disease  tends  specially  to  abide  among  the  inhabitants  of  a  particular  locality, 
and  is  therefore  presumably  largely  governed  by  local  conditions. 

In  the  present  day  these  distinctions  are  being  somewhat  reduced  in 
importance,  since  study  of  the  geographical  distribution  of  disease  appears 
to  show  that  epidemic,  and  even  perhaps  pandemic,  diseases  have  a  prefer- 
ence for  certain  areas  ;  while,  on  the  other  hand,  increasing  knowledge  of  so- 
called  endemic  diseases  is  giving  greater  prominence  to  the  epidemic  character 
of  some  of  them,  as,  for  instance,  cholera.  In  so  far,  however,  as  diseases 
do  display  one  or  other  of  the  characters  mentioned,  the  probable  explanation 
would  seem  to  be  that  epidemic  and  pandemic  diseases  are  due  to  microbes 
which  especially  thrive  and  multiply  in  living  animal  tissues,  whereas  endemic 
diseases  are  for  the  most  part  due  to  microbes  whose  habitat  is  more 
largely  outside  human  and  animal  bodies,  and  therefore  more  influenced  by 
local  circumstances. 

Diseases  may  spread  by  Infection,  Contagion,  or  Inoculation. — With 
reference  to  the  manner  in  which  they  are  communicated  from  one  individual 
to  another,  these  diseases  are  also  frequently  spoken  of  as  infectious,  con- 
tagious, or  inoculable.  The  three  terms  equally  imply  the  transmission  of 
infective  material  from  one  person  or  animal  suffering  from  a  given  disease 
to  some  other  person  or  animal  in  whom  the  disease  in  question  becomes 
thereby  established.  But  they  also  are  intended  to  indicate  distinctions  as 
to  the  methods  by  which  such  transmission  is  effected,  and  the  means  by 
which  the  poison  gains  access  to  the  system  of  the  recipient.  In  the  case 
of  inoculation  the  poison  is  conveyed,  either  directly  by  actual  contact  with 
the  diseased  body,  or  indirectly  by  the  agency  of  some  surgical  instrument 
or  other  article,  from  the  person  or  animal  affected  to  the  person  or 
animal  previously  unaffected,  and  gains  access  to  the  system  of  the  latter 
through  some  breach  of  surface  in  the  skin  or  mucous  membrane.  Con- 
tagion, on  the  other  hand,  means  transmission  of  the  poison  by  actual 
contact,  but  without  any  initial  breach  of  surface  in  the  recipient ;  while 
infection  refers  to  conveyance  of  the  poison  in  a  more  indirect  way  through 
the  medium  of  air,  water,  soil,  food,  clothing,  letters,  &c.,  and  its  entrance  to 
the  system  of  the  recipient  through  one  of  the  mucous  tracts,  or  possibly 
even  through  the  skin,  but  in  either  case,  again,  without  any  decided  breach 
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of  surface.  These  terms  are  useful  as  broadly  indicating  different  modes  by 
which  disease  transmission  may  occur,  but  care  must  be  exercised  in  apply- 
ing them  as  exclusive  modes  of  dissemination  to  the  different  diseases,  or  in 
basing  disease  classifications  upon  them.  Certain  infections  are,  so  far  as 
we  know,  only  capable  of  being  transmitted  by  inoculation,  but  others,  in 
which  inoculation  is  the  normal  method  of  communication,  are  said  to  be 
also  capable  of  being  inhaled.  Further,  some  diseases  are  both  infectious 
and  inoculable. 

In  the  present  day  the  tendency  is  to  discourage  the  use  of  the  term 
'  contagious,'  but  if  kept  within  proper  limits,  it  should  still  have  a  legitimate 
application,  and  there  appear  no  sufficient  grounds  for  banishing  it  ^  from 
medical  literature.  There  is  a  real  distinction  between  the  transmission  of 
a  disease  by  actual  contact,  which  is  direct,  and  transmission  by  air  or 
fomites,  which  is  indirect,  and  contact  certainly  plays  a  larger  share  in  the 
spread  of  some  diseases  than  others. 

Certain  Diseases  have  special  Seats  of  Invasion. — Certain  diseases  appear 
to  have  special  seats  or  points  of  invasion,  that  is  to  say,  the  viruses  upon 
which  they  depend  usually  attack  the  body  by  some  special  channel  or 
channels,  and  possess  Httle  if  any  ability  of  primarily  establishing  themselves 
elsewhere.  This  appears  to  be  the  case  with  regard  to  the  poisons  of  diarrhoea, 
cholera,  and  enteric  fever,  which  make  their  assault  upon  the  intestinal 
mucous  membrane,  and  with  regard  to  the  poison  of  pneumonia,  which 
attacks  the  lungs. 

These  facts,  as  Fliigge  points  out,  are  of  considerable  importance  with 
respect  to  the  spread  of  such  diseases,  for  it  is  not  sufficient,  in  cases  of  the 
kind,  that  the  poison  should  simply  be  brought  to  the  body,  but  it  must  be 
conveyed  also  to  the  particular  part  of  the  body  which  is  vulnerable  to  it. 
Here  we  find  an  analogy  in  the  behaviour  of  the  parasitic  fungi  which 
produce  the  diseases  of  plants.  Some  of  these  attack  the  flowers,  some  the 
fruit,  and  some  the  roots. 

As  regards  other  pathogenic  micro-organisms,  such  as  those  causative 
of  anthrax,  tuberculosis,  &c.,  the  points  of  invasion  are  more  numerous. 

Epidemic  Diseases  have  a  Period  of  Incubation. — When  a  person  has 
received  the  poison  of  one  of  these  diseases  a  period  elapses  before  definite 
and  recognisable  symptoms  of  the  action  of  the  poison  manifest  them- 
selves. This  interval,  which  is  described  as  the  period  of  incubation, 
varies  considerably  as  regards  different  infections,  ranging  from  a  few  hours 
in  the  case  of  some  of  them,  as  perhaps  erysipelas,  diphtheria,  and  scarlet 
fever,  to  weeks  in  the  case  of  others,  as  syphilis  and  rabies,  and  even 
probably  years  in  the  case  of  leprosy.  For  each  different  infection,  however, 
the  period  is  comparatively  constant ;  though  here,  again,  variation,  within 
certain  limits,  occurs  in  different  individual  cases  of  the  same  infection,  and 
the  period  is  more  constant  with  some  infections  than  others. 

It  is  only  by  an  accurate  knowledge  of  the  periods  of  incubation  in  the 
different  diseases  that  we  can  be  enabled  to  say  when  a  person  who  has  been 
exposed  to  a  given  infection  may  safely  be  regarded  as  having  escaped 
attack,  and  can  therefore  be  looked  upon  as,  presumably,  free  from  danger 
to  others.  Great  care,  too,  is  required  in  studying  the  periods  of  incubation 
in  order  that  fallacies  due  to  multiple  or  sustained  exposure  may  be  elimi- 
nated. '  The  only  cases  in  which  it  [a  period  of  incubation]  can  be  positively 
determined  are  of  course  those  in  which  there  has  been  but  a  single  ex- 
posure to  contagion ;  but  others,  in  which  the  exposure  (though  repeated) 
began  only  a  few  days  before  the  patient's  illness  showed  itself,  are  valid  as 
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proofs  of  short  incubation  ;  and  yet  others  in  which  the  exposure  ceased  many 
days  before  he  felt  ill,  are  valid  as  proofs  of  long  incubation.'  ^ 

No  detailed  explanation  of  the  incubation  period  can  at  present  be  given. 
It  is  often  broadly  stated  to  be  the  period  occupied  by  the  multiplication 
of  the  poison.  This,  however,  if  intended  to  signify  the  multiphcation  of 
micro-organisms,  is  a  very  unsatisfactory  explanation  when  we  remember, 
as  aheady  stated,  that  the  incubation  period  extends  over  weeks  in  some  dis- 
eases. Mere  multiphcation  of  micro-organisms  can  hardly  be  regarded  as 
requiring  such  lengthened  periods  of  time,  and  there  can  be  Httle  doubt  that 
some  far  more  comphcated  process  has  to  be  gone  through  prior  to  the 
general  infection  of  the  individual.  What  this  process  is  remains  for  future 
study,  and  it  has  to  be  remembered  that  the  process  may  possibly  be  a  very 
different  one  for  different  diseases. 

The  following  suggestions  may  be  put  forward  as  perhaps  worth  con- 
sideration. 

1.  If  it  is  a  fact  that  bacteria  are  incapable  of  directly  penetrating  healthy 
mucous  membrane,  as  Fliigge  seems  to  aifirm,  some  little  time  would  doubt- 
less be  required  for  bringing  about  the  local  changes  at  the  seat  of  lodgment, 
which  are  necessary  for  the  entrance  of  the  bacteria. 

2.  Certain  diseases  at  least  appear,  as  already  said,  to  be  due  to  the 
action  of  chemical  poisons  produced  by  the  micro-organisms  causative  of 
them,  rather  than  to  the  simple  presence  of  the  organisms  themselves.  As 
regards  sucb  diseases,  a  time — and  a  time  which  maybe  different  for  different 
infections — is  perhaps  required  for  the  accumulation  of  a  sufficient  quantity 
of  the  poison  to  produce  the  several  phenomena  of  the  disease. 

3.  The  excessively  long  incubation  periods,  as  in  rabies  and  leprosy, 
would  seem  to  suggest  either  some  peculiarity  in  the  life  history  of  the  micro- 
organisms upon  which  such  diseases  depend,  or  perhaps  the  necessity  for  some 
gradually  effected  change  in  the  tissue  condition  of  the  recipient  prior  to  the 
full  operation  of  the  pathogenic  properties  of  the  micro-organisms.  Or,  again, 
it  may  be  that  the  particular  poison  locally  produced  is  also  locally  stored  up, 
and  later  on  discharged  from  the  local  tissues  and  disseminated  throughout 
the  system. 

Protectio7z. — A  very  important  phenomenon  in  the  natural  history  of 
these  diseases  is  that  certain  of  them  confer  protection  or  immunity  against 
future  attacks  upon  persons  who  have  once  suffered  from  them.  The  degree 
of  protection  thus  imparted  varies  considerably,  however,  in  different  diseases, 
and  in  different  individuals  suffering  from  the  same  disease.  It  also  differs, 
too,  according  to  the  age  of  the  individual  at  the  time  of  primary  attack.  As 
regards  some  diseases  it  is  usually  stated  that  the  protection  is  of  life-long 
duration.  This  doubtless  often  is  so  ;  but  here  it  becomes  interestiag  to  ask 
how  far  the  life-long  protection,  which  apparently  results  from  a  single  attack 
of  one  of  these  diseases,  may  be  due  to  occasional  subsequent  exposure  of  the 
individual  to  the  same  infection,  and  consequent  renewal  of  protection.  It 
is  conceivable,  for  instance,  that  a  person  may  derive  absolute  protection 
for  a  certain  period.  Towards  the  close  of  this  period  he  may  be  again 
exposed  to  the  same  infection,  but  bemg  still  partially  protected  by  the 
antecedent  attack,  his  re-infection  is  not  followed  by  conspicuous  manifesta- 
tion of  the  disease.  He  may  suffer  perhaps  from  a  mere  undefined  malaise 
which  escapes  serious  attention,  but  nevertheless  serves  to  renew  his  protec- 
tion. In  this  manner  the  protection  of  such  diseases  as  measles  and 
scarlatina  may  perhaps  be  renewed  from  time  to  time.     It  is  by  no  means 

'  The  Priiiciples  and  Practice  of  Medicine.  C.  Hilton  Fagge,  M.D.,  F.E.C.P.  Edited 
and  completed  by  P.  H.  Pye-Smith,  M.D.,  F.E.S.     2nd  edit.  i.  27. 
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tincommon  to  find,  for  instance,  persons  in  infected  households,  who  have 
previously  suffered  from  scarlet  fever,  again  exhibiting  sore  throat  and 
malaise.  This  doubtless  means  a  re-infection,  and  renewal  of  protection  ; 
and  it  becomes  an  important  question  how  far  such  persons,  while  passing 
through  these  later  mild  attacks,  are  capable  of  infecting  others.  In  re-vac- 
cination we  have  experimental  confirmation  of  the  renewal  of  protection. 

Another  interestiag  question  is  whether  any  degree  of  protection  is 
capable  of  being  transmitted  by  heredity.  The  exceptional  virulence  of 
measles  when  implanted  upon  virgin  soil,  as  in  the  case  of  the  Fiji  out- 
break, suggests  the  possibility  of  this  being  the  case,  notwithstanding  that 
the  mortality  of  that  outbreak  was  doubtless  largely  due  to  a  neglect,  based 
upon  ignorance  and  superstition,  of  all  necessary  precaution. 

The  protection  afforded  by  some  of  these  diseases  is,  however,  far  less 
than  that  afforded  by  others.  Of  certain  of  them,  indeed,  it  is  said  that  they 
do  not  protect  at  all,  and  that  some,  as  erysipelas,  even  predispose  to  future 
attacks.  On  the  other  hand,  it  has  been  suggested  that  all  microbic  diseases 
protect  for  a  certain  period,  though  in  some  instances  only  a  short  one ; 
that  otherwise  it  would  be  difficult  to  understand  such  diseases  ending 
except  in  death,  for  it  has  been  thought  that  in  the  absence  of  any  pro- 
tection afforded  by  the  disease  process  a  person  once  infected  would  keep 
his  disease  going  perpetually  by  auto-infection.  However  this  may  be, 
there  can  be  no  question  that  for  many  people  at  least,  the  protection,  if 
any,  afforded  by  an  attack  of  some  of  these  diseases  is  exceedingly  slight, 
and  the  question  might  be  raised,  as  for  instance  in  the  case  of  erysipelas, 
how  far  this  is  due  to  the  disease  itself,  and  how  far  to  peculiarity  of  tissue 
of  persons  especially  subject  to  it.  The  problem  is  admittedly  a  difficult 
one,  and  time  and  observation  are  wanted  for  its  solution ;  moreover,  it  is 
complicated  by  the  apparent  ability  of  certain  infections  to  He  dormant  in 
individuals,  and  to  recrudesce  in  them  at  uncertain  intervals.  As  to  this, 
there  seem  no  d  priori  reasons  why  microbes  should  not  remain  in  the 
system,  held  in  check  by  the  conditions  which  have  brought  their  obvious 
manifestations  to  an  end,  and  consequently  conferred  a  temporary  protection 
on  their  host.  Ultimately  the  forces  may  become  reversed,  and  the  microbes 
gain  a  second  ascendency,  to  be  subsequently  in  similar  manner  reduced  to 
temporary  quiescence.  A  thesis  of  this  sort  would  seem  necessary  for 
explanation  of  the  recurrent  attacks  of  ague  from  which  persons  frequently 
suffer  years  after  removal  from  malarious  districts. 

Original  liability  to  attack  by  epidemic  disease  varies  in  different  indi- 
viduals, some  appearing  by  nature  almost  immune,  while  others  exhibit  a 
marked  degree  of  susceptibiHty.  Such  contrasts,  there  can  be  Httle  doubt, 
are  due  to  differences — sometimes  hereditary  and  sometimes  acquired  (in 
other  ways  than  by  attack) — in  the  tissue  condition  of  the  several  individuals 
— and  especially  perhaps  in  the  condition  of  the  tissues  (mucous  membrane, 
&c.)  at  the  points  of  invasion  special  to  the  different  diseases.  The  marked 
tendency  to  phthisis  observed  in  certain  famihes  probably  affords  an  instance 
of  transmitted  liability  to  infection,  while  the  well-known  predisposing  influ- 
ence of  unwholesome  conditions  of  hfe,  overcrowding,  starvation,  &c.,  illus- 
trates acquired  increase  of  susceptibility  to  certain  infections.  In  this 
connection  it  is  worthy  of  note  that  the  general  experience  of  epidemiologists 
to  the  effect  that  conditions  tending  to  lower  vitality  predispose  to  attack  by 
certain  diseases,  seems  recently  to  have  received  indirect  experimental  support 

Susceptibility  to  certain  infections  is  also  no  doubt  increased  by  other 
conditions,  such  as  cold  and  damp. 

Influence  of  Age  and  Sex  upon  Original  Liability  to  A  ttach. — The  age  and 
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sex  incidence  of  the  different  diseases,  as  judged  mainly  by  mortality  statistics^ 
will  be  given  in  the  appropriate  sections.  Speaking  generally,  it  may  be 
said  that,  as  regards  certain  diseases  which  mainly  affect  the  young,  the  age 
incidence  observed  is  no  doubt  in  part  due  to  the  fact  that  since  so  large  a 
number  of  the  individuals  of  a  community  are  attacked  during  childhood, 
the  protection  thus  acquired  diminishes  the  number  of  adults  susceptible  to 
attack.  This,  however,  cannot  be  regarded  as  the  sole  factor,  but  it  probably 
serves  to  exaggerate,  or  perhaps  modify,  the  true  age  incidence,  which  there 
can  be  little  doubt  is  of  a  deeper  and  more  fundamental  character.  Some 
diseases  for  instance,  on  the  contrary,  appear  to  pick  out  adolescents  or 
adults  in  preference  to  children,  while  some,  again,  of  those  diseases  which 
especially  affect  children,  as  scarlatina,  rarely  attack  very  young  infants. 

Sex  incidence  in  adults  is  no  doubt  in  part  regulated  by  occupation — 
that  is  to  say,  according  to  the  different  occupations  of  the  two  sexes,  so 
generally  is  their  chance  of  exposure  to  certain  infections.  At  the  same  time 
it  is  now  tolerably  certain  that,  independently  of  occupation,  the  actual 
susceptibility  of  the  two  sexes  varies  as  regards  some  diseases. 

Influence  of  Season  upon  the  spread  of  Epidemic  Diseases. — It  is  well 
established  that  some  of  the  diseases  under  consideration  exhibit  a  decided 
preference  for  certain  seasons  of  the  year.  These  seasonal  variations  are 
no  doubt  largely  due  to  climatic  influences  upon  the  life  phases  of  the  micro- 
organisms upon  which  the  different  diseases  depend ;  that  is  to  say,  each 
species  of  micro-organism  probably  has  its  particular  season  of  the  year  in 
which  the  meteorological  conditions  most  favourable  to  its  development,  at 
all  events  as  regards  pathogenic  property,  are  at  a  maximum.  Seasonal 
variations  may,  however,  be  partly,  and  in  the  case  of  some  diseases  largely, 
due  to  the  effects  of  season  on  the  recipients — either  the  direct  effects,  as 
influencing  susceptibility,  or  the  indirect  effects  as  modifying  the  habits  of 
life  in  such  a  manner  as  to  facilitate  the  process  of  infection  from  case  to 
case. 

Periodicity  in  Epidemic  Diseases. — In  addition  to  the  seasonal  variations 
these  diseases  prevail  more  extensively  in  some  years  than  others.  This,  of 
course,  may  be  explained,  and  in  part  correctly  explained,  in  the  same 
manner  as  seasonal  variations ;  that  is  to  say,  it  may  be  concluded  that 
unusual  prevalence  is  partly,  and  sometimes  perhaps  entirely,  due  to  chmatic 
and  other  conditions  which  are  unusually  favourable  to  the  development  and 
dissemination  of  pathogenic  micro-organisms.  But  as  regards  the  varying 
prevalence  of  some  of  these  diseases  at  least,  it  is  becoming  increasingly 
evident  that  there  is  a  more  or  less  regular  periodicity — a  cyclical  character, 
in  fact. 

This  subject  was  dealt  with  by  Dr.  Arthur  Eansome,^  and  has  again, 
quite  recently,  been  studied  by  Dr.  B.  A.  Whitelegge. 

Dr.  Kansome  pointed  out  that  a  study  of  '  the  track  taken  by  any  of  the 
more  common  and  fatal  of  the  infectious  diseases  throughout  a  long  series 
of  years '  showed  them  to  '  observe  definite  periodic  times  or  cycles,'  which 
he  described  as  a  succession  of  waves,  the  periods  covered  by  the  waves 
differing  for  different  diseases.  He  also  showed  that  as  regards  some 
maladies, '  such  as  scarlet  fever,  whooping  cough,  and  perhaps  also  small-pox,' 
if  a  sufficient  number  of  years  be  taken  in  review,  which  is  rendered  possible 
by  the  Swedish  mortality  statistics,  there  is  indication  of  '  certain  larger  as 
well  as  smaller  disease  waves.' 

Dr.  Whitelegge  corroborates  Dr.  Eansome  as  regards  the  occurrence  of 

'  Proc.  Lit.  and  Phil.  Soc,  Manchester,  Jan.  27,  1880 ;  and  Trans.  Epidem.  Soc. 
Lond.,  vol.  i.,  N.S.,  1881-82. 
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the  larger  and  smaller  cycles,  and  by  a  further  study  of  the  facts  concerning, 
them,  as  well  as  by  an  extension  of  his  survey  to  other  disease  periodicities, 
he  is  led  to  formulate  certain  general  propositions.  Disease  undulations 
or  waves,  he  considers,  are  of  two  essentially  different  kinds— the  acci- 
dental, or,  more  correctly,  '  superadded '  waves,  and  the  fundamental  or  true 
cycles. 

The  characteristic  of  the  '  superadded  wave  '  is  that  it  is  not  attended  by 
any  regular  and  progressive  increase,  and  subsequent  decrease,  of  virulence. 
It  is  a  wave  of  mere  prevalence,  and  is  probably  but  a  reflex  of  changes  in 
the  environment.  The  following  Dr.  Whitelegge  regards  as  instances  of 
'  superadded  waves  :  ' — 

(a)  The  weekly  wave,  which  he  has  shown  to  occur  at  Nottingham  with 
respect  to  scarlet  fever.  This  he  considers  due  to  the  diminished  oppor- 
tunity on  the  Sunday  for  the  spread  of  the  disease  by  school  attendance. 

{b)  The  annual  seasonal  wave,  as  regards  which  he  finds  that  the  rise  in 
the  number  of  cases  does  not  carry  with  it  a  proportionate  rise  in  the  number 
of  deaths,  nor  is  the  fall  in  the  number  of  cases  attended  with  an  equivalent 
fall  in  the  number  of  deaths. 

(c)  Epidemics  caused  by  specifically  contaminated  milk  or  water,  inas- 
much as  they  are  due  to  artificially  increased  opportunities  for  the  spread  of 
infection. 

The  true  fundamental  cycle,  on  the  otl],er  hand,  is  characterised  by  an 
increase  both  of  prevalence  and  severity.^  Atypical  instance  is  found  in  the 
long  cycle  extending  over  a  considerable  number  of  years.  Study  of  such 
cycles  shows  them  to  embrace,  and  indeed  to  be  made  up  of,  a  number  of 
the  '  short '  cycles  (quinquennial,  &c.,  according  to  the  particular  disease), 
each  of  which  short  cycles  displays  an  increase  both  of  prevalence  and 
severity,  as  compared  with  its  predecessor,  until  the  maximum  of  the  '  long ' 
cycle  is  attained.  Then  follows  a  decrease  both  in  the  prevalence  and 
severity  of  each  successive  short  cycle.  But  in  regard  to  scarlet  fever,  at  all 
events,  these  shorter  five-  or  six-year  cycles,  which  make  up  the  larger  wave, 
are  themselves  demonstrably  truly  cyclic  in  character.  They  are  waves  of 
increasing,  followed  by  decreasing,  severity.  Whether  the  same  can  be 
affirmed  of  the  biennial  rhythms  of  measles  seen  in  certain  towns  is  doubtful, 
the  available  statistics  being  insufficient  to  determine  the  point. 

The  '  true  '  cycles  might  conceivably  be  due  to  corresponding  cyclical 
changes  in  environment,  such  as  meteorological  changes  ;  but  Dr.  Whitelegge 
considers  it  likely  that  they  are  of  a  more  fundamental  character,  probably- 
associated  with  microphytic  evolutionary  processes. 


MEASLES 
Synon. :  Morbilli ;  Bubeola,.    Fr.  Bougeole  ;  Ger.  Maseru ;  It,  Bosolia. 

History  and  Geographical  Distribution. — There  can  be  little  doubt  that 
measles  is  a  disease  of  ancient  origin,  though  for  many  generations  it  was 
confounded  with  other  maladies,  notably  small-pox  and  scarlatina.  With 
small-pox  it  continued  to  be  confounded  until  the  sixteenth  century,  and. 
with  scarlet  fever  till  the  days  of  Sydenham,  Nevertheless  it  is  apparently 
referred  to  as   '  hasbah '  in  the  writings  of    the   Arabian  physicians,  who 

'  The  increase  in  severity  being  indicated  by  a  rise  in  the  case  mortality,  and  by  the 
tendency  of  the  disease  to  attack  people  at  ages  usually  more  or  less  spared  by  it  as  well 
as  persons  protected  by  previous  attack.  See  Milroy  Lectures  delivered  since  the  above 
was  written.     Lancet,  February  25,  and  March  4,  11,  and  18,  1893, 
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regarded  it  (along  witli  scarlet  fever,  no  doubt)  as  a  variety  of  small-pox. 
During  the  Middle  Ages  the  disease  would  seem  to  have  been  widely  prevalent 
in  Europe  and  Asia,  generally,  according  to  the  accounts,  in  association  with 
small-pox. 

The  original  seat  or  native  home  of  measles  is  unknown,  but  nowadays 
the  disease  has  a  world-wide  distribution,  and,  now  as  formerly,  in  localities 
not  prone  to  it,  its  presence  might  doubtless  always  be  traced  to  introduction 
from  without.  According  to  Hirsch,^  it  has  been  four  times  introduced 
into  Iceland  (1664,  1694,  1846,  and  1868),  and  four  times  into  the  Faroe 
Islands  (1781,  1846,  1862,  and  1875),  those  localities  remaining  free  from  it 
during  the  intervals ;  it  reached  the  western  hemisphere  '  soon  after  the 
arrival  of  the  first  European  settlers  ; '  it  appeared  in  the  Hawaiian  Islands 
in  1848  ;  m  the  Australian  continent,  Tasmania,  and  New  Zealand  in  1854. 
There  appear  to  be  no  grounds  for  supposing  that  it  had  existed  m  these 
countries  prior  to  its  importation  from  without,  and  it  would  thus  seem 
probable  that  its  general  distribution  throughout  the  world  had  been  brought 
about  by  human  travel  and  colonisation. 

Measles  is  now  weU  estabUshed,  occm'ring  in  frequent  epidemics,  through- 
out most  of  Europe,  Asia,  America,  and  those  parts  of  Africa  of  which  we 
have  definite  information  on  the  subject. 

In  England  it  is  everywhere  from  time  to  time  prevalent. 

During  the  decennium  1871-80  the  registration  counties  in  which  the 
mortahty  from  measles  among  children  under  five  years  of  age  was  above 
the  general  average  were,  beginning  with  the  highest,  Lancashire,  Devon- 
shire, Monmouthshire,  London,  Cumberland,  Leicestershke,  and  the  West 
Riding.^  It  is  interesting  to  note  that  the  high  measles  mortality  was  not 
confined  to  densely  populated  counties,  and,  therefore,  cannot  have  depended 
entirely  upon  the  increased  facilities  for  spread  which  aggregation  affords. 
It  also  appears  that  the  geographical  distribution  of  measles  in  this  country 
differs  considerably  from  that  of  diphtheria,  and  to  some  extent  from  that  of 
scarlet  fever,  though,  as  regards  the  latter,  the  question  is  complicated  by 
hospital  isolation,  which  has  not  operated  in  the  case  of  measles. 

Periodicity. — At  different  times  measles  has  tended  to  become  widely 
prevalent  over  large  tracts  of  country,  assuming  almost  a  pandemic  cha- 
racter. No  regularity  in  the  times  of  appearance  of  these  major  epidemics 
seems  to  have  been  made  out ;  and  as  regards  the  lesser  epidemics  of  a 
more  local  character,  the  inter-epidemic  interval  varies  greatly.  Thus  the 
intervals  between  outbreaks  have  been  variously  stated  as  from  two  to  six 
years  for  different  places  and  by  different  observers.  In  \dew  of  these  dis- 
crepancies, and  also  of  the  different  length  of  interval  between  epidemics  of 
measles  in  particular  places,  Hirsch  disbeheves  in  any  definite  periodicity. 
Without  drawing  the  line  too  fine,  however,  it  may  be  said  that  in  large 
communities  the  disease  tends  to  occur  epidemically  at  intervals  of  from 
two  to  four  years,  disappearing  more  completely  between  these  epidemic 
visitations  than  is  the  case  with  scarlatina  and  some  other  diseases  ;  and 
that  in  small  communities,  especially  among  the  populations  of  rural  dis- 
tricts, the  intervals  are  less  regular,  and  longer. 

The  Influence  of  Climate. — Upon  a  cursory  survey  of  the  facts  it  would  at 
jBrst  sight  appear  that  measles  is  uninfluenced  by  climate  ;  Hirsch,  indeed, 
in  view  of  the  practically  universal  distribution  of  the  disease  throughout 

'  Handbook  of  Geographical  and  Historical  Patliology,  1883,  i.  156,  by  Dr.  August 
Hirsch.     Translated  by  Charles  Creighton,  M.D.     New  Sydenham  Society. 
'    Forty-seventh  Annual  Eeport  of  the  Eegistrar-General,  p.  xiv. 


NATURAL  HISTORY   OF  INFECTIOUS  DISEASES      259 


the  world,  concludes  that  its  occurrence  '  is  quite  independent  of  climatic 
influences.'  It  is  doubtful,  however,  whether  such  an  inference  can  be 
legitimately  drawn  from  the  universality  of  its  distribution,  which  may 
simply  mean  that  the  influence  of  climate  is  masked  by  the  high  infective 
power  of  the  disease  and  other  conditions,  but  some  climates  may  nevertheless 
be  more  favourable  to  its  occiirrence  than  others.  That  climate  is  not 
without  influence  on  measles  would  seem  indicated  by  the  consideration, 
which  Hirsch  himself  points  out,  that  '  wherever  it  (measles)  has  occurred, 
the  influence  of  certain  kinds  of  weather,  depending  on  the  seasons,  has 
been  observed  to  have  a  marked  effect  upon  the  frequency  of  its  outbreak 
and  the  extent  of  its  prevalence.' 

And  of  Season. — This  influence  of  season  appears  to  have  been  every- 
where observed,  and,  taken  generally,  the  warmer  periods  of  the  year  have 
been  found  least  to  favour  the  prevalence  of  measles.  In  temperate  zones, 
of  530  epidemics  of  measles  in  Europe  and  North  America  which  Hirsch 
records,  339  occurred  in  the  colder,  against  191  in  the  warmer  months. 
And  the  same  thing  has  been  observed  in  the  tropics.  In  this  country  the 
effect  of  season  upon  urban  measles  has  been  studied  by  Dr.  Buchan  and 
Sir  Arthur  Mitchell,  and  by  the  Eegistrar-General.  The  former,  whose 
conclusions  are  based  upon  the  mortality  statistics  of  London  for  the  thirty 
years  1845-1874,  as  recorded  in  the  weekly  returns  of  the  Eegistrar-General, 
give  the  following  diagram  ^  as  illustrating  the  weekly  variations  in  the 
London  mortality  of  measles. 


Measles,  for  all  Ages  and  both  Sexes. 
Jan.    Feb.    March    April    May    June      July     Aug; 


Oct.    Nor.     Dec. 


-I-  50  p.  cent  pi  1  I 

Mean  Line. 
-30p.cent.bil     III     Un     Ml     111     '111     111     IN     INI     III    III     I  I  1  □ -SOp.cent. 

In  reference  to  this  diagram  they  make  the  following  remarks :  '  The 
measles  curve  is  remarkable  in  showing  a  double  maximum  and  minimum 
during  the  year,  the  larger  maximum  occurring  in  November,  December, 
and  January,  and  the  smaller  in  May  and  June  ;  the  larger  minimum  in 
August,  September,  and  October,  and  the  smaller  in  February  and  March. 
The  most  rapid  fluctuation  takes  place  in  the  fall  from  Christmas  to  the 
middle  of  February,  the  weekly  deaths  falling  from  forty-two  to  twenty-one. 
This  is  one  of  the  steadiest  curves  from  year  to  year,  both  maxima  being 
well  marked  in  nearly  every  one  of  the  thirty  years  in  December  and  June 
respectively,  and  the  minima  also  being  well  marked.' 

It  must  of  course  be  remembered  that  the  curves  under  consideration 
are  based  on  mortahty  statistics,  and  that  for  indication  of  the  development 
of  the  measles  to  which  the  data  refer,  the  curves  should  be  moved  some 
three  or  four  weeks  back  throughout  the  year,  to  allow  for  the  period  of 
mcubation  and  the  period  of  illness  prior  to  death. 

Mortality. — Apart  from  sex  and  age  influences,  which  will  be  dealt  with 

'  We  are  indebted  to  the  courtesy  of  Dr.  Buchan  and  Sir  Arthur  Mitchell  for  permis- 
sion to  reproduce  this  and  other  diagrams  from  their  paper  on  '  The  Influence  of  Weather 
on  Mortality'  {Jour.  Scottish  Meteor.  Soc,  July  1874-July  1875).  The  Eegistrar-General 
in  his  Annual  Summary  for  1890  has  pubhshed  a  more  recent  seasonal  mortality  curve 
for  measles,  based  upon  the  deaths  from  measles  in  London  during  the  fifty  years 
1841-1890.  The  Kegistrar-General's  curve  for  the  longer  period,  however,  bears  a  very 
close  resemblance  to  that  given  above. 
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later,  measles  mortality  must  be  considered  from"  two  points  of  view,  e.g. 
the  actual  mortality  or  total  deaths,  and  the  case  mortahty  (fatahty)  or 
proportion  of  deaths  to  attacks.  The  actual  mortahty,  moreover,  to  be 
intelHgible,  must  be  reduced  to  some  standard  of  measurement,  as,  e.g.  the 
number  of  deaths  per  thousand  or  milhon  of  the  population.  The  table 
below  shows  the  measles  mortality  in  England  and  Wales  for  each  year  from 
1838  to  1890,  with  the  exception  of  the  four  years  (1843-46)  for  which  the 
causes  of  death  were  not  extracted  by  the  Eegistrar-General. 

It  will  be  seen  that  in  this  country  measles  is  responsible  for  the  deaths 
of  from  6,000  to  14,000  persons  each  year.  It  will  also  be  seen  that  there 
has  been  a  decided  rise  in  the  mortality  from  measles  dming  the  last  ten 
years.  How  far  this  is  the  result  of  any  special  advantage  measles  has  of 
late  years  gained  over  us,  or  how  far  it  is  merely  the  expression  of  a  cyclical 
character  of  the  disease,  is  an  interesting  problem. 

Fatality. — The  case  mortality  of  measles  is  capable  of  varying  within 
very  wide  Hmits.  By  some  observers  it  is  stated  to  average  5,  by  others  10, 
per  cent,  of  attacks,  while  there  is  plenty  of  evidence  that  the  fatality  of  this 
disease  may  in  a  given  epidemic  range  as  low  as  2  per  cent.,  and  in  another 
epidemic  be  as  high  as  40  or  50  per  cent.  Probably  there  are  two  main 
factors  in  inducing  high  fatality,  the  one  belonging  to  measles  itself — extra 
intensity  of  infection — the  other  bound  up  with  unfavourable  conditions — over- 
crowding, bad  and  deficient  food,  fatigue — of  the  population  invaded ;  and  of 
course,  where  these  factors  are  concurrent,  the  death  toll  must  needs  be  high. 
In  this  way  may  be  explained  the  high  measles  fatality  from  time  to  time 
observed  among  troops  on  active  service,  and  among  prisoners  of  war.     Thus 
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in  the  American  Civil  War,  a  mortality  of  20  per  cent,  of  those  attacked  by 
measles  is  said  to  have  occurred  in  two  large  hospitals.  '  In  Paris  during  the 
siege  (January  1871),  out  of  215  of  the  Garde  Mobile  who  took  measles,  86,  or 
40  per  cent.,  died ;  and  the  mortality  reached  very  nearly  the  same  figure  among 
the  French  troops  who  returned  to  Paris  after  the  Itahan  "War,  40  out  of  125 
cases  dying  in  one  hospital  (whose  sanitary  condition  was  bad)  with  severe 
intestinal  symptoms.'  ^  Again,  according  to  Masterman,  '  at  the  beginning 
of  the  Brazilio-Paraguayan  War,  an  epidemic  of  measles  swept  off  nearly  a 
fifth  of  the  National  Army  in  three  months,  not  from  the  severity  of  the 
disease,  for  I  treated  about  fifty  cases  in  private  practice  without  losing  one, 
but  from  want  of  shelter  and  proper  food.'  So,  too,  among  many  unciviHsed 
communities  the  mortahty  from  measles  imported  for  the  first  time  has 
been  excessive,  in  some  cases  whole  tribes  having  been  swept  away.  As 
instances  may  be  mentioned  the  outbreaks  on  the  banks  of  the  Amazon,  at 
Hudson's  Bay,  the  Cape,  Tasmania,  Mauritius,  and  the  Fiji  Islands.  The 
■excessive  mortality  in  such  outbreaks  has  often  been  attributed  to  the  fact 
that  the  sufferers  in  question  presented  a  vu'gin  soil  to  a  very  intense  virus. 
This  may  have  been,  and  probably  was,  one  of  the  factors  which  contributed 
to  the  result ;  but  from  ofiicial  and  other  reports  it  appears  that  important 
factors  were  neglect,  superstitious  practices,  and  unwholesome  conditions  of 
life.  Among  the  small  proportion  of  persons  who  in  some  of  these 
outbreaks  were  treated  in  hospitals,  and  were  thus  more  favourably  circum- 
stanced than  the  majority,  the  mortahty  was  not  extravagant.  Kef  erring  to 
the  terribly  fatal  epidemic  at  Fiji,  Dr.  Squire  says  :  *  The  excessive  mortality 
resulted  from  terror  at  the  mysterious  seizure  and  the  want  of  the  com- 
monest aids  during  illness.'  Numbers  of  the  people,  it  appears,  either  kept 
closely  shut  up  in  their  un ventilated  houses,  or  rushed  into  the  streams 
during  the  height  of  the  illness.  This  epidemic  carried  off  from  one-fifth  to 
one-fourth  of  the  entire  population,  but  of  143  native  constables  who  were 
under  the  treatment  of  Dr.  Cruikshank,  only  nine  deaths  were  reported, 
*most  of  these  resulting  from  evasion  of  needful  precautions.'  '^ 

Influence  of  Bace.- — There  is  not  sufficient  evidence  as  to  how  far  difference 
■of  race,  as  such,  influences  liability  to  attack  by  measles  or  mortality  from 
t;hat  disease.  Neither  can  anything  definite  as  yet  be  said  as  to  the  influence 
of  sex  and  age  so  far  as  hability  to  attack  is  concerned.  But  both  sex  and  age 
appear  to  influence  mortality,  and  therefore  probably  also  hability  to  attack. 

Of  Sex. — Speaking  for  England  and  Wales,  the  rate  of  mortality  among 
-children  under  two  years  of  age  is  greater  for  males  than  females.  At  all 
age-periods  above  two  years  it  is  greater  among  females.  Owing  to  the  fact 
of  the  main  incidence  of  the  disease  falling  upon  the  early  years  of  life,  the 
mortality  is,  on  the  whole,  somewhat  greater  among  males  than  females.^ 

Of  Age. — As  to  age  in  this  country,  about  98  per  cent,  of  all  deaths  from 
measles  occur  among  children  under  ten  years  of  age,  90  per  cent,  among 
those  under  five,  75  per  cent,  among  those  imder  three,  and  60  per  cent, 
among  those  under  two,  the  maximum  mortality  as  well  as  the  maximum 
rate  of  mortality  being  in  the  second  year  of  life.  This  very  marked  in- 
cidence of  measles  upon  the  young  is  no  doubt  largely  owing  to  the  frequent 
epidemicity  of  the  disease,  which  results,  at  any  rate  as  regards  towns,  in  a 
very  large  proportion  of  persons  being  attacked  during  childhood,  either  to 
die  then  or  survive  protected  against  further  attack.     For  where  measles 

'  Hirsch,  op.  cit.,  i.  168. 

2  Paper  read  before  the  Epidemiological  Society  by  Dr.  Squire,  Med.  Times  and  Gae., 
1877,  p.  323. 

^  Fifty-first  Annual  Eeport  of  the  Registrar-General,  p.  xxiii. 
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has  been  introduced  among  unprotected  communities,  as  in  the  case  of  the 
Faroe  Islands,  it  can  attack  most  persons  brought  in  contact  with  it,  irre- 
spective of  age.  Even  in  this  country,  adults  who  have  hitherto  escaped 
the  disease  are  often  seen  to  take  it  readily  if  exposed  to  the  infection,  and 
some  of  them  suffer  from  it  severely.  Notwithstanding  all  this,  however,  it 
is  extremely  likely  that  measles,  although  capable  of  freely  attacking  unpro- 
tected persons  of  any  age,  yet  has  an  affinity  for  the  early  years  of  life.  And 
there  seems  no  doubt  at  all  that  the  disease  is  more  dangerous  in  delicate 
children  and  in  infants  under  four  or  five  years  of  age  (excluding  the  fi.rst  six 
months)  than  in  the  latter  stages  of  childhood. 

Cause  and  Mode  of  Dissemination. — Measles  is  unquestionably  due  to  a 
poison  which  is  capable  of  being  transmitted  from  the  sick  to  the  healthy,, 
and  of  multiplying  in  the  system  of  the  recipient.  Hence  the  probability  of 
this  poison  being  a  micro-organism,  though  no  such  organism  has  at  present 
been  demonstrated  to  stand  in  a  causal  relation  to  the  disease. 

Whatever  may  have  been  the  remote  origin  of  the  disease,  there  is  no 
evidence  that  it  now  ever  occurs  except  as  a  result  of  direct  or  indirect 
infection  from  a  previous  human  case,  and  all  that  has  been  said  with  regard 
to  its  general  history  points  to  this  as  the  main,  if  not  the  only,  mode  of  its 
occurrence  in  modern  times.  In  view,  however,  of  recent  evidence  in  the 
case  of  some  other  diseases,  the  possibility  of  measles  affecting  the  lower- 
animals  as  well  as  man,  and  being  communicable  from  them  to  him,  must 
not  be  lost  sight  of. 

The  poison  of  measles  is  held  to  be  given  off  by  the  breath  and  mucus — 
possibly  also  by  desquamating  cuticle,  though  this  is  less  certain.  The 
recipient  is  no  doubt,  as  a  rule,  infected  through  the  respiratory  tract.  Gene- 
rally the  disease  is  transmitted  directly  from  case  to  case  ;  but  the  poison  is 
probably  capable  of  being  air-borne,  especially  in  ill-ventilated  rooms,  to  a 
greater  extent  than  has  often  been  supposed.  The  poison  also  can  cling  to 
surfaces,  and  so  may  be  carried  by  fomites.  There  is  at  present  no  evidence 
of  its  being  conveyed  by  water,  milk,  or  food. 

The  infection  is  freely  given  off  during  the  early  catarrhal  stage  of  the 
disease,  before  the  eruption  appears ;  throughout  the  illness,  and  to  some 
extent  during  convalescence.  The  periods  of  greatest  infectiousness,  however,, 
are  during  the  pre-eruptive  stage,  and  while  the  rash  is  present.  This  early 
infectiousness  of  measles  is  a  very  potent  factor  in  the  dissemination  of  the 
disease,  for  during  its  pre-eruptive  stage,  children,  though  in  a  highly  in- 
fectious condition,  are  commonly  allowed  to  mix  with  others  under  the 
impression  that  they  are  simply  suffering  from  common  colds.  In  this  way 
there  can  be  no  doubt  that  schools,  churches,  and  other  places  of  public  resort, 
play  an  important  part  in  the  spread  of  measles. 

Periods  of  Incubation  and  Infectiveness. — In  the  naturally  acquired 
disease  the  usual  period  of  incubation  is  probably  about  eleven  days,  though 
there  is  not  uncommonly  a  variation  of  several  days  on  either  side  of  this. 
Panum,  in  the  Faroe  Islands,  found  that  the  rash  usually  appeared  on  the 
fourteenth  day  after  a  single  exposure.  Goodhart  ^  says  that,  '  though  liable 
to  modification  within  limits  of  three  or  four  days  either  way,  the  incubation 
period  centres  round  ten  days.'  According  to  Finlayson,^  who  has  collated 
the  opinions  of  recent  authorities  on  this  and  allied  matters,  Murchison 
stated  the  incubation  period  as  ten  to  eleven  days  ;  Vacher  as  three  to  seven- 
teen, usually  ten;    Squire  as  eight   to  eighteen,  usually  eight  to  twelve; 

»  J.  F.  Goodhart,  M.D.,  F.R.C.P.,  Diseases  of  Children,  2nd  edit.,  p.  128. 
*  James  Finlayson,  M.D.,  the  Glasgow  Med.  Jour.,  May  1889. 
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Eicbardson  ten  to  fourteen  ;  Stephenson  fourteen  days  ;  Clement  Dukes  ten 
to  fourteen,  usually  eleven  ;  Newsholme  ten  to  fourteen,  usually  twelve  to 
fourteen. 

As  has  been  said,  the  infective  period,  i.e.  during  which  the  patient  is  capable 
of  infecting  others,  must  be  considered  as  at  all  events  beginning  with  the 
very  earliest  symptoms,  some  days  before  the  rash  appears,  and  it  perhaps, 
extends  through  most  or  all  of  the  incubation  period.  The  subsequent  dura- 
tion is  variously  stated  by  different  observers  as  somewhere  between  two  and 
four  weeks  from  the  date  of  appearance  of  the  rash,  though  it  is  generally 
agreed  that  infection  is  usually  over  by  the  end  of  the  fourth  week,  provided 
all  cough  and  desquamation  have  ceased. 

Protection. —  One  attack  of  measles  usually  confers  a  lasting  protection 
against  future  attack.  This  was  illustrated  in  the  outbreak  of  1846  in 
the  Faroe  Islands,  under  circumstances  which  gave  to  the  experience  the 
conclusiveness  of  a  carefully  planned  experiment.  The  disease  had  been 
unknown  in  the  islands  since  1781,  a  period  of  sixty-five  years.  During  the 
six  months  following  its  reimportation  in  1846,  according  to  Panum,^  na 
less  than  6,000  persons,  out  of  a  total  population  of  7,782,  contracted  tbe 
disease.  But  every  one  of  the  old  persons  who  had  been  attacked  during  the 
previous  visitation  escaped  in  1846.  Further,  that  their  immunity  was  not 
simply  due  to  age  was  evident  from  the  fact  that  the  other  old  persons  who 
had  been  ahve  in  1781,  but  had  then  escaped,  now  took  the  disease,  practically 
without  exception.  Second  attacks,  however,  do  sometimes  occur.  Occa- 
sionally also  relapses  are  met  with. 


EOTHELN 

Synon. :  German  Measles,  False  Measles,  Epidemic  Boseola,  Bubeola, 
Buheola  sine  Catarrho,  Bubella  ;  Fr.  Bougeole. 

About  the  middle  of  the  eighteenth  century — that  is,  shortly  after  the  com- 
plete separation  of  scarlet  fever  from  measles — mention  began  to  be  made 
in  medical  literature,  under  the  titles  of  '  roseola  '  in  England  and  France, 
and  '  rubeola '  in  Germany,  of  a  malady  seemingly  different  from  scarlet  fever 
and  from  measles,  but  having  some  of  the  characters  of  both.^  From  that 
time  to  the  present,  outbreaks  have  now  and  again  been  met  with  which, 
from  a  clinical  view,  it  has  similarly  been  found  difficult,  or  impossible,  to 
regard  as  either  true  scarlet  fever  or  measles,  and  accordingly  a  belief  in 
the  existence  of  a  third  exanthem  of  this  kind  has  gradually  gained  ground, 
until  at  present  it  is  very  generally  held. 

Many  have  regarded  this  complaint  as  a  hybrid  of  scarlet  fever  and 
measles,  but  the  view  most  generally  adopted  by  modern  authorities  is  that, 
although  superficially  resembling  both  scarlet  fever  and  measles,  it  is  an 
entirely  distinct  and  specific  disease. 

Apart  from  its  special  clinical  features,  for  which  the  reader  must  be 
referred  to  works  on  general  medicine,  this  disease  is  held  by  such  authori- 

1  Archives  Ginirales  de  Midecine,  April  1851, 

2  According  to  Prof.  Thomas  (Ziemssen's  Cyclopedia),  some  affirm  that  an  ailment 
of  this  kind  was  referred  to  by  the  Arabian  physicians  as  '  hhamikah.'  Prof.  Thomas 
also  refers  to  the  possibility  of  the  '  benignant  "  Eossalia  epidemics  "  of  earlier  centuries  ' 
having  been  rotheln.  But  this,  he  says,  cannot  be  ascertained  owing  to  lack  of  accurate 
descriptions. 
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ties  to  occur  in  epidemics,  to  cause  little  or  no  mortality,  to  be  usually 
unattended  by  sequelse,  to  protect  against  itself,  but  not  against  either 
scarlet  fever  or  measles,  '  nor  do  attacks  of  either  of  these  diseases  in  any 
way  modify  the  liabiUty  to  this  one.'  ^  It  is  said  to  spread  by  infection,  but 
the  infection  is  stated  to  be  '  apparently  less  active  than  that  of  measles,  and 
less  persistent  than  that  of  scarlet  fever,  for  more  escape  in  a  house  or 
school  during  an  epidemic  of  rubeola  than  during  one  of  measles,  and  cases 
seldom  occur  after  an  interval  of  cessation.'  ^  Its  period  of  incubation  seems 
to  be  somewhere  about  a  fortnight ;  and  the  period  of  infectiveness  from  two 
to  three  weeks.  According  to  Dr.  Squire,  rotheln  is,  like  measles,  'con- 
tagious even  before  the  rash  is  thrown  out.  .  .  .  '  In  this  country,  or  at 
least  in  London,  it  is  apparently  most  common  from  March  to  June.^  In  an 
epidemic  of  what  was  apparently  rotheln  at  Calcutta,  recorded  by  Surgeon- 
Major  McLeod,  the  cases  occurred  in  the  hot,  rainy,  and  cold  seasons,  but 
those  in  the  cold  season  presented  '  severer  throat  symptoms  and  a  more 
acute  character  generally.'  ■*  As  regards  age  there  seems  difference  of 
-opinion :  some  observers  describe  it  as  most  common  among  adolescents  and 
adults,  while  Professor  Thomas,  on  the  other  hand,  describes  it  as  '  especially 
a  disease  of  childhood,  attacking  indiscriminately  boys  and  girls,  older  and 
younger  children  down  to  suckUngs.'  He,  however,  adds  that  '  adults  up 
to  about  forty  years  are  not  unfr^equently  affected.'  Sex  is  said  to  have  Httle 
influence  on  its  incidence.  It  is  described  as  occurring  in  the  British  Isles, 
on  the  Continent,  in  Egypt,  in  India  and  America.  '  Necessary  relations 
between  epidemics  of  rubeola  and  those  of  other  infectious  diseases,'  according 
to  Thomas,  '  do  not  exist.' 

The  consensus  of  modern  authorities  as  to  the  existence  of  a  malady  of 
the  above  sort  seems  to  be  too  strong  to  allow  of  serious  doubt  upon  the 
point ;  but  to  the  independent  mind  a  perusal  of  the  literature  of  the  subject 
may  perhaps  justify  suspicion  that  the  attitude  adopted  by  some  authorities 
upon  this  matter  is  somewhat  too  exclusive  and  absolute.  It  has  to  be 
noted  that  some  of  the  epidemics  which  have  been  recorded  as  examples  of 
this  disease,  by  apparently  careful  observers,  have  differed  conspicuously 
from  the  characters  now  generally  regarded  as  indicative  of  the  malady  in 
question.  In  some  of  such  epidemics  a  considerable  mortality  seems  to  have 
occurred,  and  in  other  respects  the  disease  has  differed  fr'om  that  now 
regarded  as  true  rotheln.  It  is  easy,  of  course,  to  assert  that  such  out- 
breaks as  do  not  exactly  coincide  with  the  modern  conception  of  rotheln 
are  but  unrecognised  outbreaks  of  either  scarlet  fever  or  measles,  but  there 
is  a  decided  suspicion  of  petitio  princiini  about  such  a  procedure.  It  may, 
for  instance,  be  that  rotheln,  admitting  it  to  be  a  separate  disease,  is  sus- 
ceptible, under  certain  conditions  of  environment,  of  greater  variations  than 
it  is  customary  to  admit — indeed,  more  recent  experience  seems  in  favour  of 
this  being  the  case.  Or,  again,  it  may  be  that  in  addition  to  the  separate 
malady  having  the  characters  usually  ascribed  to  rotheln,  there  are  other 
maladies  also  capable  of  separation  from  measles  and  scarlet  fever.  lu 
a  sense,  too,  the  separate  and  specific  character  of  rotheln  is  perhaps  ex- 
aggerated, for  it  seems  now  to  be  usually  held  that  it  has  no  definite  re- 

'  William  Squire,  M.D.,  article  on  '  Eubella,'  Qitain's  Dictionary  of  Medicine,  vol.  ii. 
Dr.  Clement  Dukes  also  found  that  thirty-nine  out  of  sixty- three  cases  had  previously  had 
measles. 

-  Fagge,  op.  cit.,  i.  224. 

^  See  Dr.  Hopwood's  article  on  Kotheln  in  Fowler's  Dictionary  of  Practical  Medicine. 

*  '  On  the  Prevalence  of  Epidemic  Eoseola  in  Calcutta,'  by  Kenneth  McLeod,  A.M., 
M.D.,  F.E.C.S.,  Epidem.  Soc.  Trans.,  1884-85. 
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-lationship  to  ordinary  measles.  This  of  course  may  be  so,  but  the  two 
xhseases  would  certainly  seem  to  bear  a  strong  family  resemblance,  and 
it  would  appear  not  unlikely  that  rotheln,  although  a  relatively  separate  and 
moderately  stable  malady,  may  still  be  genetically  related,  in  the  sense  at 
least  of  descent  from  a  common  stock,  to  measles  or  scarlet  fever^probably 
the  former.  Such  other  epidemics,  too,  as  those  above  referred  to,  which 
seem  to  have  differed  somewhat  from  ordinary  scarlet  fever  and  measles,  as 
well  as  perhaps  from  rotheln,  may  possibly  have  been  still  other  descendants 
from  the  common  stock  ;  or  they  may  perhaps  have  been  even  more  closely 
related  to  measles  or  scarlet  fever,  from  one  or  other  of  which  maladies  they 

.may  have  been  recently  evolved  under  special  circumstances  of  environ- 
ment. 

Neither  would  there  seem  any  inherent  impossibility  in  the  notion  of  some 
of  such  disease  varieties,  including  rotheln,  being  of  a  hybrid  character,  as 
has  frequently  been  suggested. 

It  might  be  suggested  as  a  criticism  upon  the  hybrid  theory  that  in 
bacteria  sexual  processes  are  absent.     This,  however,  can  by  no  means  be 

:  safely  affirmed. 

Neither  scarlet  fever  nor  measles  appears  decidedly  to  protect  against 
rotheln,  nor  does  that  disease,  it  is  said,  confer  any  immunity  against  them. 
But  it  must  be  borne  in  mind  that  protection  is  a  relative  matter ;  and  it 
does  not  follow,  because  in  one  epidemic  of  rotheln  a  certain  number,  and 
even   a   comparatively  large  number,  of   persons  attacked   have  previously 

:  suffered  from  measles,  that  the  escape  of  some  other  persons  in  such  epi- 
demic may  not  have  been  due  to  protection  afforded  by  previously  acquired 
measles.  If  it  is  true  that  '  more  escape  in  a  house  or  school  during  an 
epidemic  of  rubeola  than  during  one  of  measles,'  this  may  possibly,  though  of 
course  not  necessarily,  be  due  to  the  cause  referred  to.  Lastly,  it  would  be 
premature  to  allege  that  diseases  descended  from  a  common  stock  must 
necessarily  protect  against  each  other. 

Whatever  its  origin,  however,  there  seems  no  doubt,  as  already  said,  that 
cases,  both  sporadic  and  epidemic,  of  an  ailment,  having  some  of  the  appear- 
ances of  measles  and  some  of  those  of  scarlet  fever,  are  frequently  met  with 
in  this  and  other  countries  ;  but  at  present  little  can  be  said  with  confidence 
as  to  their  epidemiological  characters,  and  the  whole  subject  requires  careful 

.  study. 

Even   Professor   Thomas,   one   of  the  most   distinguished   and   ardent 

■  supporters  of  the  separate  and  specific  character  of  this  disease,  remarks : 
'  There  are  few  diseases  in  regard  to  which  opinions  vary  so  much  as  about 

:  rubeola,  or  rather  about  that  which  is  designated  as  rubeola  by  various 
authors.  The  work  of  separation  and  discrimination,  which  has  by  degrees 
given  us  a  definite  conception  of  the  other  acute  exanthems,  has  by  no  means 
reached  its  final  result  as  regards  this.' 

There  is  one  matter,  however,  which,  from  a  public  health  point  of  view, 
is  important,  and  that  is  the  certainty  that  in  practice  '  rotheln  '  is  too 
frequently  pressed  into  the  service  as  a  cloak  to  difficulty  in  diagnosis. 
'  "  German  measles,"  '  says  Dr.  Goodhart,  '  is  a  term  which  is  terribly  abused. 
A  doubtful  rash  makes  its  appearance,  and  the  medical  man,  instead  of 
saying  he  is  not  certain  of  its  nature,  calls  it  German  measles.  "  Then  it  ia 
not  scarlatina  ?  "  ask  the  parents.  "  No,"  says  the  doctor ;  and  the  parents, 
thinking  nothing  of  measles,  take  no  precautions.  Any  hospital  physician 
sees  many  such  cases,  and  knows  also  very  well — considering  the  rarity  of 
the  actual  disease — that,  when  he  has  to  do  with  what  is  called  German 

.measles,  it  is  more  probable  than  not  that  the  nature  of  the  malady  is  scarla- 
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tinal,  and  that  in  this  direction  he  must  look  for  the  explanation  of  "whatever- 
sequelte  he  may  meet  with.'  The  disastrous  consequences  which  follow  the- 
com'se  above  indicated  need  not  be  pointed  out. 


SCAELET   FEYEB. 


Synon. :  Scarlatina  ;  Fr.  Scarlatine  ;  Ger.  Scharlachfieher  ;  It.  Fehbre 

Scarlatina. 

History  and  Geographical  Distribution. — The  complete  differentiation  of 
scarlet  fever  was  set  on  foot  by  Sydenham,  whose  description  of  the  disease  as- 
'  febris  scarlatina '  was  based  upon  experiences  of  it  as  it  occurred  in  London 
from  1661  to  1675.  In  this  connection  it  is  interesting  to  note  that  Syden- 
ham makes  no  mention  of  sore  throat  as  one  of  the  symptoms  of  scarlet 
fever  (Fagge).  Subsequently  the  distinct  and  separate  character  of  scarlet 
fever  was  more  fuUy  established  by  Heberden,  Fothergill,  Willan,  and 
Withering.  But  though  not  differentiated  until  the  latter  half  of  the  seven- 
teenth century,  scarlet  fever  was  described  by  Ingrassias  as  early  as  1556, 
and  somewhat  later  by  Coring,  Sennert,  and  other  writers.  According  to 
Hirsch,^  '  the  oldest  notice  relating  probably  to  an  epidemic  of  scarlatina 
dates  from  Sicily,  1543 ; '  but  Hirsch  is  of  opinion  that  the  disease  was 
prevalent  on  the  continent  of  Europe  long  before  the  period  from  which 
we  derive  the  earhest  medical  accounts  of  it. 

Prior  to  the  time  of  Sydenham,  scarlet  fever  had  been  regarded  as  a 
variety  of  measles,  and  even  Morton,  a  contemporary  of  Sydenham,  held  to  • 
this  view  and  described  it  as  '  morhilli  confluentes.' 

Though  it  is  evident  from  what  has  been  said  that  scarlet  fever  has 
long  been  prevalent  in  Europe,  its  introduction  into  many  other  parts  of 
the  world  seems,  as  in  the  case  of  measles,  to  have  taken  place  in  com- 
paratively recent  times.  Thus  it  was  apparently  unknown  in  North  America 
until  about  1735,  and  it  did  not  become  prevalent  in  South  America  untiL 
1830.     It  first  reached  Austraha  and  Polynesia  in  1848  (Hirsch), 

At  the  present  day  scarlet  fever  is  most  widely  distributed  in  the  north- 
western countries  of  Europe.  In  Eussia  also  it  appears  to  be  somewhat 
widely  prevalent.  It  occurs,  though  apparently  to  a  lesser  extent,  in  Italy, 
Turkey,  Greece,  and  some  of  the  Mediterranean  islands.  It  is  widely 
diffused  over  North  and  parts  of  South  America,  but  it  does  not  appear  to 
have  been  frequently  prevalent  in  Austraha  ;  and,  although  often  imported, 
it  has  never  firmly  estabhshed  itself  in  Asia,  except  along  the  coast  of  Asia 
Minor,  or  in  Africa  except  perhaps  in  Algiers.  As  regards  the  broad  geo- 
graphical distribution  of  scarlet  fever,  Hirsch  remarks  that  'the  area  of 
diffusion  of  scarlet  fever  is  much  smaller  than  that  of  small-pox  or  of 
measles  ;  that  the  continents  of  Asia  and  Africa,  which,  as  we  have  seen,  are- 
among  the  chief  seats  of  these  two  diseases  and  especially  of  small-pox,  have 
been  visited  by  scarlet  fever  at  the  utmost  to  a  very  small  extent,  allowing- 
even  for  imperfections  of  record.' 

As  regards  England,  the  Eegistrar-General  points  out  in  his  47th  Annual 
Eeport  (page  xiv)  that  for  the  years  1871-80  the  mortality  from  scarlet- 
fever  among  children  under  five  years  of  age  was  above  the  general  average 
in  the  follo-^dng  counties,  beginning  with  those  having  the  highest  mortality  : 
Durham,  Lancashire,  Northumberland,  West  Eiding,    Staffordshire,   War- 

'  See  Hirsch,  op.  cit,  i.  172. 
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wickshire,  Cheshire,  South  Wales,  Worcestershire,  Derbyshire,  and  Cumber- 
land. 'It  thus  appears,'  he  remarks,  'that  even  after  due  correction  is 
made  for  age  distribution,  scarlet  fever  is  for  some  reason  or  other  most 
destructive  in  the  industrial,  and  especially  the  mining  counties.  .  .  .  The 
explanation  that  naturally  suggests  itself  is  that  probably  the  population  in 
industrial  and  mining  counties  live  in  more  than  averagely  close  aggregation, 
and  that  the  spread  of  infection  is  thus  facilitated.' 

'If,  however,  this  were  the  true  and  complete  explanation  we  should 
expect  the  geographical  distribution  of  other  infectious  diseases  to  tally  with 
that  of  scarlet  fever.'  But  this,  the  Registrar-General  remarks,  '  is  not  true 
as  regards  diphtheria  ;  nor  does  it  seem  altogether  true  as  regards  measles.' 

The  contrast  between  the  geographical  distribution  of  diphtheria  and 
scarlet  fever  is  a  matter  of  very  great  interest,  and  has  also  been  especially 
pointed  out  by  Dr.  G.  B.  Longsta£f,i  and  by  Dr.  Edgar  Barnes,^  who  has 
published  maps  showing  the  marked  difference  between  the  distribution  of 
diphtheria  and  scarlet  fever  during  the  years  1880-86. 

Periodicity. — Although  more  or  less  constantly  present  in  large  commu- 
nities in  which  it  is  firmly  established,  scarlet  fever  at  times  assumes  a  wide 
epidemicity.  It  extended,  for  instance,  over  Denmark,  England,  Germany, 
and  France  in  1825-26,  and  again,  as  well  as  over  Ireland  and  Eussia,  in 
1832-35  ;  over  Germany,  Denmark,  England,  and  Scotland  in  1846-49 ; 
over  North  America  in  1821  and  1851,  and  South  America  in  1831-37 
(Hirsch).  From  a  study  of  the  Swedish  mortality  records  Dr.  Arthur 
Eansome  considers  that,  as  regards  scarlet  fever  mortality,  '  not  only  a  short 
cycle  of  four  to  six  years  may  be  traced,  but  also  a  long  undulation  of  fifteen 
or  twenty  years  or  more ;  which  may  be  likened  to  a  vast  wave  of  disease 
upon  which  the  lesser  epidemics  show  like  ripples  upon  the  surface  of  an 
ocean  swell.'  ^ 

Dr.  Whitelegge  finds  that  at  Nottingham  scarlet  fever  exhibits  a  weekly 
cycle,  the  notified  cases  falling  to  a  minimum  upon  the  Wednesday.  This 
he  regards  as  probably  due  to  the  diminished  likelihood  of  infection  through 
the  agency  of  school  attendance  upon  the  Sunday. 

Mortality. — The  following  table,  compiled  from  the  annual  reports  of  the 
Eegistrar-General,  shows  year  by  year  the  mortahty  from  scarlet  fever  in 
England  and  Wales,  during  registration  times. 

It  will  also  be  seen  that  diphtheria  deaths  were  included  by  the  Eegistrar- 
General  with  those  from  scarlet  fever  until  the  year  1855.  But  subsequently 
to  that  date  the  returns  form  a  continuous  series  comparable  with  one  an- 
other qua  scarlet  fever ;  and  it  will  be  at  once  observed  that  there  has  of 
late  years  been  a  most  satisfactory  decline  in  the  scarlet  fever  death-rate.  It 
must  not,  however,  be  too  confidently  assumed  that  this  decline  is  per- 
manent, for,  as  Dr.  Thorne  *  remarks  :  '  There  is,  perhaps,  no  disease  con- 
cerning which  it  can  be  said  with  less  certainty  that  diminutions  year  by 
year  in  its  fatality  foretell  a  permanent  lessening  in  its  prevalence  than  is  the 

'  The  Geographical  Distributiou  of  Diphtheria  in  England  and  Wales.  Sup.  Eeport 
of  the  Medical  Officer  to  the  Local  Gov.  Board  for  1887.  Eepublished  in  '  Studies  and 
Statistics.' 

-  '  The  Etiology  of  Diphtheria,'  by  E.  G.  Barnes,  M.D.,  British  Medical  Journal, 
July  28,  1888. 

3  Arthur  Eansome,  M.D.,  '  On  the  Form  of  the  Epidemic  Wave,  &c.,'  Trans.  Epidem. 
Soc,  1881-82. 

■»  E.  Thorne  Thorne,  M.B.,  F.E.S.,  '  The  Progress  of  Preventive  Medicine  during  the 
Victorian  Era.'  Being  the  Inaugural  Address  delivered  before  the  Epidemiological  Society 
of  London,  Session  1887-88. 
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Table  II. — Showing  year  by  year  the  total  deaths  registered  in  England  and  Wales 
during  registration  times  as  due  to  scarlet  fever ;  with  the  corresponding  death-rates 
per  million  living  and  the  average  annual  death-rate  for  each  quinguennial  'period. 
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case  in  regard  of  scarlatina.  Not  only  do  different  outbreaks  vary  very  greatly 
as  regards  mortality,  but  the  epidemic  prevalences  tend  to  occur  in  cycles ; 
and  an  abatement  extending  over  a  few  years  has  been  known  to  be  followed 
by  a  wide  and  fatal  diffusion  of  the  infection.  And  not  only  so,  but  the 
more  recent  diminution  in  the  amount  of  fatal  scarlatina  may  be  in  note- 
worthy part  matter  of  diagnosis.  .  .  .  But,  after  making  every  allowance, 
there  remains  the  important  fact,  that  ever  since  the  decennial  period  1861-70 
there  has  been  a  very  general  and  fairly  steady  diminution  in  the  fatality  of 
scarlatina  in  this  country,  until,  in  1885,  the  rate  of  death  from  that  cause 
was  less  than  a  quarter  of  that  which  formerly  prevailed ;  and  it  is  impos- 
sible not  to  regard  so  long-continued  and  marked  an  abatement  as  an 
indication  that  some  of  the  means  conducing  to  the  spread  of  this  very  fatal 
fever  have  been  materially  restricted.' 

Fatality  or  Case  Mortality. — The  fatality  of  scarlet  fever  varies  largely 
in  different  epidemics  and  even  at  times  during  the  different  stages  of  the 
same  epidemic.  It  may  range  between  3  and  30  per  cent,  of  attacks.  Probably 
10  per  cent,  is  near  the  average  rate  for  hospital  practice  ;  but  since  hospital 
cases  are  doubtless  above  the  average  as  regards  severity,  especially  if 
allowance  is  made  for  the  mild  cases  among  the  general  public  which  escape 
identification,  it  is  likely  that  10  per  cent,  is  too  high  as  a  general  estimate. 

Of  the  causes  of  the  decided  variations  in  the  malignancy  of  different 
epidemics  little  is  known.     Judging  from  the  evidence,  it  would  seem  clear 
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that  although,  other  things  being  equal,  unwholesome  conditions  of  life 
almost  certainly  have  some  influence  in  this  respect,  and  the  same  is  probably 
true  of  season  of  the  year,  yet  these  are  far  from  being  the  controlling  factors.'' 
The  type  of  an  epidemic  is,  in  fact,  evidently  something  much  more  funda- 
mental— something,  we  may  hazard  the  suspicion,  intimately  concerned  with 
the  evolutionary  phases  of  the  species  of  micro-organism  upon  which  the 
disease  depends. 

Influence  of  Climate. — It  appears  highly  probable  that  scarlet  fever  is 
influenced  by  climate.  Not  only  is  it  clear,  as  will  be  shown  later,  that  in, 
this  country  its  prevalence  is  to  a  considerable  extent  regulated  by  season,. 
which  is  suggestive  of  the  influence  of  varying  climatic  conditions,  but  the 
fact  that  the  disease  has  not  established  itself  in  the  tropical  or  sub-tropical 
portions  of  Asia  and  Africa  would  certainly  seem  to  imply  that  there  is  some- 
thing in  the  climate  of  those  countries  which  is  unfavourable  to  its  develop- 
ment. It  would  not  by  any  means  appear  to  exclude  this  inference  to  refer, 
as  Hirsch  does,  to  the  fact  that  scarlet  fever  '  has  often  been  found  epidemic 
in  the  tropical  countries  of  South  America,'  for  climate  includes  many  factors 
other  than  mere  temperature.  The  subject  requires  much  closer  study  before 
a  definite  conclusion  can  be  reached  ;  but  it  is  probable  that  temperate  and 
humid  climates  are  most  favourable  to  scarlet  fever. 

And  Season. — As  regards  season,  Hirsch  found  that  of  435  epidemics  of 
scarlet  fever  in  Europe  and  North  America,  29'5  per  cent,  attained  their 
maximum  in  the  autumn,  24-7  in  winter,  24  in  summer,  and  21*8  per  cent.. 
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in  spring.  In  London,  according  to  Dr.  Buchan  and  Sir  Arthur  Mitchell,, 
whose  curve  is  here  given,  the  mortality  from  scarlet  fever  is  at  its  lowest  in 
April,  and  attains  its  maximum  in  October,  again  falling  rapidly  in  December^ 

It  must  not,  however,  be  assumed  that  the  seasonal  prevalence  of  scarlet. 
fever  is  the  same  for  all  countries.  According  to  Dr.  Whitelegge,  for  instance,. 
the  mortality  curve  for  New  York  is  practically  the  reverse  of  that  for  London,, 
the  maximum  being  in  April,  and  the  minimum  in  September. 

But  for  England  it  may  be  confidently  stated  that  both  the  prevalence- 
and  mortality  of  scarlet  fever  are  greatest  in  the  autumn  and  least  in  the- 
spring. 

Dr.  Ballard  found  that  of  3,850  cases  of  scarlet  fever  recorded  in  the  books; 
of  the  Poor-law  medical  officers  and  the  various  medical  institutions  in 
Islington  for  the  twelve  years  1857-68,  17"7  per  cent,  occurred  in  the  first 
quarter,  17*3  in  the  second,  29-9  in  the  third,  and  35-1  in  the  fourth. 

Dr.  Longstaff  ^  has  constructed  the  following  diagram,  which  shows  the 
close  similarity  between  the  curve  based  upon  the  weekly  average  of  London 
scarlet  fever  deaths  and  that  of  the  admissions  to  the  Metropolitan  Asylums. 
Board  hospitals  of  scarlet  fever  patients,  for  the  ten  years  1875-85. 

It  must  be  remembered,  however,  that  the  admissions  to  hospital 
must  not  offhand  be  assumed  to  be  a  correct  measure  of  the  geaewil  scar- 


'  See  Hirsch,  op.  cit.,  i.  187. 
^  Studies  in  Statistics,  p.  405. 
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latinal  prevalence,  for  it  is  doubtless  the  more  severe  cases  that  seek  admis- 
sion to  hospital.  But  this  possible  source  of  fallacy  is  in  great  part  eliminated 
by  a  table  constructed  by  Dr.  Whitelegge,  which  is  based  on  the  notification 
returns  of  twelve  large  English  and  Scotch  towns,  and  which  also  shows  the 
prevalence  of  scarlet  fever  to  be  greatest  in  the  autumn. ^ 

As  to  the  influence  of  particular  meteorological  conditions  upon  scarlet 
fever  prevalence  and  mortality,  the  evidence  put  forward  by  different  observers 
is  conflicting.  But  Dr.  Longstaff  2  has  pointed  out  that  there  appears  to  be 
an  inverse  relationship  between  the  mortality  from  scarlet  fever,  and  certain 
other  diseases,  and  the  rainfall.  '  The  same  result  is  obtained,'  he  says, 
'  whether  the  amount  of  the  fall  or  the  number  of  days  on  which  it  falls 
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is  considered,  the  connection  being  somewhat  closer  in  the  latter  case.'  This 
accords  with  Dr.  Ballard's  general  conclusion,  that  a  temperature  above  the 
average  for  the  season,  and  a  dry  state  of  the  atmosphere  with  little  rain, 
favour  the  prevalence  of  scarlet  fever  more  than  the  reverse  conditions. 

From  what  has  been  said  above,  it  is  clear  that  in  this  country  both  the 
prevalence  and  mortality  of  scarlet  fever  are  greatest  in  the  autumn  and  least 
in  the  spring.  But  what  shall  we  say  as  to  fatality,  i.e.  the  proportion  of 
deaths  to  attacks  ?  Is  scarlet  fever  more  fatal  as  well  as  more  prevalent 
in  autumn  than  in  other  seasons  ?  Distributing  into  the  seasons  in  which 
they  happened  the  1,993  scarlet  fever  deaths  which  occurred  in  the  entire 
parish  of  Islington  during  the  twelve  years  1867-68,  and  distributing  also  in 
similar  fashion  the  3,850  cases  of  scarlet  fever  which  occurred  in  the  public 
practice  of  the  district  during  the  same  period.  Dr.  Ballard,  by  calculating  for 
each  quarter  the  proportion  borne  by  the  deaths  in  the  entire  parish  to  the 
cases  in  the  whole  public  practice,  arrived  at  the  conclusion  that  in  Islington 
parish,  during  the  twelve  years  in  question,  scarlet  fever  was,  on  the  whole, 
less  fatal  and  serious  during  the  third  or  summer  quarter,  and  most  fatal  in  the 
first  or  winter  quarter,  and  that  the  fatality  of  the  spring  and  autumn  was  equal. 

Dr.  "Whitelegge,  again,  points  out  that  the  seasonal  curve  of  notified 
attacks  differs  but  little  in  outline  from  the  mortality  curve,  but  that  at 
ahnost  every  point  the  deviation  from  the  mean  line  is  less  in  the  death 
curve  than  in  the  attack  curve  ;  in  other  words,  the  mortality  rises  and 
falls  proportionately  less  than  the  cases  do,  indicating  that  at  the  season  of 
the  year  in  which  the  disease  is  most  prevalent  it  is  least  fatal,  and  vice  versa. 


'  Epidcm.  Soc.  Trans.,  N.S.,  vol.  vii. 


2  Op.  cit.,  p.  322. 
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On  the  other  hand,  some  observers  have  been  led  by  their  personal  ex- 
periences to  regard  the  autumn  as  the  season  in  which  scarlet  fever  is  most 
severe  as  well  as  most  prevalent.  Thus  Dr.  Gresswell  ^  quotes  Fothergill,  to 
the  effect  that  he  met  with  more  cases  of  malignant  scarlet  fever  '  from 
September  to  December  inclusive  than  in  all  the  other  months  together.' 
"Willan  wrote  of  scarlet  fever  :  '  This  disease,  as  is  usual  in  the  summer 
naonths,  exhibits  a  mild  train  of  symptoms,  and  soon  terminates  favourably, 
mthout  producing  any  material  affection  of  the  throat.  For  some  years  past 
;it  has  always  been  most  virulent  and  dangerous  in  the  months  of  October  and 
-November,  but  generally  ceased  on  the  first  appearance  of  the  frost.'  Other 
observers  have  found '  that  in  summer  the  affection  of  the  throat  was  frequently 
:S0  trifling  as  not  to  demand  any  particular  attention.  Haygarth  found  the 
•disease  most  virulent  in  October  and  November.' 

As  regards  the  588  patients  (admitted  to  the  Asylums  Board  hospitals 
between  early  September  1887  and  early  February  1888),  of  whom  Dr.  Gress- 
well had  sole  charge,  it  appears  that  the  severity  of  the  disease  '  was  greatest 
among  persons  attacked  in  October,  and  the  first  three  and  a  half  weeks  or 
•so  of  November ;  and  that  it  began  to  fall  off  rapidly  afterwards.'  This 
increased  severity  made  itself  apparent  not  only  in  the  death  returns,  but  in 
the  relative  frequency  of  the  graver  manifestations  of  the  disease.  '  I  shall 
show,'  says  Dr.  Gresswell,  '  that  after  a  certain  date  the  symptoms,  which 
had  up  to  that  date  evidenced  a  general  progressive  increase  of  relative  fre- 
quency and  intensity,  remarkably  ameHorated  ;  and  that  this  amehoration 
commenced  definitely  in  the  latter  part  of  November.'  Dr.  Gresswell  then 
illustrates  by  statistical  table,  and  graphically  by  a  chart,  the  relation  to 
season  of  the  complications  and  more  serious  phases  of  the  disease  as 
observed  in  his  688  patients.  In  reference  to  the  table  and  chart  he  points 
out  that  'though  in  some  points  the  clinical  statistics  of  the  September, 
October,  and  November  cases  were  much  alike,  the  relative  incidence  of 
many  complicating  conditions  increased  from  September  into  October  or 
November,  and  fell  away  suddenly  in  December.  .  .  .  The  graver  manifes- 
tations, in  fact,  became  relatively  more  frequent,  and  I  may  add  more 
marked,  from  September  into  October  or  November  ;  and  then  they  suddenly 
fell  ofl' ;  not  merely  in  regard  to  two  or  three  determinations,  but  in  regard 
to  most  of  them — changes  which  were  also  expressed  in  the  monthly 
mortality.' 

It  has  to  be  borne  in  mind,  of  course,  that  Dr.  Gresswell's  scrutiny  of 
this  question  only  extended  to  a  limited  number  of  cases  at  a  particular  period 
of  an  epidemic  ;  and  whether  further  inquiry,  of  similar  exactitude,  based 
upon  a  larger  series  of  attacks,  will  support  the  view  that  the  fatality  of 
scarlet  fever,  like  its  prevalence  and  mortality,  is  greatest  in  the  autumn 
months  remains  to  be  seen.^ 

But  that  the  prevale7ice  and  mortality  of  scarlet  fever  in  this  country  are 
at  their  lowest  in  the  spring,  and  thenceforward  rise  steadily  through  the 
summer,  attaining  their  maximum  in  the  autumn,  we  have  seen  to  be  facts 
beyond  doubt. 

The  Influence  of  Age  and  Sex. — The  relations  of  age  and  sex  to  attack  and 
death  by  scarlet  fever  are  dealt  with  at  length  in  the  49th  Annual  Eeport 

>  Nakiral  History  of  Scarlet  Fever.     By  D.  Astley  Gresswell,  M.A.,  M.D. 

2  Since  the  above  was  written,  Dr.  Whitelegge  has  explained  the  results  of  his  further 
researches  into  the  subject  of  epidemic  disease  periodicities.  These  results  tend  to  confirm 
his  previous  suspicion  that  the  seasonal  increase  in  the  mortality  of  certain  diseases, 
including  scarlet  fever,  is  due  to  increased  prevalence  of  such  diseases,  and  not  to  an 
increase  in  their  fatality,  i.e.  case  mortality. 
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(1886,  page  xiv)  of  the  Eegistrar-General.  It  is  impossible  here  to  give  the 
details  of  the  Eegistrar-General's  investigation,  but  the  important  conclu- 
sions at  which  he  arrives  are  thus  stated  : — 

'  1.  The  mortality  from  this  disease  is  at  its  maximum  in  the  third  year 
of  hfe,  and  after  this  diminishes  with  age,  at  first  slowly,  afterwards  rapidly.. 
2.  This  diminution  is  due  to  three  contributory  causes  :  (a)  the  increased 
proportion  in  the  population  at  each  successive  age  period  of  persons 
protected  by  a  previous  attack ;  (ft)  the  diminution  of  liabihty  to  infection 
in  successive  age  periods  of  those  who  are  as  yet  unprotected;  (y)  the 
diminishing  risk  in  successive  age  periods  of  an  attack,  should  it  occur, 
proving  fatal.  3,  The  liabihty  of  the  unprotected  to  infection  is  small  in  the 
first  year  of  life,  increases  to  a  maximum  in  the  fifth  year  or  soon  after,  and 
then  becomes  rapidly  smaller  and  smaller  with  advance  of  years.  4.  The 
chance  that  an  attack  will  terminate  fatally  is  highest  in  infancy,  and 
diminishes  rapidly  with  years  to  the  end  of  the  twenty-fifth  year,  after  which 
an  attack  is  again  somewhat  more  dangerous.  5.  The  female  sex  through- 
out life,  the  first  year  possibly  excepted,  is  more  hable  to  scarlet  fever  than 
is  the  male  sex.  6.  But  the  attacks  in  males,  though  fewer,  are  more  likely 
to  terminate  fatally. 

'  Now  it  is  sometimes  said  that  the  separation  from  its  family  of  a  child 
who  is  attacked  by  scarlet  fever  is  scarcely  worth  the  trouble  and  expense  it 
involves,  seeing  that  the  rest  of  the  children,  though  they  may  escape  on  that 
special  occasion,  are  almost  certain  to  contract  this  very  common  disease  at 
some  future  time,  and  may  therefore  as  well,  if  not  preferably,  have  it  at 
once.  The  results,  however,  to  which  our  statistical  inquiry  has  led  us,  are 
completely  subversive  of  such  a  position.  They  show— mdependently  of  the 
plain  fact  that  a  very  large  proportion  of  persons  go  through  life  without 
ever  contracting  the  disease— that  the  longer  an  attack  is  deferred,  the  less 
Hkely  it  is  to  occur  at  all ;  and  not  only  so,  but  that,  even  supposing  it  to^ 
occur  eventually,  the  less  hkely  it  is  to  end  fatally.' 

The  influences  of  age  and  sex  in  relation  to  scarlet  fever  have  also  been 
dealt  with  by  Dr.  Whitelegge  ^  upon  the  basis  of  6,288  cases  of  scarlet 
fever  notified  in  the  three  large  towns  of  Nottingham,  Salford,  and  Leicester. 
The  results,  thus  independently  arrived  at,  substantially  coincide  with  those 
of  the  Eegistrar-General,  except  that  in  Dr.  Whitelegge's  cases  the  case 
mortality  was  rather  higher  in  the  second  year  of  hfe  than  in  the  first.  The 
practical  conclusion  from  Dr.  Whitelegge's  investigation  is  that  '  in  shielding 
a  child  against  infection  during  the  first  few  years  of  life  there  is  a  double 
gain  ;  every  year  of  escape  from  scarlet  fever  renders  him  less  and  less  sus- 
ceptible, until  finally  he  becomes  almost  insusceptible  ;  and,  secondly,  even 
if  he  should  ultimately  take  the  disease,  every  year  that  the  attack  is  deferred 
reduces  the  danger  to  life  which  it  brings.' 

Cause  and  Dissemination. — That  the  essential  cause  of  scarlet  fever  is  a 
micro-organism  there  can,  on  general  principles,  be  little  doubt ;  but  with 
respect  to  this  branch  of  the  subject,  see  p.  152,  ante.  As  regards  dissemina- 
tion, it  has  long  been  known  that  scarlet  fever  may  be  spread  by  direct  infec- 
tion from  case  to  case,  and  also  by  indirect  infection  through  the  medium 
of  infected  clothing,  furniture,  books,  letters,  &c.  There  are  cases  on 
record,  too,  which  seem  to  place  beyond  doubt  the  possibihty  of  the  poison 
being  handed  on  from  infected  linen  to  other  linen  in  laundries,  and  in  this 
doubly  indirect  way  spreading  the  disease.  Moreover,  it  has  frequently  been 
observed  that  the  scarlet  fever  poison  is  capable,  under  certain  circumstances, 
of  retaining  its  infective  power  for  considerable  periods  of  time,  altogether 

»  Epidem.  Soc.  Trans.,'is.S.,  vol.  vii.,  1887-88. 
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outside  the  human  body.  A  fresh  outbreak  of  the  disease,  for  instance,  has 
been  observed  to  follow  upon  the  disturbing  of  some  previously  infected 
garment  which  had  been  put  away  in  a  drawer  for  months. 

Until  recent  years  the  above  methods  of  dissemination,  i.e.  immediate 
infection  from  a  previous  human  case,  or  mediate  infection  from  ante- 
cedent human  cases,  through  the  agency  of  fomites,  were  generally  regarded 
as  exhausting  the  possible  methods  of  scarlet  fever  transmission.  And 
farther  it  was  apparently  not  contemplated  that  the  mediate  method 
referred  to  involved  any  multiplication  of  the  organism  outside  the  human 
body,  but  simply  its  storage  and  conveyance.  In  the  year  1870,  however, 
Dr.  M.  W.  Taylor  opened  the  way  to  a  very  great  advance  in  our  know- 
ledge of  the  natural  history  of  scarlet  fever.  While  studying  an  outbreak 
of  that  disease  which  occurred  in  the  town  of  Penrith,  he  observed  that 
the  main  incidence  of  the  disease  was  upon  the  customers  of  a  parti- 
cular dairy.  Following  up  the  suggestion  thus  gained,  he  found  that,  prior 
to  the  general  outbreak  in  the  town,  a  child  at  the  dairy  in  question  had 
suffered  from  scarlet  fever,  and  that  not  only  was  the  milk  taken  into  the 
infected  dwelling  before  distribution  to  the  customers,  but  that  the  child's 
mother,  while  acting  as  sick-nurse,  also  at  times  milked  the  cows.  These  facts, 
coupled  with  the  circumstance  that  many  of  the  sufferers  in  the  town  had 
no  communication  with  the  dairy  except  through  the  medium  of  the  milk, 
seemed  irresistibly  to  point  to  milk  as  the  vehicle  of  the  infection.  Subse- 
quently other  observers  recorded  like  experiences  elsewhere,  and  as  a  result 
Mr.  Ernest  Hart  was  able,  in  1881,  to  refer  to  fifteen  epidemics  of  scarlet 
fever  in  which  there  was  evidence  of  dependence  upon  infected  milk  service. 
So  far,  however,  the  milk  was  generally  looked  upon  as  having  become 
accidentally  infected  by  human  agency.  Later  investigations  by  Mr.  Power 
and  Dr.  Klein  seem  to  have  shown  beyond  doubt  that  human  scarlet  fever 
may  be  produced  by  milk  which  owes  its  infective  property  to  an  ailment  of 
the  cow.  Sut  with  respect  to  this,  and  the  subject  of  milk-scarlet  fever 
generally,  the  reader  must  be  referred  to  Dr.  Klein's  article  (p.  146,  ante). 

The  infection  of  scarlet  fever  seems  to  be  given  off  by  the  breath,  the 
secretions  from  the  nose,  mouth,  pharynx,  ears,  and  perhaps  kidneys,  and 
also  by  desquamating  cuticle.  It  may  apparently  cause  disease  either  by 
being  inhaled  or  swallowed.  There  is  no  evidence  of  its  being  conveyed  by 
water,  and  inasmuch  as  the  disease  does  not  appear  to  spread  in  the  neigh- 
bourhood of  fever  hospitals,  it  would  seem  that  the  infection  is  not  capable  of 
being  conveyed  any  great  distance  by  air  currents. 

According  to  Prof.  Thomas,  several  observers  have  successfully  inoculated 
persons  with  scarlet  fever  virus,  the  inoculation  being  in  some  cases  followed 
by  general,  and  in  others  by  local  scarlet  fever.  Children  so  inoculated  were 
said  not  to  contract  the  disease  when  subsequently  exposed  to  infection. 
He  also  states  that  a  disease  corresponding  to  scarlet  fever  in  man  has 
been  met  with  by  different  observers  in  the  horse,  '  cats,  dogs,  swine,  and 
other  domestic  animals.'  Attacks  of  what  appears  to  be  scarlet  fever  occa- 
sionally follow  surgical  operations,  and  it  is  usually  said  that  such  injuries 
increase  susceptibility  to  that  disease.  At  the  same  time  it  must  be  remem- 
bered that  some  of  such  cases  are  probably  not  scarlet  fever  at  all,  but  septic 
conditions.  Cases  of  the  kind  have  been  observed  under  circumstances 
which  seemed  to  put  scarlet  fever  infection  out  of  the  question.  It  appears, 
too,  according  to  McLeod,^  that  so-called  surgical  scarlet  fever  is  met  with 
in  India,  where  scarlet  fever  is  practically  unknown. 

Period  of  Incubation  and  Infectivenesa. — The  period  of  incubation  of 
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scarlet  fever  is  almost  always,  if  not  invariably,  less  than  a  week,  and  it  may 
be  as  short  as  a  few  hours.  Usually,  however,  it  is  somewhere  between  two 
and  four  days. 

The  infective  period  extends  from  the  earUest  symptoms  to  the  end  of 
convalescence,  but  it  is  greatest  when  the  fever  is  at  its  height.  No  patient 
can  ever  with  safety  be  allowed  to  mix  with  the  healthy  until  the  expiration 
of  at  least  six  weeks,  no  matter  how  slight  the  attack ;  and  it  will  often  be 
necessary  to  extend  the  period  of  isolation  to  eight  or  nine  weeks,  or 
even  longer,  for  it  must  be  continued  until  all  traces  of  desquamation  have 
ceased.  Moreover,  it  must  be  remembered  that  discharges  from  the  ear 
and  nose  are  capable,  for  a  time  at  least,  of  spreading  the  disease,  and  the 
same  is  possibly  true  of  albuminuria.  It  also  has  to  be  borne  in  mind  that 
recrudescence  of  the  disease — especially  recurrent  sore  throat  and  albuminuria 
— sometimes  occurs,  and  it  is  doubtful  how  late  such  true  recrudescences 
may  take  place,  and  renew  the  infective  condition  of  the  patient. 

Protection. — One  attack  usually  confers  immunity  throughout  life,  though 
well-marked  second,  and  even  third,  attacks  occasionally  occur.  According 
to  Dr.  Squire,^  persons  too  who  have  previously  suffered  from  the  disease, 
*  when  much  exposed  to  it,  may  have  sore  throat  or  other  signs  of  partial 
sickening  sufficient  to  start  the  disease  elsewhere.'  Such  modified  second 
attacks  quite  likely  renew  the  protection  of  the  persons  thus  affected. 

Belation  to  other  Diseases. — It  has  been  stated  by  Loschner,  Kostlin,  and 
others  that  scarlet  fever  epidemics  especially  tend  to  follow  upon  outbreaks 
•of  measles.  This,  however,  is  denied  by  other  authorities.  If  any  relation- 
ship of  the  kind,  beyond  a  purely  casual  one,  occurs,  the  probable  explana- 
tion would  seem  to  be  that  suggested  by  Kosthn,  viz.  that  measles  increases 
the  susceptibility  to  scarlet  fever,  and,  indeed,  this  would  appear  not  to  be 
xmlikely. 

Scarlet  fever  is  sometimes  found  closely  associated  with  diphtheria. 

The  beUef  in  a  close  relationship  between  scarlet  fever  and  a  form  of 
puerperal  fever,  in  the  sense  of  the  infection  of  the  former  being  capable  of 
■originating  the  latter,  has  been  widely  held.  It  is  certain  that  in  some  cases 
in  which  recently  confined  women  have  been  freely  exposed  to  the  poison  of 
scarlet  fever,  no  harm  has  resulted.  Nevertheless,  the  danger  of  such  an 
occurrence  has  been  maintained  by  high  authorities,  and  is  probably  a  real 
one,  even  if  it  may  have  been  somewhat  exaggerated.  It  derives  some  indirect 
support,  too,  from  the  circumstance  that  scarlet  fever  seems  undoubtedly  to 
exercise  an  injurious  influence  upon  vaccination,  apparently  giving  rise  to 
irregularity,  and  in  some  cases  playing  a  part  in  the  causation  of  septic 
mischief  with  erysipelatous  manifestation. 


TYPHUS  FEVEE 


Synon. :  Petechial  Fever,  Gaol  Fever,  Ship  Fever,  Spotted  Fever.  Fr.  Typhus ; 
Ger.  Exanthematischer  Typhus,  Flecktyphus  ;  It.  Tifo. 

History  and  Distribution. — Typhus  has  only  in  our  own  day  been  clearly 
differentiated  from  other  fevers,  notably  enteric  and  relapsing  fevers,  with 
which  it  had  been  previously  confused.  There  can  be  no  doubt,  however,  as 
to  its  having  existed  for  a  number  of  centuries,  and  Murchison  believed  it  to 
have  been  referred  to  by  Thucydides.    Hirsch,  after  pointing  out  that  much  of 

'  '  Scarlet  Fever,'  Quain's  Diet,  of  Medicine. 
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the  *  war  or  famine  sickness  '  of  history  was  doubtless  '  a  mixture  of  various 
kinds  of  disease,  such  as  diarrhoea,  dysentery,  scurvy,  typhus,  and  frequently 
also  malarial  fever  and  typhoid,'  refers  to  an  outbreak  of  fever  at  a  monastery 
near  Salerno  in  the  year  1083  as  one  of  the  earliest  records  of  typhus  having 
any  degree  of  definiteness.  The  more  reliable  history  of  typhus,  however, 
seems  to  date  from  the  sixteenth  century,  during  which  period  Hirsch  finds 
*  numerous  accounts  of  the  disease  from  almost  every  part  of  Europe.' 
Throughout  the  seventeenth,  eighteenth,  and  earlier  part  of  the  present 
century  it  appears  to  have  been  widely  prevalent  in  Europe,  visiting  at 
one  or  another  time  practically  every  country,  including  Iceland.  Great 
Britain  and  Ireland  suffered  extensively  ;  and  indeed  Ireland  occupies  a  con- 
spicuous place  in  the  history  of  this  disease.  '  In  no  part  of  Europe,'  says 
Hirsch,  '  does  typhus  bear  the  character  of  an  endemic  malady  so  decidedly 
as  in  Ireland.'  Severe  epidemics,  many  of  which  appear  to  have  spread  from 
that  country  to  England  and  Scotland,  occurred  in  Ireland  in  the  years 
1708-10,  1718-21,  1728-31,  1770-72,  1797-1802,  and  during  the  present 
century  1816-19,  1821-22,  1826-28,  1836-37,  1846-47,  1862-64.  Eussia, 
Italy,  and  Spain  have  also  suffered  heavily.  Hirsch  considers  that,  speaking 
generally,  the  '  period  of  typhus '  came  to  an  end  about  the  year  1815,  and 
he  states  that  since  that  time  '  the  disease  on  European  soil  has  only  once,  in 
1846-47,  attained  the  same  general  diffusion  which  the  history  of  pestilence 
presents  to  us  so  often  in  former  centuries.'  During  more  recent  years  the 
prevalence  of  typhus  fever  in  Europe  has  markedly  abated,  and  the  disease 
has  tended  more  and  more  to  limit  itself  to  particular  areas. 

Beyond  Europe,  typhus  has  prevailed  more  or  less  extensively  in  Persia, 
North  China,  Egypt,  and  North  America,  in  which  latter  country  it  would 
seem  to  have  been  largely  a  result  of  immigration.  On  the  other  hand, 
Japan,  Australia,  New  Zealand,  and  the  greater  part  of  Africa,  including 
Cape  Colony,  are  said  to  have  been  exempt  from  the  disease.  In  India  the 
disease  seems  to  be  at  times  observed. 

The  most  important  fact  brought  out  by  a  study  of  the  history  of  typhus 
fever  is  its  practically  invariable  association  with  overcrowding,  starvation, 
and  general  misery,  whether  as  a  result  of  war,  famine,  or  more  continuous 
social  defects  in  the  communities  affected.  This  is  seen  to  be  the  case  both 
by  a  wide  survey  of  the  history  of  the  disease  and  by  a  study  of  its  behaviour 
in  a  given  country.     But  this  matter  will  be  referred  to  later. 

Mortality. — The  more  recent  history  of  typhus  fever  in  England  may 
be  sufficiently  inferred  from  Table  III.  (p.  276),  in  which  it  will  be  seen  that 
with  the  exception  of  a  temporary  check  in  1882-88  the  registered  mortahty 
from  this  disease  has  steadily  declined.'  The  figures  in  the  table  are  taken 
from  the  Annual  Keport  of  the  Eegistrar-General  for  1890  (pp.  xxxviii-xl). 
The  typhus  deaths  were  not  abstracted  prior  to  1869. 

Case  Mortality. — As  will  be  seen  immediately,  age  is  such  an  important 
controUing  factor  as  regards  the  fatahty  of  typhus  fever,  that  the  two  matters 
cannot  be  usefully  discussed  apart.  Murchison,  however,  found  that  of 
18,268  cases  of  typhus  at  all  ages  admitted  into  the  London  Fever  Hospital, 
3,457,  or  18'9  per  cent.,  ended  fatally.  But  he  points  out  that  these,  being 
hospital  cases,  were  doubtless  above  the  average  as  regards  severity,  and  he 

^  It  is  doubtful,  however,  whether  the  actual  typhus  mortality  during  recent  years  is 
not  somewhat  understated  in  these  death  returns.  An  inquiry  in  the  winter  of  1886-87  by 
Mr.  Spear  showed  typhus  to  be  existing  in  no  less  than  seventeen  English  towns, 
and  in  many  instances  the  deaths  had  been  returned  as  due  to  other  causes.  See  later. 
But  notwithstanding  this  there  is  no  doubt  that  a  marked  abatement  has  occurred  in 
recent  years. 
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gives  10  per  cent,  as  a  general  estimate  of  typhus  fatality, 
vary  in  different  epidemics. 


But  this  will 


Table  III. — Shoiuing  the  total  Deaths  from  Typhus  Fever  for  each  Year  frcm, 
1869  to  1891  and  the  corresponding  Death-rate  per  Million  living. 


England 

Engl&nd 

Year 

Total  deatlis 

Death-rate  per 
million  living 

Tear 

Total  deaths 

Death-rate  per 
million  living 

1869 

1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

4,281 

3,297 

2,754 

1,864 

1,638 

1,762 

1,499 

1,165 

1,104 

906 

533 

530 

193 

147 
121 
80 
70 
74 
62 
48 
45 
36 
21 
21 

1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 

552 
940 
877 
328 
318 
245 
211 
160 
137 
151 
137 

21 

36 

38 

12 

12 

9 

8 

6 

5 

5 

5 

Influence  of  Bace,  Age,  and  Sex. — There  is  no  sufficient  evidence  that 
race  exercises  any  influence  over  HabiHty  to  typhus.  It  is  true  that  the 
Irish  have  suffered  excessively  from  this  disease,  but  the  circumstance  is 
probably  due  to  the  relatively  unwholesome  conditions  under  which  the  poor 
of  Ireland  habitually  seem  to  have  lived,  whether  at  home  or  abroad. 

No  age  is  exempt  from  typhus  fever,  but  persons  between  the  ages  of 
fifteen  and  twenty  years  are  most  hable  to  attack.  As  regards  fatahty,  how- 
ever, the  matter  is  very  different,  and  the  risks  to  life,  in  the  event  of  attack, 
increase  largely  with  age. 

Murchison  gives  the  case  mortality  of  the  higher  ages  as  35-39  in  persons 
between  30  and  40 ;  43-48  in  persons  between  40  and  50  ;  63-87  in  those 
between  50  and  60  ;  and  67-04  in  those  over  60.  As  regards  the  earher 
periods  of  Life  he  says  :  '  The  rate  of  mortahty  [fatahty]  was  somewhat  greater 
during  the  first  than  during  the  second  ten  years  of  hf  e.  Thus,  the  mortahty 
during  the  first  five  years  of  life  was  6-69  per  cent. ;  in  the  second  lustrum 
it  fell  to  3-59  ;  between  ten  and  fifteen  it  was  only  2-28  per  cent. ;  and  between 
fifteen  and  twenty  4-46  per  cent.  After  twenty  it  went  on  progressively  in- 
creasing.' ^ 

Sex  is  said  to  have  little  influence  upon  liability  to  attack,  and  the  total 
deaths  are  also  pretty  equally  divided  between  the  two  sexes.  It  would 
appear,  however,  that  the  fatality  is  usually  somewhat  greater  for  males 
at  all  ages  taken  together,  than  for  females.  Murchison's  cases  gave  a  male 
fatahty  of  19-6  per  cent,  of  attacks,  and  a  female  fatahty  of  18-2  per  cent. 
From  five  to  fifteen  years  the  fatality  among  females  was  twice  as  great  as 
that  among  males,  but  after  fifteen  years  the  male  fatahty  was  the  greater  at 
every  period  of  life. 

Influence  of  Climate  and  Season. — From  what  has  already  been  said 
with  regard  to  the  history  and  distribution  of  this  disease,  it  wiU  have  been 
seen  that  it  is  mainly  a  disease  of  temperate  and  colder  climates  ;  for, 
although  it  is  true  that  it  has  prevailed  in  some  tropical  countries,  it  seems 
even  there  to  have  occurred  in  the  colder  seasons  of  the  year,  and  in  the 
more  elevated  locahties.     In  England  both  the  prevalence  and  mortahty  of 

1  The  Continued  Fevers  of  Great  Britain,  p.  236.  By  Charles  Murchison,  M.D., 
r.E.S.      3ra  ed. 
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the  disease  have  probably,  upon  the  whole,  been  greater  in  the  late  autumn, 
winter,  and  spring,  than  in  the  summer  and  early  autumn. 


Jan, 
+  40  p.  cent,  ri  I  1 


Mean  line. 


—  40  p.  cent. 


Typhus — for  all  ages  and  both  sexes  [Buchan  and  Mitchell) 

(London  deaths,  1869-1874) 
Feb.     March   April     May      Jnne      July     Ang.     Sept      Oct      Nov.      Dec. 
I  i 


iq  +40  p.  cent. 


Mean  Line. 


I  n  IJ— 40  p.  cent. 


As  regards  prevalence,  this  is  attested  to  by  the  records  of  admissions  to 
fever  hospitals.  As  regards  mortality,  the  same  result  is  indicated  in  the 
above  curve. 

Dr.  Longstaff  ^  found  that  for  the  ten  years  1875-84  the  mortality  was 
above  the  mean  from  January  to  April  inclusive,  again  slightly  in  June,  and 
lastly  through  October,  November,  and  December.  And  the  maximum  was 
in  November  instead  of  January  as  shown  above.  On  the  whole,  therefore,  it 
would  seem  that  typhus  bears  a  less  constant  relation  to  season  than  is  the 
case  with  several  of  the  other  epidemic  diseases. 

Cause  and  Dissemination. — It  is  inferred  on  general  grounds  that  typhus 
fever  is  caused  by  a  micro-organism,  but  so  far  this  has  not  been  established. 

With  regard  to  accessory  causes,  we  have  already  seen  that  history  dis- 
closes an  association  between  destitution  and  overcrowding,  and  the  rise  of 
outbreaks  of  typhus,  so  close  as  to  render  it  impossible  to  escape  the  view  of 
a  causal  connection  subsisting  between  the  two  phenomena.  Indeed,  so 
striking  is  the  association  that  it  has  frequently  been  maintained,  and  among 
others  by  no  less  an  authority  than  Murchison,  that  the  disease  may  arise 
de  novo  from  such  conditions  alone. 

In  the  introductory  section  of  this  paper  an  attempt  has  been  made  to 
show  that  such  a  doctrine,  if  intended  to  signify  the  origination  of  the 
assumed  microphytic  cause  of  disease  independently  of  parent  microphytes, 
is  untenable.  But  several  other  modes,  by  which  a  disease,  as  such,  might 
practically  have  de  novo  origin,  have  also  there  been  indicated,  and  it  is 
possible  that  one  or  other  of  such  ways  may  have  to  do  with  the  beginning 
of  typhus. 

Another  matter  of  interest  with  respect  to  the  origin  of  typhus  outbreaks 
is  the  possibility  of  their  being  initiated  by  a  '  revivification  of  long  dormant 
contagion,'  and  Mr.  Spear  states  that  he  found  reason  for  attributing  recent 
disease  to  this  cause. 

But  whatever  may  be  the  truth  as  to  the  life  history  of  the  typhus  virus, 
there  is  no  question  of  the  influence  of  overcrowding  and  poverty  as  most 
important  etiological  factors  in  this  disease.  All  authorities  are  agreed  upon 
that  point,  and  it  may  be  confidently  asserted  that,  apart  from  such  circum- 
stances, typhus  would  never  arise.  When  once  started,  however,  the  disease 
is  highly  infectious,  and  although  in  the  main  it  still  tends  to  cling  to  the 
overcrowded  homes  of  the  destitute,  it  frequently  passes  beyond  those  limits, 
for  any  who  are  brought  within  the  range  of  infection  may  become  attacked, 
and  act  as  foci  for  the  dissemination  of  the  disease  elsewhere.  Fortunately 
there  is  a  circumstance  with  respect  to  this  infection  which  largely  tends  to 
limit  the  ravages  of  the  disease,  and  that  is  that  it  does  not  appear  capable 
of  travelling  far  through  the  air  without  losing  its  potency.  Although  highly 
active  in  the  immediate  vicinity  of  the  patient,  it  soon  appears  to  be  rendered 
harmless  by  diffusion  through  the  atmosphere.     With  abundant  ventilation 

>  Studies  in  Statistics,  p.  402. 
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of  the  sick-room,  assuming,  of  course,  proper  isolation  of  the  sick,  there 
need,  therefore,  be  little  danger  of  the  disease  spreading,  except  among  the 
medical  attendants  and  nurses,  whose  duties  necessitate  frequent  and  close 
contact  with  the  sufferers.  That  both  these  classes  of  persons  inevitably 
incur  considerable  risk  is,  however,  but  too  plainly  testified  to  by  the  records 
of  fever  hospitals. 

The  poison  of  typhus  may  be  conveyed  in  clothing,  but  there  is  no  evidence 
of  its  being  disseminated  by  water,  milk,  food,  or  domestic  animals.  It  is 
believed  to  be  given  off  by  the  breath  and  skin  of  the  patient,  and  typhus 
patients  emit  a  peculiar  odour,  perceptible  at  a  distance  of  a  foot  or  two,  which 
Las  been  thought  to  be  associated  with  the  infection. 

Periods  of  Incubation  and  Infectiveness, — The  period  of  incubation  of 
typhus  fever  varies  considerably  in  different  cases,  and  this  is  probably  due 
to  the  quality  of  the  poison  as  regards  concentration  ;  probably  also  to  the 
dose  of  the  poison  received  and  the  condition  of  the  recipient.  Most  authori- 
ties, however,  including  Murchison,  give  the  usual  period  as  about  twelve 
days.  Some  have  stated  it  as  shorter :  thus  Dr.  Beveridge  gives  it  as  '  about 
a  week,'  and  Lebert  as  five  to  seven  days.  Murchison  considered  that  the 
infection  is  comparatively  slight  during  the  first  week  of  the  illness,  but  that 
the  disease  is  most  contagious  from  the  end  of  the  first  week  up  to  conva- 
lescence. It  is  therefore  impossible  to  lay  down  a  definite  rule  as  to  the  actual 
length  of  time  that  infection  wiU  last  in  different  cases,  but  probably  it  is 
never  safe  to  allow  a  patient  to  mix  with  others  in  less  time  than  a  month  from 
the  date  of  attack,  and  a  longer  period  of  isolation  will  often  be  necessary. 

Protection. — One  attack  of  typhus  fever  usually  protects  against  the 
disease  for  the  future ;  but  although  second  attacks  are  unfrequent  they  do 
occasionally  occur,  and  in  exceptional  instances  the  disease  appears  to  confer 
practically  no  immunity  at  all,  the  individual  contracting  it  whenever 
exposed  to  infection.     Such  cases,  however,  are  very  rare. 


EELAPSINa  FEVEE 


Synon. :  Famine  Fever ;  Seven-day  Fever  ;  Bilious  Bemittent  Fever  ;  Bilious 
Typhoid  Fever ;  Febris  vel  Typhus  recurrens.  Fr.  Fievre  a  rechutef 
Typhus  d  rechute  ;  Ger.  Das  recurrirende  Fieber,  Hungerpest ;  It.  Tifo 
Becidivo. 

History  and  Geographical  Distribution. — It  is  generally  considered  that 
the  first  reliable  reference  to  relapsing  fever  is  that  of  Kutty,  who,  in  his 
*  Chronological  History  of  the  Diseases  of  Dublin '  (1770),  described  an 
epidemic,  evidently  of  this  disease,  as  having  occurred  there  in  the  year  1739. 
There  can,  however,  be  Uttle  doubt  that  relapsing  fever  had  occurred  in 
earlier  times.  Murchison,  indeed,  considered  that  an  epidemic  in  the  island 
of  Thasus,  recorded  by  Hippocrates,  '  resembled  it  very  closely  in  most  of  its 
characters,  including  an  intermission  of  five  or  seven  days  between  the 
febrile  attacks,  jaundice,  epistaxis,  tendency  to  miscarry,  &c.' 

Subsequently  to  1739,  further  epidemics  occurred  in  DubKn,  in  1745, 1748, 
and  1764-65.  The  first  recognisable  description  of  relapsing  fever  in  the 
records  of  Scotland  seems  to  date  from  1741.  In  the  year  1799,  and  again 
in  the  years  1817  and  1826,  the  disease  occurred  in  both  Ireland  and  Scot- 
land. It  then  apparently  disappeared  until  1841,  when  it  broke  out  in 
Scotland,  appearing  the  following  year  in  Ireland  (Hirsch).  In  1843  it  was 
also  widely  prevalent  in  Scotland.  So  complete  seems  to  have  been  its 
cessation  in  that  country  between  1826  and  this  period,  tha    Murchison  says 


NATUBAL  HISTORY  OF  INFECTIOUS  DISEASES     279 

it  was  now  '  regarded  by  many  as  a  new  disease.'  It  was  at  this  time  that 
the  doctrine  of  relapsing  fever  as  a  distinct  and  separate  disease  was  definitely 
promulgated  by  Dr.  Henderson,  of  Edinburgh,  and  other  Scotch  physicians  ; 
though,  according  to  Miirchison,  Dr.  O'Brien,  of  Dublin,  had  drawn  a  dis- 
tinction between  relapsing  fever  and  typhus  as  early  as  1828.  Prior  to  this, 
relapsing  fever  had  most  commonly  been  regarded  as  a  variety  of  typhus, 
with  which  disease  it  was  usually  found  to  be  associated  in  epidemics.  By 
some  observers,  however,  it  has  been  looked  upon  as  a  malarious  form  of 
yellow  fever. 

Further  outbreaks  occurred  in  Ireland  and  Scotland  in  1847-48,  and  the 
disease  now  appeared  in  different  English  towns,  including  London,  Croydon, 
Liverpool,  and  Manchester.  Between  1868-73  it  was  again  prevalent  in 
Scotland  and  England,  the  earliest  cases  in  London  being  '  chiefly  in  a 
quarter  inhabited  by  Irish  and  by  poor  Jewish  emigrants  from  Poland' 
(Hirsch). 

Outside  Britain  the  disease  seems  first  to  have  been  observed  in  Kussia, 
where  it  apparently  occurred  in  single  epidemics  in  1833  and  1840,  and  on 
an  extensive  and  widespread  scale  in  1863-64.  In  1878-79  it  broke  out  again 
among  the  Eussian  troops  in  Bulgaria.  It  was  observed  in  Germany  in  1847, 
and  was  widely  diffused  in  that  country  in  1868,  appearing  again  in  1871-72 
and  1878-79.  There  are  a  few  references  to  the  disease  in  the  Scandinavian 
kingdoms  and  Belgium,  but  apparently  none  as  regards  France,  Switzer- 
land, Italy,  Spain,  and  Portugal.  Similarly,  the  Australian  colonies  seem  to 
have  been  so  far  exempt.  The  disease  has,  however,  occurred  in  North 
America,  India,  China,  and  Egypt. 

Mortality. — In  Table  IV.  will  be  found  the  deaths  recorded  in  England 
and  Wales  as  having  resulted  from  relapsing  fever  in  each  of  the  years  from 
1869  to  1890,  the  deaths  being  given  for  males  and  females  separately. 
From  this  table  it  will  be  seen  that  the  mortality  from  relapsing  fever  has 
during  the  period  in  question  always  been  insignificant,  even  in  epidemic 

Table  IV. — Showing  the  Deaths,  at  all  Ages,   of   Males    and  Females  registered  in 
England  and  Wales  in  the  Years  1869-1891  as  due  to  Eelapsing  Fever. 


Tear 

Males 

Females 

Total 

Tear 

Males 

Females 

Total 

1869 

72 

67 

139 

1881 

6 

9 

15 

1870 

301 

327 

628 

1882 

4 

9 

13 

1871 

155 

172 

327 

1883 

7 

9 

16 

1872 

25 

38 

63 

1884 

6 

6 

12 

1873 

21 

20 

41 

1885 

5 

5 

10 

1874 

13 

10 

23 

1886 

3 

4 

7 

1875 

25 

27 

52 

1887 

3 

6 

9 

1876 

17 

13 

30 

1888 

4 

4 

8 

1877 

22 

13 

35 

1889 

1 

2 

3 

1878 

11 

14 

25 

1890 

2 

1 

3 

1879 

10 

12 

22 

1891 

4 

7 

11 

1880 

9 

12 

21 

years,  as  compared  with  that  of  typhus,  enteric,  and  some  of  the  other  fevers. 
It  will  also  be  observed  that  it  has  diminished  during  successive  years  in  a 
manner  similar  to  that  of  typhus. 

Fatality. — The  fatality  or  case  mortality  of  relapsing  fever  is  low. 
Dr.  Grimshaw  gives  it  as  from  1-2  to  2  per  cent,  for  London,  and  as  up  to  4 
and  4"5  per  cent,  for  other  places,  the  average  rate  being  about  4  per  cent. 
Murchison's  statistics  give  the  rate  for  Great  Britain  as  4*03  per  cent. 

Influence  of  Sex. — More  males  appear  to  be  attacked  than  females.  This 
Murchison  considered  due  to  the  fact  of  there  being  a  larger  proportion  of 
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males  among  the  class  most  prone  to  the  disease,  viz.  the  vagrant  class. 
But  although  more  males  appear  to  be  attacked,  more  females  die  of  the 
disease,  so  that  the  case  mortality  among  the  latter,  at  all  ages  taken 
together,  is  higher  than  that  among  the  former.  According  to  Murchison's 
London  Fever  Hospital  figures,  the  case  mortality  was  l'Q4,  per  cent,  for 
males  and  2*15  for  females  ;  '  but  this  result  is  attributable  to  a  larger  propor- 
tion of  the  males  being  under  thirty  years  of  age.  Under  fifty  the  mortahty 
was  greater  among  females,  but  above  fifty  it  was  much  greater  among  males.' 

And  Age. — As  ■s\dth  typhus  and  enteric  fever,  so  with  relapsing  fever,  the 
largest  number  of  attacks  occur  in  the  age  period  fifteen  to  twenty  years.  But 
the  subsequent  fall,  especially  during  the  years  twenty-five  to  forty-four,  is  less 
sudden  than  in  the  case  of  enteric  fever,  and,  in  this  respect,  more  resembles 
that  of  typhus. 

The  following  table,  which  is  compiled  from  three  tables  given  by  Mur- 
chison,  shows  the  percentage  of  attack  at  each  period  of  life  by  each  of  these 
three  diseases.  The  percentages  are  based  upon  18,138  cases  of  typhus,  2,111 
of  relapsing,  and  5,911  of  enteric  fever. 

TABLE  V. 


Age 

Percentage  at  each  period 
of  life,  of  attacks  at  all  ages 

Age 

Percentage  at  each  period  of 
Ufe,  of  attacks  at  aU  ages 

Tj-phus 

Relapsing 

Enteric 

Typhus 

Eelapsiag 

Enteric 

Under  5  years 

1-29 

1-84 

•98  ; 

From  50  to  54 

4-35 

3-78 

•60 

From    5  to    9 

6-59 

5-96 

9-44 

„      55  to  59 

2-42 

1-84 

•33 

„      10  to  14 

12-06 

11-08 

18-16 

„      60  to  64 

2-20 

2-55 

•33 

„      15  to  19 

16-16 

19-13 

26-86 

„      65  to  69 

1-03 

-56 

•08 

„      20  to  24 

13-23 

16-81 

19-69 

„      70  to  74 

•46 

•23 

•00 

„      25  to  29 

9-52 

9-80 

10-15 

„      75  to  79 

•17 

•04 

•03 

„      30  to  34 

8-36 

8-43 

5-36 

Above  80 

•01 

-00 

-00 

„      35  to  39 

8-03 

6-82 

3-40 

Age  not  specified 

-00 

•00 

1-30 

„      40  to  44 
„      45  to  49 

8-30 
5-72 

6-72 
4-26 

2-09 
1-08 

99-90 

99-85 

99-88 

The  fatahty  of  relapsing  fever  is  very  low  during  the  early  years  of  life, 
but,  like  that  of  ty|)hus,  markedly  increases  with  advancing  years.  Murchison 
gives  the  following  London  Fever  Hospital  figures : — 

Under  30  years,  1,366  cases,    7  deaths,  or      *51  per  cent. 
Above  30      „         745      „      32  „  4-29 

„      50      „         191      „      18         „  9-42 

„      60      „  72      „        9         „  12-50 

Influence  of  Season. — Pielapsing  fever  seems  to  exhibit  a  considerable  in- 
dependence of  season.  On  the  whole,  perhaps  its  attacks  are  somewhat 
more  common  in  the  winter  than  during  the  warmer  periods  of  the  year. 
The  mortahty  also  appears  to  be  greatest  in  the  winter. 

Cause  and  Modes  of  Dissemination. — The  phenomena  of  relapsing  fever 
are  beheved  to  be  bound  up  \Aih.  the  presence  in  the  blood  of  a  particular 
spirillum  (see  page  171). 

The  predisposing  causes  of  relapsing  fever  appear  to  be  identical  with  those 
of  typhus,  viz.  overcrowding,  filth,  and  starvation.  Murchison  maintained 
that  starvation  was  the  main  factor,  relapsing  fever  differing  somewhat  from 
typhus  in  this  respect ;  but  the  experiences  of  other  observers  throw  great 
doubt  upon  this,  for  in  some  notable  epidemics  starvation,  according  to  the 
records,  certainly  cannot  be  said  to  have  been  a  conspicuous  etiological  factor. 
Eather  it  seems  that  overcrowding,  and  all  which  that  entails,  is  the  impor- 
tant element,  though,  no  doubt,  starvation,  fatigue,  and  the  hke  are  powerful 
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contributory  causes  when  present.  As  regards  the  influence  of  overcrowding 
there  seems  no  doubt. 

When  once  estabHshed,  relapsing  fever  is  highly  infectious.  '  The  mode 
■of  communication,'  Murchison  remarks,  'is  probably  the  same  as  in  typhus 
— that  is  to  say,  the  poison  is  conveyed  through  the  air,  or  by  fomites,  from 
the  sick  to  the  healthy,  and  actual  contact  is  not  necessary.' 

With  regard  to  the  distance  to  which  the  poison  will  travel  through  the 
atmosphere,  Murchison  further  says :  '  It  is  only  they  who  are  in  close 
communication  with  the  sick,  or  who  visit,  or  reside  in,  their  badly  ventilated 
dwellings  that  suffer.  With  free  ventilation  the  disease  almost  ceases  to  be 
communicable.'  Medical  men  and  nurses  are,  as  in  typhus,  particularly 
liable  to  contract  the  disease,  and  laundresses  also  frequently  contract  it  from 
washing  the  clothes  of  patients. 

There  are  no  grounds  for  thinking  that  soil,  or  topographical  or  geological 
■circumstances,  have  any  influence  over  the  rise  and  spread  of  the  disease. 

Period  of  Incubation. — More  exact  data  are  wanted  with  respect  to  the 
period  of  incubation.  Murchison  considered  that,  on  the  whole,  it  was  shorter 
than  that  of  typhus.  Like  that  of  typhus,  however,  it  seems  to  be  subject 
to  considerable  variation.  The  Silesian  physicians  gave  it  as  from  four- 
teen to  twenty-one  days,  and  Lebert  as  from  three  to  seven  days.  Among 
the  twelve  cases  in  which  Murchison  considered  that  he  definitely  fixed  it, 
there  were  variations  from  '  attack  immediate  on  exposure '  up  to  fourteen 
■days. 

Protection. — Eelapsing  fever  appears  to  afford  comparatively  little  pro- 
tection against  subsequent  attack.  Certainly,  second  attacks  are  of  much 
more  common  occurrence  than  in  the  case  of  typhus. 

Belation  to  other  Diseases. — Eelapsing  fever  has  generally  been  observed 
to  occur  in  epidemic  association  with  typhus,  and  the  most  usual  course  of 
events  in  these  mixed  epidemics  has  been,  as  Murchison  shows,  that  '  the 
proportion  of  relapsing  cases  has  been  greater  at  the  commencement  than 
towards  the  close  of  the  epidemic,  and  with  the  advance  of  the  epidemic 
typhus  has  taken  the  place  of  relapsing  fever.' 

The  commonly  accepted  explanation  of  the  frequent  association  of  these 
two  diseases  is  that  their  predisposing  causes  are  similar,  the  diseases  them- 
selves being  held  to  be  specifically  distinct,  and  therefore  dependent  upon 
different  essential  causes. 

The  belief  in  the  separate  nature  of  the  two  diseases  appears  to  be  based 
mainly  upon  the  following  considerations :  {a)  that  they  present  marked 
clinical  differences  ;  [h)  that  the  one  disease  does  not  give  rise  to  the  other  ; 
(c)  that  one  does  not  protect  against  the  other  ;  [d)  that  Obermeier's  spirillum 
is  not  observed  in  the  blood  of  typhus  patients,  but  is  always  present  in 
that  of  relapsing  fever  patients  during  the  relapse. 

These  arguments,  if  all  well  founded,  must  reasonably  be  allowed 
considerable  weight.  Nevertheless,  as  elsewhere  pointed  out,  it  is  by  no 
means  impossible  that  diseases  possessing  relatively  specific  characters  may 
yet  have  some  genetic  relation  to  one  another,  and  thus  it  must  not  be  too 
hastily  concluded  on  the  ground  of  ehnical,  or  even  apparent  bacteriological, 
differences  that  such  diseases  are  entirely  unrelated. 

Looked  at  from  this  standpoint,  it  is  difficult  to  avoid  being  struck  with 
the  similarity,  as  regards  epidemiological  features,  of  these  two  diseases. 
They  admittedly  occur  under  much  the  same  conditions,  and  relapsing  fever  is 
usually  associated  with  typhus.  They  both  seem  to  be  entirely  independent 
of  soil,  and  largely  independent  of  season.  In  their  modes  of  dissemination 
they  are  strikingly  similar— so  similar,  indeed,  that  Murchison,  a  firm  sup- 
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porter  of  the  '  separate '  doctrine,  says  of  the  behaviour  of  the  relapsing  fever 
infection  that  '  the  remarks  made  on  this  subject  under  the  head  of  Typhus 
apply  with  equal  force  to  relapsing  fever.'  Considering  the  peculiarities  of 
the  typhus  infection,  this  is  a  suggestive  circumstance.  The  diseases  also 
resemble  each  other  in  the  marked  increase  of  their  fatality  with  advancing 
years  of  life  ;  and  there  is,  too,  a  general  resemblance  between  their  age 
incidence  in  the  matter  of  attack.  Their  latent  period  seems  to  be  similarly 
variable.  The  geographical  distribution  of  recognised  relapsing  fever,  it  is 
true,  is  less  wide  than  that  of  typhus  ;  but,  as  Murchison  remarks,  it  is 
'  much  wider  than  it  was  once  supposed  to  be.'  Moreover,  relapsing  fever 
was  first  recognised,  and  has  been  most  conspicuously  present,  in  countries 
especially  prone  to  typhus,  notably  Ireland  and  Eussia.  Lastly,  it  seems 
doubtful  whether  the  arguments  mentioned  above  as  forming  the  basis  of  the 
doctrine  of  the  separateness  of  these  two  diseases  are  all  founded  upon  fact. 

The  assumption  that  the  one  disease  does  not  give  rise  to  the  other 
appears  to  be  based  on  the  statement  that,  during  mixed  epidemics,  cases  of 
both  kinds  are  not  found  coming  from  the  same  households.  But  it  is  pointed 
out  by  Fagge  that,  according  to  Murchison's  later  records,  this  is  not 
strictly  true.  Then,  again,  the  great  frequency  with  which  mixed  epidemics 
have  been  observed  to  consist  mainly  at  the  outset  of  relapsing  fever  and 
later  of  typhus  may  possibly  be  indication  of  'progressive  development.' 
Even,  however,  if  both  these  positions  should  be  untenable,  it  may  still 
be  that  the  two  diseases  are  evolution  varieties  of  a  common  stock,  but 
breeding  true,  and  consequently  each  producing  only  its  own  kind. 

As  regards  the  statement  that  the  diseases  do  not  protect  against  each 
other  there  seems  also  some  doubt.  It  is  true  that  well-authenticated  cases 
of  persons  having  suffered  from  both  these  diseases  have  been  recorded  by 
different  observers.  But  such  cases  do  not  prove  the  proposition  in  question. 
Second  attacks  of  both  typhus  and  relapsing  fever  are  known  to  occur,  and 
protection  is  a  matter  of  degree.  On  the  other  hand,  the  late  Dr.  J.  C. 
Steele  observed  '  that  in  the  epidemic  of  1848  persons  who  had  previously 
suffered  from  typhus  were  not  attacked  by  relapsing  fever  ;  and  the  same 
thing  is  said  to  have  been  noticed  recently  in  epidemics  at  St.  Petersburg  and 
at  Breslau,  .  .  .  while  Lebert  draws  attention  to  the  fact  that  in  his  cases 
of  typhus,  among  those  who  had  already  passed  through  relapsing  fever, 
the  mortality  was  only  half  as  great  as  in  the  population  generally.  Do 
these  facts,'  it  is  very  naturally  asked,  '  indicate  that  after  all  there  is  between 
the  two  diseases  some  connection  the  nature  of  which  is  not  at  present 
understood  ? '  ^ 


INFLUENZA 

Synon. :  Epidemic  Catarrh,  ^v.  La  Grippe;  G ex.  Influenza;  li.  Influenza, 

History  and  Distribution. — When  influenza  reappeared  in  England  at 
the  close  of  the  year  1889  there  was  a  marked  tendency  among  the  public, 
and  even  the  medical  profession,  towards  the  view  that  we  had  amongst  us 
some  enth'ely  new  scourge — so  unfamiHar  had  we  become  in  this  country 
with  the  character  of  the  malady.  Yet,  curiously,  there  is  perhaps  no 
disease  which  has  so  frequently  swept  over  the  face  of  the  globe  in  pandemic 
waves. 

Zuelzer,  in  his  article  on  influenza  in  Ziemssen's  '  Cyclopaedia,'  expresses 

>  Fagge,  op.  cit.,  i.  154. 
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the  opinion  that  that  disease  can  only  with  certainty  be  traced  back  to  the 
beginning  of  the  sixteenth  century,  though  he  points  out  that  epidemics  of 
catarrhal  fever  which  may  have  been  influenza  are  recorded  as  early  as  the 
ninth  century.  Hirsch,^  on  the  other  hand,  considers  that  '  the  disease  may 
be  followed  into  the  remotest  periods  from  which  we  have  any  epidemio- 
logical record  at  all ; '  and  in  a  paper  read  before  the  Society  of  Medical 
Officers  of  Health  in  February  1890,  Dr.  W.  H.  Clemow  ^  referred  to  various 
interesting  early  epidemics  dating  back  from  the  year  1481  to  the  time  of 
Hippocrates,  some  of  which  would  certainly  seem  to  have  been  influenza. 
Ignoring  earlier  records,  which  were  thought  too  deficient  in  detail  to  be  of 
much  use  for  epidemiological  purposes,  though  '  they  certainly  relate  to 
influenza,'  Hirsch  gives  a  long  list  of  epidemics  extending  over  the  period 
from  1173  to  1875,  and  affecting  at  one  or  another  time  every  quarter  of 
the  globe. 

But  the  first  extensive  pandemic  of  which  we  have  reliable  information 
seems  to  have  occurred  in  the  year  1510,  and  Zuelzer  remarks  that  with 
that  year  '  begins  a  series  of  epidemics,  the  wide  distribution  of  which  has 
been  reached  by  no  other  acute  infectious  disease.' 

The  chief  epidemics  in  this  country  during  the  present  century  occurred 
in  the  years  1803,  1833,  1837-38,  and  1847-48.  But  in  addition  to  these 
major  epidemics,  Dr.  Parsons,  in  his  report  to  the  Local  Government  Board 
on  the  influenza  epidemic  of  1889-90,  points  out  that  in  the  earlier  years 
which  followed  the  major  epidemics  of  1837  and  1848  minor  periodical 
recurrences  at  intervals  of  three  or  four  years  may  be  traced  in  the  death 
returns  of  the  Eegistrar- General  down  to  the  year  1858.^  Whether  the  lesser 
prevalences  should  be  regarded  as  the  periodical  flickerings  of  the  dying  virus 
left  in  this  country  by  the  larger  epidemics,  or  whether  they  should  be  con- 
sidered in  connection  with  the  prevalence  of  the  disease  in  other  countries 
during  the  same  years,  is  doubtful,  for  it  seems,  according  to  Hirsch,  that 
influenza  was  epidemic  in  Germany  in  1841  ;  in  Germany,  France,  Eussia, 
and  North  America  in  1843-44 ;  generally  over  the  western  and  eastern 
hemispheres  in  1850-51 ;  generally  over  Europe,  including  the  Faroe  Islands 
and  Iceland,  in  1855-56  ;  and  generally  again  over  the  western  and  eastern 
hemispheres  in  1857-58.  Since  that  time  influenza  is  recorded  by  Hirsch 
as  having  occurred  in  Australia,  North  America,  Bermudas,  Netherlands, 
Cape  of  Good  Hope,  and  Iceland  between  1860  and  1862  ;  New  Caledonia, 
France,  California,  and  Switzerland  in  1863-64 ;  France,  England,  Mauritius, 
Germany,  and  Belgium,  1866-67 ;  Turkey  in  1868  ;  universally  over  North 
America  in  1873,  and  widely  over  Europe  and  North  America  in  1874-75.  But 
notwithstanding  this  influenza  prevalence  in  other  countries,  it  would  appear 
tolerably  clear  from  the  Eegistrar-General's  returns  that  England  enjoyed 
a  comparative  immunity  from  the  disease  for  a  number  of  years  prior  to 
1889.  The  present  epidemic,  of  which,  during  the  past  three  winters,  we 
have  had  such  a  painful  experience,  would,  however,  seem  to  be  one  of  the 
most  severe  and  widespread  ever  recorded.  Its  original  progress  over  the 
globe  was  also  more  rapid  than  that  of  previous  epidemics. 

Geographical  Distribution  and  Influence  of  Race,  Climate,  and  Season. — 
A  glance  at  the  history  of  this  disease,  whether  it  be  at  the  general  history  or 
the  history  of  this  latest  epidemic,  shows  influenza  to  have  a  world-wide  dis- 
tribution, and  consequently  to  affect  persons  of  all  nationalities.  Climate, 
season,  and  weather  also  appear  to  have  no  controlling  influence  over  its 

'  Op.  cit.,  i.  7. 

2  •  Epidemic  Influenza,'  by  Dr.  W.  H.  Clemow,  Puhlic  Health,  April  1890. 

3  See  Table  VI.,  p.  285. 
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spread,  and  Dr.  Parsons  points  out,  with  respect  to  the  1890  outbreak, 
that,  like  former  epidemics,  it  '  prevailed  nearly  at  the  same  time  at  places  in 
the  north  and  south  hemispheres,  i.e.  in  opposite  seasons  of  the  year.  It 
has  prevailed  in  the  cold  of  Eussia  and  the  heat  of  India  ;  in  the  moist 
climate  of  the  British  Isles  and  the  dry  air  of  Egypt.  In  Spain  its  advent 
was  preceded  by  a  month  of  cold,  dry,  frosty  weather,  and  at  New  York  by 
the  mildest  and  moistest  season  on  record.'  Speaking  of  former  experience, 
Hirsch  says  that,  in  its  origin,  influenza  is  independent  '  of  the  seasons  and  of 
the  influences  of  the  weather  ;  and  it  is  in  that  respect  that  it  is  marked  off 
most  essentially  and  most  decidedly  from  epidemic  bronchial  catarrh.' 
Zuelzer  expresses  the  same  view.  Telluric  influences  appear  also  without 
notable  effect  upon  influenza. 

As  to  the  original  home  of  the  disease  nothing  is  known.  But  in  the 
northern  hemisphere  influenza  epidemics  have  exhibited  a  tendency  to  travel 
from  east  to  west.  This  is  stated  by  Zuelzer,  Watson,  and  others  ;  and 
Hirsch,  although  he  appears  to  consider  that  such  a  '  progress  of  the  disease 
in  a  definite  line  from  east  to  west '  has  been  exaggerated,  admits  that  it 
cannot  be  denied  that  '  some  pandemics,  regarded  as  a  whole,  do  afford  evi- 
dence of  the  sickness  travelling  in  the  alleged  direction,  from  east  to  west.' 
The  present  epidemic  certainly  followed  this  course. 

Periodicity. — Of  any  regular  and  sustained  periodicity  history  seems  to 
afford  no  evidence,  though  the  annual  recurrences  of  the  disease  during  the 
last  three  or  four  years  might  perhaps  point  to  an  annual  developmental  cycle 
of  the  poison.  The  apparent  tendency  of  the  disease  on  previous  occasions 
to  recur  at  intervals  of  three  or  four  years  has  already  been  referred  to. 

Variatio7i  in  Type. — Influenza  epidemics  differ  in  type  from  time  to  time, 
and  similar  differences  are  commonly  observed  among  different  cases  of  the 
same  epidemic.  Thus  the  prominence  of  ordinary  catarrhal  symptoms  may 
vary  considerably.  In  the  present  epidemic  such  symptoms  have  been  less 
conspicuous  than  on  former  occasions,  though  it  has  been  especially 
pointed  out  by  observers  of  previous  epidemics  that  catarrh,  in  the  ordinary 
sense,  may  be  entirely  absent.  Again,  the  gastro-intestinal,  pulmonary,  and 
nervous  symptoms  may  each  be  more  or  less  prominent  at  different  times, 
though  all,  and  especially  the  last,  seem  to  be  present  in  every  epidemic. 

Different  epidemics  have,  moreover,  preserved  the  same  general  characters, 
such  as  rapidity  of  dissemination,  general  independence  of  climatic,  seasonal, 
age,  and  sex  influences,  relative  suddenness  of  onset  as  regards  attack,  and 
low  case  mortality. 

It  has  been  stated  above  that  when  the  present  epidemic  appeared  in 
1889  many  hesitated  to  regard  it  as  influenza.  This,  however,  was  largely 
due  to  the  erroneous  conception  of  influenza  which  prevailed  as  a  result 
of  the  improper  application  of  the  term  '  influenza '  during  non-epidemic 
periods  to  ordinary  catarrh.  But,  as  Dr.  Parsons  remarks,  'few  persons 
who  have  read  the  history  of  the  previous  epidemics  of  influenza,  and 
compared  it  with  that  of  the  epidemic  of  1889-90,  can  doubt  that  the  disease 
with  which  we  have  been  visited  is  the  same  as  that  which  has  prevailed  so 
extensively  in  former  periods.'  Certainly  influenza  presents  certain  points 
of  similarity  to  dengue,  and  some  persons  were  at  first  not  unnaturally  in- 
clined to  believe  the  present  epidemic  to  be  one  of  that  disease.  Dengue, 
however,  is  essentially  a  disease  of  hot  climates  and  seasons,  is  seldom  fatal, 
is  unattended  with  pulmonary  complications,  almost  always  presents  a  rash, 
and  is  frequently  followed  by  profuse  desquamation.  Other  clinical  distinc- 
tions also  seem  to  exist  between  the  two. 

Mortality.— In  Table  VI.,  page  285,  will  be  found  year  by  year  the  total 
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Table  VI. — Showing  year  by  year  the  Deaths  registered  in  England  as  due  to  Influenza, 
the  corresponding  Influenza  Death-rate  jier  Million  of  the  Population,  and  also 
the  Death-rates  from  diseases  of  the  Respiratory  and  Circulatory  Organs. 


England  and  Wales 

Total  deaths  from 
influenza 

Death-rates  per  million  from 

Tear 

Diseases  of  the 

Diseases  of  the 

Influenza 

respiratory  organs 

circulatory  system 

1838 

806 

55 





1839 

887 

59 

— 

— 

1840 

1,030 

67 

— 

— 

1841 

1,659 

106 

— 

— 

1842 

833 

53 

— 

— 

1847 

4,881 

285 

2,980 

580 

1848 

7,963 

460 

2,587 

556 

1849 

1,611 

92 

2,536 

618 

1850 

1,380 

78 

2,184 

637 

1851 

2,152 

120 

2,705 

657 

1852 

1,359 

76 

2,646 

699 

1853 

1,789 

99 

3,118 

760 

1854 

1,061 

58 

2,856 

734 

1855 

3,568 

193 

3,439 

786 

1856 

1,029 

55 

2,812 

726 

1857 

1,393 

73 

3,057 

775 

1858 

1,794 

93 

3,399 

852 

1859 

1,112 

57 

3,069 

879 

1860 

1,130 

58 

3,484 

956 

1861 

746 

38 

3,233 

909 

1862 

915 

45 

3,358 

930 

1863 

919 

45 

3,308 

959 

1864 

804 

39 

3,363 

1,089 

1865 

596 

29 

3,291 

1,078 

1866 

651 

31 

3,592 

1,059 

1867 

607 

29 

3,312 

1,076 

1868 

306 

14 

2,847 

1,049 

1869 

703 

32 

3,594 

1,144 

1870 

615 

28 

3,626 

1,151 

1871 

348 

15 

3,569 

1,177 

1872 

278 

12 

3,147 

1,193 

1873 

266 

11 

3,632 

1,244 

1874 

245 

10 

3,797 

1,289 

1875 

449 

19 

4,282 

1,381 

1876 

203 

8 

3,656 

1,333 

1877 

205 

8 

3,547 

1,413 

1878 

195 

8 

3,830 

1,445 

1879 

266 

11 

4,332 

1,513 

1880 

171 

7 

3,614 

1,372 

1881 

99 

4 

3,428 

1,369 

1882 

90 

3 

3,565 

1,376 

1883 

107 

4 

3,675 

1,473 

1884 

72 

3 

3,342 

1,506 

1885 

138 

5 

3,737 

1,613 

1886 

83 

3 

3,641 

1,647 

1887 

85 

3 

3,626 

1,666 

1888 

92 

3 

3,502 

1,695 

1889 

55 

2 

3,309 

1,664 

1890 

4,623 

157 

4,120 

1,757 

1891 

16,686 

572 

4,474 

1,826 

influenza  deaths  recorded  by  the  Eegistrar- General  in  England  and  Wales 
during  registration  times,  and  the  corresponding  death-rate  per  million 
of  the  population.  The  death-rates  per  million  living  are  also  given  for 
diseases  of  the  respiratory  organs  and  diseases  of  the  circulatory  system. 
It  will  thus  be  seen  that  a  rise  in  the  deaths  from  influenza  has  generally 
been  attended  by  a  rise  in  the  mortality  from  lung  disease  and  sometimes 
heart  disease.      During  the  years  1890  and  1891  this  is   especially  con- 
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spicuous,  but  it  may  be  traced  elsewhere  in  the  table. ^  The  mortality 
attributable  to  influenza  must  therefore  not  be  measured  solely  by  the  deaths 
registered  as  due  to  that  cause,  but  the  indirect  effect  of  the  malady  as 
expressed  in  the  increased  mortality  from  certain  other  causes  must  be  taken 
into  account.  Accordingly  the  Eegistrar- General  estimates  that,  during  1890, 
*  the  total  number  of  deaths  due  directly  or  indirectly  to  the  epidemic 
influenza  was  not  merely  4,523,  but  27,074,  or  941  per  million  living.' 

Case  Mortality. — The  actual  mortality  from  influenza,  in  such  an 
epidemic  as  we  are  now  passing  through,  is  therefore  a  sufficiently  serious 
matter.  The  fatality,  however,  i.e.  the  proportion  of  deaths  to  attacks,  is 
low,  and  this  seems  to  have  been  a  constant  characteristic  of  influenza.  Dr. 
Parsons  found  that  among  the  in-patients  treated  in  eight  large  London 
hospitals,  from  which  during  the  year  1890  he  obtained  returns,  the  fatality 
was  34*5  per  1,000  cases.  Among  the  total  patients  at  the  same  hospitals, 
'in'  and  'out,'  amounting  in  number  to  5,516,  it  was  only  1*6  per  1,000 
cases.  In  the  Army,  where  the  patients'  ages  and  circumstances  are  favour- 
able for  recovery,  there  were  9  deaths  among  8,103  cases,  or  1-1  per  1,000. 
In  the  more  recent  epidemics  the  case  mortality  seems  to  have  been  greater. 

Influence  of  Age  and  Sex. — The  mortahty  from  epidemic  influenza  is 
greatest  during  the  middle  and  later  periods  of  Hfe,  and  in  this  respect 
there  is  a  marked  contrast  between  that  disease  and  what  in  non-epidemic 
periods  is  loosely  called  influenza,  for  in  the  latter  condition  the  mortality 
is  mainly  among  children  and  old  people.  The  difference  in  the  mortahty  of 
these  two  maladies  at  different  ages  is  well  shown  in  the  following  table 
from  Dr.  Parsons'  report : — 

Table  VII. — Pro;portion  at  the  several  Ages  to  100  Deaths  from  Influenza  at 
all  Ages,  in  London. 


Period 

Percentage  at  several  ages 

Under  1 

1-5 

5-20 

20-40 

40-60 

60-80 

80  and  above 

Total 

1876-89    

First  quarter,  1890  .    . 

32-8 
5-2 

16-0 
4-3 

3-4 
4-7 

3-4 

24-7 

10-0 
36-2 

26-9 
22-4 

7-5 

2-5 

100 
100 

In  the  epidemic  of  1847-48  the  age  mortality  differed  somewhat  from 
that  during  the  first  quarter  of  1890,  in  that  the  greatest  proportion  of  deaths 
occurred  in  the  age  period  60-80,  instead  of  40-60,  as  shown  in  the  table. 
But  it  also  differed  from  that  of  the  influenza  of  non-epidemic  times  'in 
not  showing  the  high  proportion  of  deaths  in  early  childhood.'  As  regards 
liability  to  attack,  Zuelzer,  referring,  of  course,  to  previous  epidemics,  says  : 
Everybody  is  agreed  in  stating  that  epidemics  attack  the  population  without 
distinction  of  age,  sex,  constitution,  or  condition.  .  .  .'  That  children  cannot 
be  regarded  as  in  any  special  degree  exempt  is  proved  by  the  large  percent- 
age attacked  in  different  schools  and  training  ships. 

Cases  of  supposed  influenza  in  new-born  infants  have  also  been  reported. 

With  respect  to  the  incidence  of  the  disease  upon  the  different  sexes,  it 
appears  from  the  Kegistrar-General's  reports  that  in  the  epidemic  years 
1847-48  there  were  6,819  deaths  of  females  registered  as  influenza,  and 
6,025  of  males.     Dr.  Peacock  attributed  the  excess  of  female  deaths  to  the 

'  It  is  somewhat  masked  by  the  steady  increase,  from  other  causes,  in  the  mortahty 
from  heart  and  lung  diseases.  It  will  best  be  appreciated  by  comparing  the  mortality 
from  these  diseases  in  influenza  years  with  that  of  the  years  immediately  succeeding 
them. 
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fact  of  the  disease  being  mostly  fatal  to  persons  of  advanced  age,  and  it 
has  already  been  seen  that  the  greatest  proportion  of  the  deaths  in.  that 
epidemic  was  at  the  age  period  60-80.  In  the  year  1890  we  see  from  the 
Eegistrar- General's  annual  report  that  of  the  4,523  influenza  deaths  regis- 
tered, 2,108  were  of  females  and  2,415  of  males.  The  mortality  for  that 
period  was  therefore  greatest  among  males  ;  but  the  greatest  proportion  of 
the  1890  influenza  deaths  occurred  in  the  age  group  40-60  ;  and  further,  the 
proportion  of  deaths  in  the  20-40  period  was,  for  London,  greater  than  that 
among  persons  in  the  60-80  group.  This,  therefore,  would  seem  to  support 
Dr.  Peacock's  view.  Moreover,  in  1890  the  female  mortaUty  was  greatest  at 
all  ages  over  sixty- five,  but  at  all  other  age  groups,  except  one  or  two  of  the 
earher  ones,  where  the  numbers  were  small,  the  mortahty  was  higher  among 
males — probably  as  a  result  of  greater  exposure  to  infection  and  cold. 

On  the  whole,  then,  it  would  seem  that  the  mortahty  from  influenza  is 
little  influenced  by  sex,  except  perhaps  in  connection  with  differences  as 
regards  occupation.  Neither  do  the  sexes  seem  to  differ  in  habihty  to  attack 
if  similarly  circumstanced.  The  number  of  male  and  female  clerks  attacked 
in  the  Post  Office  in  1890  were  in  proportion  to  the  numbers  of  each  sex. 

Protection. — Influenza  is  frequently  said  to  confer  no  protection  against 
future  attack.  Certainly,  a  large  number  of  persons  suffer  a  second  and 
third  time  under  circumstances  which  point  to  a  reinfection.  At  the  same 
time,  it  must  be  borne  in  mind  that  the  fact  of  many  persons  undergoing 
second  or  third  attacks  does  not  prove  that  other  persons  have  not  been  pro- 
tected, or  even  that  the  persons  suffering  from  more  than  one  attack  have 
not  been  protected  for  a  period  during  the  interval,  except  in  cases  in  which 
the  second  attack  follows  closely  upon  the  first ;  and  cases  of  the  latter  sort 
are  open  to  the  suspicion  of  being  the  result  of  relapse  or  recrudescence. 

Cause  and  Dissemination. — Various  hypotheses  have  been  framed  as  to 
the  cause  of  influenza,  but  the  most  probable  one,  in  view  of  recently 
acquired  knowledge,  both  with  respect  to  the  origin  of  other  diseases 
and  the  behaviour  of  influenza,  is  that  it  depends  upon  a  micro-organism. 
Moreover,  there  would  appear  good  grounds  for  thinking  that  a  particular 
bacillus  has  been  shown  to  stand  in  causal  relation  to  that  disease  by 
Pfeiffer  and  Kitasato. 

But,  however  that  may  be,  it  seems  now  estabhshed  that  influenza  is  an 
eminently  infectious  complaint — a  fact  which,  although  often  maintained  by 
individual  authorities  in  the  past,  has  been  frequently  denied  by  others.  It 
is  impossible  here  to  enter  into  the  evidence  on  this  point  in  detail.  The 
following  is,  however,  the  summary  of  Dr.  Parsons'  conclusions  on  this 
matter  : — 

'  In  view  of  the  circumstances — 1.  That  the  progress  of  the  epidemic  was 
contrary  to  the  prevaihng  winds,  and  that  it  was  independent  of  season  or  any 
particular  kind  of  weather  ;  2.  That  it  has  not  been  shown  to  have  travelled 
faster  than  human  beings  could  travel ;  3.  That  it  has  not  occurred  among 
persons  placed  under  circumstances  precluding  its  communication  by  human 
agency ;  4.  That,  as  a  general  rule,  in  each  country  it  has  appeared  first  in  the 
capital,  or  the  ports  of  entry,  or  the  frontier  towns  in  communication  with 
countries  previously  invaded,  and  that  the  towns,  as  a  rule,  have  been 
affected  earlier  than  country  places  ;  5.  That  neighbouring  communities 
have  in  certain  instances  been  affected  only  at  considerably  different  dates  ; 
6.  That  many  instances  are  recorded  of  the  disease  having  been  introduced 
into  a  district,  and  spread  to  persons  in  contact  with  the  patient,  and  some- 
times afterwards  to  others  ;  7.  That  persons  brought  much  into  contact 
with  others — e.g.  people  going  daily  to  business  in  towns,  have   generally 
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been  the  first  to  suffer  ;  their  households,  and  people  locally  employed,  being- 
affected  later  ;  8.  That  in  public  services  and  establishments  persons  em- 
ployed together  in  large  numbers  in  enclosed  spaces  have  suffered  in  larger 
proportion  than  those  employed  few  together,  or  in  the  open  air  ;  9.  That 
in  institutions  in.  which  the  inmates  are  brought  much  into  association  the 
epidemic  has  more  quickly  attained  its  height,  has  prevailed  more  exten- 
sively, and  been  sooner  over  than  in  those  in  which  the  inmates  are  mora 
secluded  from  one  another;  I  am  of  opinion  that  the  epidemic  has  been 
propagated  mainly,  perhaps  entirely,  by  human  intercourse ;  though  not  in 
every  case  necessarily  from  a  person  obviously  suffering  from  the  disease.  I 
see  no  sufficient  ground  for  believing  in  that  world-wide  spread  by  atmo- 
spheric agencies  which  has  been  so  generally  assumed.  I  do  not  say  that  the 
contagion  once  imported  into  a  locality  may  not  propagate  itself  outside  the 
human  body  in  such  media  as  damp  ground  or  air  contaminated  with  organic 
exhalations,  but  the  fact  of  adjoining  communities  suffering  at  different  dates 
seems  opposed  to  the  notion  of  the  poison  travelling  far  through  the  air.  I  do 
not  find  sufficient  evidence  that  the  recent  epidemic  has  anywhere  commenced 
suddenly  with  a  large  number  of  simultaneous  cases,  unpreceded  by  any 
previous  ones,  and  I  think  that  the  rapidity  with  which  influenza  develops 
into  an  epidemic  may  be  accounted  for  by  its  short  period  of  incubation,  by 
the  comparatively  general  susceptibility  to  the  disease,  and  by  the  existence 
of  numerous  slight  and  unrecognised  cases.  I  do  not,  however,  wish  to  ex- 
clude the  possibility  that  the  specific  germ  of  the  disease  may  multiply  in 
appropriate  media,  e.g.  in  damp,  organically  polluted  confined  air,  outside  the 
human  body.'  ' 

The  question,  too,  of  the  possible  communicability  of  influenza  from 
animals  to  man,  or  vice  versd,  has  to  be  considered,  and  it  is  suggestive  to 
find  among  the  records  of  influenza  epidemics  from  the  earUest  times  reference 
to  concurrent  illness  among  domestic  animals,  notably  horses,  dogs,  and 
cats. 

With  respect  to  this  subject  Hirsch  says  :  '  Even  in  the  oldest  epidemio- 
logical records,  there  are  indications  of  these  coincidences,  both  as  regards 
time  and  place,  as  well  as  of  the  identity  or  at  least  similarity  of  the  form  of 
disease ;  and  the  number  of  these  observations  is  so  remarkably  large  that 
the  suggestion  of  an  etiological  and  perhaps  also  pathological  connection  be- 
tween the  epidemics  on  the  one  hand,  and  those  epizootics  on  the  other, 
may  be  regarded  as  provisionally  proved,  although  it  ought  not  at  the  same 
time  to  be  left  out  of  sight  that  the  notion  of  "  horse  influenza"  has  remained 
to  the  present  day  a  somewhat  vague  one  with  veterinary  surgeons,  and 
that  very  various  diseased  processes  appear  to  have  been  included  therein.' 
Sir  Thomas  Watson  says :  '  It  has  been  observed  also  that  shortly  before, 
or  during,  or  soon  after,  the  prevalence  of  these  epidemic  catarrhs  epizootic 
diseases  have  raged ;  various  species  of  brutes,  and  of  birds,  have  been  exten- 
sively affected  with  sickness.' 

Certainly  influenza  or  '  pink  eye  '  was  prevalent  among  horses  in  different 
parts  of  England  either  before,  during,  or  after  the  epidemic  of  1890 ;  but 
as  regards  this  epidemic  Dr.  Parsons  is  of  opinion  that  the  origin  of  in- 
fluenza in  the  human  subject  from  a  similar  disease  in  the  horse  is  rendered 
improbable  by  the  following  considerations  : — 

1.  That  'influenza'  among  horses  has  frequently  prevailed  at  times  and 
places  when  there  has  been  no  human  epidemic ;  2.  That  in  the  late 
epidemic  persons  having  to  do  with  horses  were  not  observed  to  be  specially 

'  See  also  the  evidence  brought  forward  by  Dr.  Sisley  on  '  Epidemic  Influenza.' 
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or  earliest  affected  ;  and  that  cases  of  apparent  transmission  of  the  disease 
from  the  horse  to  man  were  of  somewhat  rare  occurrence  ;  3.  That  in  many- 
places  where  the  late  influenza  epidemic  prevailed  (e.g.  at  Newmarket),  the 
absence  of  any  similar  disease  among  horses  was  affirmed. 

Dr.  Parsons,  however,  reports  that  in  many  places  where  influenza  was 
prevalent  pet  dogs,  cats,  and  caged  birds,  especially  those  living  indoors, 
were  noticed  to  concurrently  suffer  from  similar  symptoms. 

The  likelihood  of  the  microbe  having  ability  to  live  for  a  considerable 
period  outside  the  body  seems  supported  by  the  fact  that  after  an  epidemic  the 
disease  tends  for  a  time  to  recur  at  intervals  m  the  same  locahty,  as  we  have 
unfortunately  experienced  of  late.  In  reference  to  this.  Sir  Thomas  Watson 
says  :  '  The  locality  does  not  appear  to  be  thoroughly  cleared  of  the  poison 
for  some  time  ;  or  perhaps  a  more  cautious  statement  of  the  fact  would  be,. 
that  the  disorder  generally  shows  itself  again  in  succeeding  years,  but  in  a 
milder  and  less  general  form.' 

Periods  of  Incicbation  and  Infectiveness.— It  is  not  easy  to  fix  the  period 
of  incubation  of  a  disease  which  spreads  so  rapidly  as  influenza,  owing  to  the 
difriculty  of  eliminating  the  faUacy  of  multiple  exposure.  The  evidence 
collected  however,  makes  it  certain  that  the  period  is  commonly  a  short  one, 
and  the  most  usual  time  would  seem  to  be  two  to  three  days,  though  it  may 
be  longer  or  shorter.  Influenza  is  infectious  quite  in  the  early  stage,  and. 
certamly  as  long  as  the  eighth  day,  and  perhaps  longer. 


WHOOPING  COUGH 

Synon. :  Pertussis.     Fr.  Coqueluche  ;  Ger.  Keuchhusten ; 
It.  Tosse  Convulsa. 

History  and  Distribution. — There  seems  no  sufficient  evidence  that  whoop- 
ing cough  is  a  disease  of  great  antiquity.  Hirsch  gives  an  epidemic  in  Paris 
in  the  year  1578  as  the  first  reliable  record  of  the  disease.  In  England 
whooping  cough  was  referred  to  in  the  seventeenth  century  by  Sydenham  and 
Wilhs. 

At  the  present  day  the  disease  has  practically  a  world-wide  distribution, 
but  is  more  constantly  prevalent  and  more  severe  in  temperate  climates  than 
in  tropical  regions.  So  far,  however,  there  is  no  evidence  that  race  influences 
liabihty  to  attack,  for  there  are  accounts  from  India,  Egypt,  and  other  coun- 
tries, of  coloured  children  suffering  equally  with  Europeans. 

But,  although  the  disease  appears,  at  one  or  another  time,  to  have  visited 
most  parts  of  the  world,  its  introduction  to  some  countries,  as  Australia  and 
New  Zealand,  appears  to  have  occurred  during  the  present  century,  as  a  result 
of  importation.  Similarly,  in  other  localities  having  but  little  communicatiort 
with  the  rest  of  the  world,  as  Iceland  and  the  Faroe  Islands,  it  has  only  oc- 
curred at  apparently  rare  intervals  when  introduced  from  without. 

Mortality.— In  the  followmg  table  will  be  found  the  mortality  recorded 
from  this  disease  in  England  and  Wales  from  1838  to  1891. 

A  glance  at  this  table  will  show  that  the  mortality  from  whooping  cough 
in  this  country  is  very  considerable  indeed  ;  of  late  years  this  disease  has 
destroyed  more  children  than  any  of  the  other  so-called  zymotic  diseases,  with, 
the  exception  of  diarrhoea. 

Case  Mortality. — The  case  mortality  of  whooping  cough  is  not  high,  and 
is  sometimes  stated  at  about  5  per  cent.     But  in  addition  to  the  number  of 
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•children  who  die  from  this  disease,  a  very  considerable  number  are  more  or 
less  permanently  injured  by  it. 

Influence  of  Season. — The  effect  of  season  upon  whooping-cough  mortality 

'Table  VIII. — Sliowmg  year  by  year  the  Deaths  registered  in  England  and  Wales  from 
Whooping  Cough,  and  the  corresponding  Death-rates  per  Million  of  the  Population. 


England  and  Wales 


Year 


1838 

1839 

1840 

1841 

1842 

1847' 

la48 

1849 

1850 

1851 

1852 

1853 

1854 

1855 

1856 

1857 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

1865 

1866 


Total  deaths 


Death-rate 

per  million 

living 


9,107 

596 

8,165 

526 

6,132 

889 

8,099 

508 

8,091 

502 

9,260 

540 

6,862 

"   394 

9,622 

548 

7,770 

437 

7,905 

440 

8,022 

440 

11,200 

609 

9,770 

525 

10,185 

541 

9,225 

483 

10,138 

526 

11,648 

598 

8,976 

456 

8,555 

429 

12,309 

612 

12,272 

602 

11,275 

547 

8,570 

409 

8,647 

409 

15,764 

736 

annual 

death-rate 

per  million 

living  for  each 

quinquennial 

period 


504 


480 


r    511 


498 


516 


1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 


Total  deaths 


11,873 
9,223 
10,966 
11,901 
10,360 
13,806 
9,612 
10,362 
14,280 
10,556 
11,358 
17,784 
12,752 
13,662 
10,830 
15,259 
10,471 
11,476 
13,106 
12,936 
11,251 
12,287 
12,225 
13,756 
13,612 


Death-rate  ! 


Average 

annual 

death-rate 


per  million   Pf -^^ 


living 


living  for 
each  quin- 
quennial 
period 


545 


499 


527 


459 


444 


in  London  will  be  seen  from  the  curve  on  the  next  page.  This  curve  shows 
the  London  mortality  from  whoopmg  cough  is  at  its  minimum  in  September, 
rising  steadily  through  November  and  December  to  its  maximum  in  April, 
thenceforward  steadily  decHning  through  the  warmer  months.  It  is  usually 
■said  that  the  prevalence  of  whooping  cough  in  this  country,  Uke  the  mortahty, 
is  greatest  about  the  months  of  March  and  April.  It  will  be  noted  that  this 
€urve  is  almost  exactly  the  reverse  of  that  for  scarlet  fever. 

The  relation  to  season  thus  indicated  does  not  seem  to  hold  for  all  other 
countries.  According  to  Hirsch,  in  Sweden,  for  instance,  both  the  prevalence 
and  mortality  of  the  disease  appear  to  be  greater  in  the  summer  and  autumn 
than  in  the  winter.  As  regards  the  effect  of  weather,  Dr.  Goodhart  ^  remarks  : 
'  Atmospheric  changes  have  a  most  important  bearing  upon  pertussis.  It  has 
heen  repeatedly  noticed  in  the  whooping-cough  ward  at  the  Evelina  Hospital 
that  the  children  are  worse,  even  when  otherwise  doing  well,  when  the  wind 
turns  cold  or  suddenly  changes  ;  and  it  is  notorious  that  the  disease  runs  a 
much  less  determined  and  persistent  course  in  summer  than  in  the  colder 
seasons  of  the  year.' 

Influence  of  Age  and  Sex. — The  mortality  from  v.'hooping  cough  is  deci- 
■dedly  greater  during  the  first  year  of  life  than  during  any  subsequent  year. 

'  Deaths  not  abstracted  by  Kegistrar-General  for  years  1843-46. 
2  Op.  cit.,  p.  232. 
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Heference  to  the  Eegistrar-Greneral's  annual  reports  will  show  that  between 
40  and  50  per  cent,  of  the  whooping-cough  deaths  at  all  ages  occur  within 

Whooping  Cough — for  all  Ages  and  both  Sexes  {Buchan  and  Mitchell) 

(London  Deaths  from  1845  to  1874). 
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this  period.  During  the  second  year  the  mortality  is  considerable,  but  it 
falls  rapidly  during  subsequent  years,  and  after  the  tenth  year  is  insignificant. 

Of  the  total  deaths,  over  90  per  cent,  at  all  ages  occur  during  the  first 
five  years  of  life.  The  incidence  of  the  disease  as  regards  attack  seems 
also  to  be  mainly  upon  the  earlier  years  of  hfe,  though  no  age  is  entirely 
exempt.  Of  314  cases  collected  by  Dr.  Goodhart,  301  occurred  in  the  first 
six  years  of  hfe,  sixty- two  of  these  being  in  the  first  year.  The  mortality  among 
females  is  greater  at  aU  age  periods  than  among  males.  One  attack  of 
whooping  cough  usually  confers  immunity  against  a  repetition  of  the  disease. 

Periods  of  Incubation  and  Infectiveness. — Period  of  incubation  is  stated 
by  some  observers  to  be  from  four  to  six  or  seven  days,  but  it  appears  Hable 
to  variation.  The  late  Dr.  Murchison  reported  some  cases  which  appear  to 
be  free  from  any  likelihood  of  fallacy,  in  which  the  incubation  period  was 
apparently  a  fortnight.^  Other  more  recent  authorities  have  also  given 
fourteen  days  as  a  common  period.  Whooping  cough  is  highly  infectious 
from  the  very  commencement  of  the  attack,  before  the  whoop  manifests 
itself,  and  remains  infectious  for  some  six  or  eight  weeks,  as  a  rule.  Most 
authorities  seem  agreed  that  the  infective  period  may  be  considered  to  have 
ceased  at  the  end  of  six  weeks  from  the  commencement  of  whooping,  pro- 
vided aU  spasmodic  cough  has  ceased. 

Cause  and  Disseviviation. — The  epidemic  and  infectious  character  of  this 
disease,  together  with  the  facts  of  its  having  an  incubation  period,  and  affording 
protection  against  a  second  attack,  are  circumstances  which  seem  to  justify 
the  conclusion  from  analogy  that  it  is  of  microbic  origin,  but  at  present  no 
micro-organism  has  been  shown  to  stand  in  causal  relation  to  it.  The 
disease  is,  so  far  as  at  present  known,  invariably  spread  by  infection  from 
case  to  case.  Such  infection,  however,  need  not  necessarily  be  direct,  as 
the  virus  may  be  carried  in  clothing,  &c.  Owing  to  the  early  infectiveness 
of  whooping  cough,  it  is,  like  measles,  largely  spread  by  the  attendance 
at  schools,  and  other  public  gatherings,  of  children  who  are  sickening  for  it, 
but  who  have  not,  so  far,  manifested  the  characteristic  symptoms.  There 
is  no  evidence  that  this  disease  is  ever  disseminated  by  the  agency  of  water, 
milk,  or  domestic  animals.  Neither  does  it  appear  to  have  been  shown  to 
have  any  relation  to  any  particular  topographical  or  geological  circumstances. 

Belations  to  other  Diseases. — Whooping  cough  is  usually  said  to  occur 
frequently  in  association  with  measles.  It  seems  probable,  however,  that 
this  association  has  been  exaggerated,  and  as  to  the  order  of  sequence  in 
which  these  two  diseases  occur  with  respect  to  each  other,  there  seems  also 
difference  of  opinion.  Dr.  Goodhart  remarks  that  '  when  an  appeal  is  made 
to  statistics,  the  association  appears  to  be  less  common  than  I  had  anticipated. 
Of  305  cases  of  pertussis  of  which  I  have  notes,  measles  is  only  mentioned 
as  recent  in  fourteen.'  Dr.  Goodhart  also  found  that  in  dl  these  cases  the 
'   Trans.  Clin.  Soc,  xi.  1878. 
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measles  preceded  the  whooping  cough.  Other  observers,  on  the  other  hand,, 
have  described  the  whooping  cougli  as  preceding  the  measles.  Hirsch  found 
that  in  496  epidemics  of  whooping  cough,  a  coincidence  with  epidemic 
measles  was  noted  ninety-four  times.  '  In  fifty-eight  of  these  the  diseases. 
occurred  together  ;  in  eleven  whooping  cough  preceded  measles  ;  and  in 
twenty-five  it  came  after.' 


MUMPS 

Synon. :  Parotitis ;     Cynanche  Parotidea  (Cullen) ;    Parotitis  Epidemica  ;: 
The  Pranks.     Fr.  Les  Oreillons  ;  Ger,    Ziegenpeter  ;  Bauerwetzel ; 

It.  Parotitide. 

History  and  Geographical  Distribution. — According  to  Hirsch,  epidemic' 
inflammation  of  the  parotid  gland  is  described  '  in  a  masterly  fashion '  by 
Hippocrates,  Avho  records,  among  other  things,  the  liability  of  the  testicle  to 
become  inflamed  during  the  course  of  the  malady.  The  distinctness  of 
epidemic  from  symptomatic  parotitis  seems  also  to  have  been  clearly 
recognised  by  the  early  Greek  and  Eoman  writers  generally,  as  well  as  by 
the  mediaeval  practitioners.  Evidently,  then,  mumps  is  a  disease  of  consider- 
able antiquity. 

In  the  xDresent  day  its  geographical  distribution  is  practically  coextensive' 
with  the  habitable  globe.  In  its  diffusion  mumps  is  at  times  limited  to  par- 
ticiilar  areas,  or  particular  sections  of  the  community,  such  as  the  children 
at  certain  schools,  or  the  occupants  of  particular  barracks,  workhouses,  or 
prisons.  But  at  other  times  its  epidemicity  is  more  marked  and  it  extends- 
over  wide  areas  of  country.  Sometimes  it  displays  a  tendency  to  recur  in  a 
locality  at  short  (as  yearly)  intervals,  but  as  a  rule  a  longer  period  elapses 
between  successive  epidemics. 

Influence  of  Climate  and  Season. — That  no  particular  climate  will  prevent, 
the  occurrence  of  mumps  is  evident  from  the  records  of  epidemics  of  the 
disease  in  Iceland  and  Lapland  on  the  one  hand,  and  in  India,  Arabia, 
and  the  West  Coast  of  Africa  on  the  other — as  well,  of  course,  as  throughout 
the  countries  in  the  temperate  zone.  Nevertheless,  as  a  rule,  mumps  is 
decidedly  most  prevalent  during  the  cold  and  wet  seasons  of  the  year. 

Mortality. — The  mortality  from  mumps  is  insignificant.  From  the 
Registrar- General's  annual  reports  for  the  ten  years  1881-90  it  appears  that 
among  the  entire  population  of  England  and  Wales  some  eighty  deaths  only 
are  annually  egistered  as  due  to  this  disease.  Even  this,  however,  probably 
overstates  the  actual  mortality  from  mumps,  for  there  can  be  little  doubt 
that  some  of  the  deaths  so  registered  are  due  to  other  maladies,  notably 
diphtheria. 

Fatality. — In  view  of  the  wide  prevalence  of  the  disease  in  this  country,, 
and  of  the  few  deaths  ascribed  thereto,  it  is  clear  that  the  fatality  is  insig- 
nificant. 

hifluence  of  Age  and  Sex. — Mumps  is  said  to  be  most  common  in  children 
from  ten  to  fifteen  years  of  age-,  but  the  greatest  registered  mortality  is  among 
the  very  young.  Thus,  of  the  800  odd  deaths  from  mumps  recorded  by  the 
Kegistrar- General  in  England  and  Wales  during  the  ten  years  above  referred 
to,  about  68  per  cent,  occurred  during  the  first  five  years  of  life ;  *   and' 

'  It  may  be  suspected  that  not  a  few  of  these  deaths  were  in  reaUty  due  to  other 
causes,  notably  diphtheria. 
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■during  those  years  the  deaths  were  most  numerous  in  the  first  year, 
diminishing  with  each  succeeding  year  of  the  lustrum.  The  minimum  was 
reached  in  the  age  period  15-20  years,  after  which  there  was  a  sHght 
mcrease.  Deaths  occurred  at  all  the  age  periods  up  to,  and  including,  the 
period  eighty-five  years  and  upwards. 

As  regards  sex,  the  deaths  were  decidedly  more  numerous  among  males 
than  females,  consisting  of  472  for  the  former  sex  and  365  for  the  latter. 
In  only  two  of  the  years  did  the  female  mortahty  exceed  that  of  the  male, 
and  in  one  they  were  equal.  In  the  remaining  seven  years  the  male  deaths 
preponderated.  This  is  in  accord  with  the  view  expressed  by  different 
observers,  that  the  disease  is  more  common  among  males  than  females. 

Cause  and  Mode  of  Dissemination.— li  may  be  inferred  from  analogy  that 
mumps  is,  in  all  probability,  a  microbic  affection.  Bo  far  as  is  known,  it 
spreads  only  by  infection  from  case  to  case,  and  it  would  therefore  seem 
hkely  that  the  micro-organism  upon  which  it  is  here  provisionally  assumed 
to  depend  belongs  to  the  class  of  obligate  parasites.  The  infection  is  believed 
to  be  given  off  by  the  breath.  No  relation  between  mumps  and  any  particular 
telluric  conditions  has  been  made  out. 

Period  of  Incubation.— ThQ  period  of  incubation  seems  most  usually  to 
■be  from  a  fortnight  to  three  weeks.  It  is  probably  seldom  much  less  than 
twelve  days. 

Relation  to  other  Diseases.— Mumps  has  often  been  considered  to  have 
•occurred  in  association  with  measles  and  with  diphtheria,  and  some- 
times, though  less  frequently,  with  scarlet  fever.  But  whether  there  is  any 
relationship,  other  than  a  casual  one,  between  mumps  and  the  diseases  in 
question  is  doubtful.  Hirsch  considers  the  observations  too  few  to  justify  a 
-conclusion  on  the  point.  As  regards  diphtheria  at  least,  behef  in  concurrence 
of  mumps  therewith  has  often  no  doubt  been  due  to  error  of  diagnosis. 

Protection.—One  attack  of  mumps  usually  confers  immunity,  but  second 
:attacks  do  sometimes  occur.  Dr.  Pye- Smith  mentions  an  instance  which 
came  under  his  observation  in  which  '  a  boy  had  mumps  three  times  during 
his  school  hfe.' 


DIPHTHEEIA 


Synon. :  Angina  maligna ;  Cynanche  maligna;  Putrid  sore-throat. 
Fr.  DipUh&rie;  Ger.  Diphtheritis ;  It.  Difterite, 

History.— li  is  only  possible  here  to  indicate  a  few  of  the  more  salient 
joints  of  the  history  of  diphtheria.  Certainly  diphtheria,  or  a  disease  very 
nearly  allied  to  it,  may  be  traced  back  to  antiquity ;  and  although  Hirsch 
appears  doubtful  whether  it  is  referred  to  in  the  Talmud  and  the  Hippocratic 
writings,  as  has  been  alleged,  he  states  that  '  in  the  writings  of  some  of 
the  later  Greek  physicians,  particularly  Aretseus  and  Aetius,  we  meet  with 
descriptions  of  an  affection  of  the  throat  as  to  the  identity  of  which  with 
angina  maligna  there  can  be  hardly  any  doubt.'  As  regards  the  writings 
of  the  Arabians  and  mediaBval  physicians  of  the  West,  Hirsch  considers 
reference  by  them  to  'angina'  as  often  of  doubtful  import,  but  thinks 
■"  there  are  accounts  of  epidemic  forms  of  sickness  in  those  ages  given  by  some 
of  the  chroniclers,  which  may  perhaps  be  taken  as  relating  to  malignant  sore- 
Ahroat.'     In  England  there  seems  to  have  been  an  epidemic  of  angina  in 
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1389,  which  carried  off  a  large  number  of  children  ;^  and  in  the  Ehine  districts 
there  was,  according  to  Hirsch,  prevalence  of  an  '  unknown '  sickness  in  1517, 
'so  that  men's  tongues  and  throats  were  covered  as  if  with  a  fungus  and 
turned  white,  and  they  were  neither  able  nor  inclined  to  eat  or  drink  from 
pains  in  the  head  not  unattended  with  pestilential  fever.' 

In  following  the  history  of  this  malady  into  more  recent  times,  two  cir- 
cumstances attract  the  attention — viz.  the  considerable  extension  which  has 
apparently  occurred  in  the  geographical  distribution  of  malignant  throat 
ailment — at  least  as  regards  its  conspicuous  prevalence — and  the  variations 
which  such  ailment  has  also  exhibited  from  time  to  time  in  the  matter  of 
prevalence  generally. 

Considering  these  two  points  together,  we  find  that  angina  maligna  was 
more  or  less  continuously  prevalent  in  Spain  from  1583  to  1618,  and  re- 
appeared in  various  parts  of  the  country  throughout  the  remainder  of  the 
century.  Besides  Spain,  it  also,  rather  later  in  point  of  time,  visited  Portugal, 
Southern  and  Central  Italy,  and  the  adjacent  islands.  At  the  beginning  of 
the  eighteenth  century  it  again  broke  out  in  Spain.  In  1736  it  seems,, 
judging  from  the  accounts  of  Noah  Webster,  to  have  been  extensively  preva- 
lent in  England  and  America.  About  1745-50  the  disease  again  occurred  in 
Portugal  and  Italy ;  and  now  also,  for  the  first  time,  come  reliable  records  of 
its  epidemic  prevalence  in  France  (north-east)  and  Holland,  also  of  further 
outbreaks  in  England  (at  Liskeard  and  other  places  in  Cornwall).  About 
1752  it  was  prevalent  in  Switzerland,  Germany,  and  New  York,  and  in  1755 
in  Sweden.  Still  later  in  the  century  the  disease  was  epidemic  in  Portugal, 
the  North  of  France,  Holland,  Germany  (Osnabriick),  the  Northern  States  of 
America  and  England  (London  and  Chesham). 

Then,  except  in  the  case  of  France,  seems  to  have  come  a  marked 
remission,  and  Hirsch  remarks  that  '  as  the  eighteenth  century  was  drawing 
to  a  close,  Angina  mahgna  retired  into  the  background  among  epidemic  dis- 
eases which  then  held  the  stage.'  This  remission  apparently  lasted  for  the 
first  half  of  the  present  century^  when  the  disease  again  appeared  on  an 
extensive  scale,  assuming '  the  character  of  a  true  pandemic,  a  character  which 
it  has  maintained  to  the  present  day.' 

It  must  not,  however,  be  concluded  that,  except  in  the  case  of  France,  the 
disease  entirely  disappeared  during  the  first  half  of  the  present  century. 
Sporadic  cases  and  even  small  epidemics  occurred  from  time  to  time  in  most 
of  the  countries  which  had  been  previously  visited ;  but  that  such  outbreaks 
must  have  been  on  a  much  smaller  scale  than  during  the  preceding  century 
Hirsch  infers  both  from  the  meagre  writings  on  the  subject  and  from  the  fact 
that  when,  about  1860,  the  disease  again  became  widely  prevalent,  it  was 
'  expressly  affirmed  by  many  observers  in  all  sorts  of  places  .  .  .  that  they 
had  no  knowledge  of  the  disease  when  they  first  saw  it.'  As  regards  Great 
Britain,  cases  apparently  occurred  in  Dublin,  Glasgow,  Edinburgh,  Warwick- 
shire, Surrey,  and  Kent  during  the  earlier  years  of  the  century  ;  and  from  1845 
to  1856  many  scattered  cases  occurred  in  London,  Kent,  Lincolnsliire, 
Herefordshire,  Staffordshire,  Norfolk,  Devon,  and  Cornwall.  In  1849  there 
was  a  decided  epidemic  at  Haverfordwest,  and  in  1855  one  at  Launceston. 

France,  it  has  already  been  said,  was  exempt  from  the  general  remission. 
Throughout  the  period  in  question  epidemics  of  diphtheria  were  both  extensive- 
and  frequent  in  that  country,  although  for  the  most  part  confined  to  the 
North.  In  1821  Bretonneau,  who  had  had  opportunities  of  studying  epidemics 
of  malignant  angina  at  Tours  (1818-21),  first  propounded  his  doctrine  of 
the  essential  identity  of  various  throat  ailments  characterised  by  what  he 

'  Webster's  History  of  Eindemic  and  Pestilential  Diseases,  Hartford,  1799,  i.  143. 
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then  regarded  as  a  membranous  inflammation.  To  this  condition  of  the  air- 
passages  he  gave  the  name  of  diplitlierite  (SicjiOepa,  skin).  Later,  however, 
upon  concluding  that  the  morbid  process  was  not  an  inflammatory  one,  he 
adopted  the  name  oidii:)Mherie.  In  connection  with  the  persistence  of  the 
disease  in  France,  and  as  bearing  upon  the  question  of  the  transport  of  the 
virus  by  human  agency,  it  is  interesting  to  note  that  the  French  troops 
suffered  from  diphtheria  in  the  Crimea. 

Proceeding  to  the  latter  half  of  this  century  we  find,  according  to  Hirsch, 
that  '  this  new  era  in  the  history  of  Angina  maligna  begins  for  the  larger 
part  of  Europe  and  North  America  at  almost  all  points  with  the  years  1857 
and  1858,  a  little  earlier  in  some  countries  than  others.  .  .  .  '  The  diffusion 
of  the  disease,  too,  seems  to  have  been  far  wider  than  hitherto.  As  regards 
France,  it  was  no  longer  confined  to  the  North.  In  England,  as  will  be  seen 
from  Table  IX,,  the  mortality  was  excessively  high  in  1858-59. 

Beyond  Europe  and  North  America,  the  disease  about  this  period  also 
became  more  or  less  extensively  prevalent  in  parts  of  India,  China,  Australia, 
the  West  Indies,  Argentine  Eepublic,  Peru,  and  parts  of  South  Africa,  though 
it  is  true  there  are  accounts  of  earlier  outbreaks  in  several  of  these  localities. 

From  the  above  historical  sketch  it  would  seem  clear,  even  allowing  for 
the  imperfect  records  of  earlier  times,  that  this  disease  has  vastly  extended 
its  epidemic  area,  and  that,  during  what  may  be  called  its  historic  period,  it 
has  exhibited  one  decided  remission  and  a  subsequent  sudden,  and  almost 
world-wide,  increase  in  epidemicity.  It  is  striking  also  to  observe  how  tena- 
ciously diphtheria  has  adhered  to  certain  localities,  and  how  often  places  which 
had  been  previously  affected  by  it  were  among  the  first  to  be  attacked  in 
later  epidemics.  As  regards  the  very  general  prevalence  of  diphtheria  which 
set  in  between  1855  and  1860,  no  doubt  increased  means  of  communication 
may  have  had  some  influence ;  but  it  would  seem  unhkely  that  greater 
facilities  for  locomotion  constituted  the  only,  or  even  the  main,  cause. 
Moreover,  this  increase  of  epidemicity  has  to  be  considered  along  with  the 
previous  remission  and  the  still  earlier  prevalence  of  the  eighteenth  century. 
Such  variations  would  seem  incapable  of  being  explained  solely  by  variations 
in  social  circumstances,  whatever  minor  part  such  circumstances  may  have 
contributed  to  the  larger  result ;  and  we  appear  driven  to  the  conclusion 
that  the  main  factors  were  such  as  were  bound  up  with  conditions  proper  to 
the  virus  itself.  The  tendency  of  the  disease  to  reappear  in  localities  pre- 
viously affected  might  mean  simply  that  such  localities  offered  a  specially 
favourable  environment  of  some  kind  to  the  cultivation  of  the  virus  whenever 
introduced  from  without ;  or  it  might  mean  that  the  diphtheria  micro- 
organism, having  once  been  introduced  to  such  localities,  has  not  ceased  to 
exist  during  the  non-epidemic  periods,  but  has  simply  either  more  or  less  died 
down,  or,  perhaps,  living  a  saprophytic  existence,  largely  lost  for  the  time 
being  its  pathogenic  function.  Subsequently,  upon  the  re-occurrence  of 
suitable  conditions,  meteorological  or  other,  it  has  taken  on  fresh  activity,  or 
acquired  a  renewal  of  pathogenic  property. 

Of  the  more  modern  diphtheria  prevalence  in  England  we  have  now  a 
broad  indication  in  mortality  statistics.  The  diphtheria  deaths  have  only 
been  abstracted  by  the  Registrar- General  since  the  year  1855,  up  to  which 
time  the  few  that  occurred  were  included  with  those  of  scarlet  fever. 

The  registered  mortality  in  England  from  this  disease  rose  gradually 
during  the  years  1855,  1856,  and  1857,  from  20  to  82  per  milhon,  and  then 
with  a  bound  in  1858  and  1859,  in  which  years  it  was  as  high  as  339  and 
517  per  million  respectively.  In  reference  to  the  excessively  high  rates  in 
these  two  years,  however,  it  has  to  be  noted  that  during  those  years,  and 
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especially  the  former,  scarlet  fever  was  also  widely  prevalent,  and  some 
allowance  should  doubtless  be  made  for  confusion  between  the  two  diseases. 
Nevertheless,  it  has  been  seen  above  that  at  this  time  diphtheria  was  becom- 
ing conspicuous  over  a  large  part  of  the  civilised  world,  and  it  is  certain 
that  it  showed  a  marked  increase  in  this  country  also.  Shortly  prior  to  the 
more  general  extension  of  epidemicity  in  England,  diphtheria,  as  we  have 
seen,  had  occurred  in  various  parts  of  the  country,  and  was  supposed  to  have 
been  imported  from  France.  Such  may  have  been  the  case,  but  it  is  worthy 
of  note  that  Cornwall,  in  which  county  the  disease  had  occurred  in  the  previous 
century,  was  now  one  of  the  earhest  invaded.  In  the  year  1860  the  mortality 
fell  to  261  per  million,  i.e.  just  half  what  it  had  been  during  the  preceding 
year.  For  the  decennial  period  1861-70  it  further  fell  to  187,  and  in  the 
succeeding  decennium  it  still  further  fell  to  121,  During  the  period  1881-90, 
however,  there  has  been  a  decided  increase  in  diphtheria  mortality,  the  rate 
rising  to  162. 

One  important  point  in  connection  with  the  behaviour  of  diphtheria  in 
this  country  requires  particular  attention.  Until  recently  diphtheria,  accord- 
ing to  all  authorities,  was  especially  a  disease  of  sparsely-populated  localities, 
but  one  of  the  most  striking  characteristics  of  its  modern  behaviour  is  its 
conspicuous  invasion  of  the  towns.  Considering  first  the  case  of  the  metro- 
polis, it  appears  as  regards  the  period  1861-70  that,  while  the  diphtheria 
mortality  rate  per  million  living  was,  for  England  and  Wales,  187,  it  was  for 
London  only  179.  But  in  the  next  decennium  the  rates  were  121  and  122 
respectively,  and  in  the  decennium  1881-90  they  were  163  for  England  and 
Wales,  and  259  for  London.  Thus,  during  the  later  period,  although  there 
was  a  decided  increase  in  diphtheria  mortality  in  the  country  generally,  this 
increase  was  relatively  far  greater  in  the  metropoHs.  But  this  urban  inva- 
sion is  by  no  means  limited  to  London,  as  Dr.  Longstaff  has  shown  in  his 
paper  on  '  The  Geographical  Distribution  of  Diphtheria  in  England  and 
Wales.'  Taking  the  Kegistrar- General's  mortaHty  returns  for  the  twenty- 
six  years,  1855-80,  and  dividing  these  years  into  three  periods,  and  by  also 
dividing  the  various  counties  in  England  and  Wales  into  dense,  medium,  and 
sparse  areas,  according  to  the  relative  density  per  acre  of  their  population. 
Dr.  Longstaff  was  able  to  show  that  although  during  the  whole  period  the 
sparse  districts  suffered  most  heavily  from  diphtheria,  yet  in  each  successive 
period  the  diphtheria  mortality  of  the  towns,  relatively  to  that  of  the  rural 
districts,  had  become  greater. 

In  this  paper  Dr.  Longstaff,  in  a  map,  here  reproduced  by  his  permission, 
shows  that  '  the  distribution  of  diphtheria  is  apparently  sui  generis ;  the 
mortality  from  the  disease  clearly  is  not  regulated  by  the  same  causes  as 
influence  the  general  mortahty.'  ^  It  also  differs  vastly  from  that  of  the 
other  zymotic  diseases,  as,  for  instance,  diarrhoea,  measles,  and  especially 
scarlet  fever.  The  latter  disease  is  most  prevalent  in  the  mining  and 
manufacturing  districts,  some  of  which  have  particularly  low  diphtheria  rates. 
The  contrast  between  the  distribution  of  these  two  diseases  has  also  been 
pointed  out  by  Dr.  Edgar  Barnes. 

Periodicity. — Hirsch  considers  that  the  history  of  diphtheria  indicates  a 
cyclical  character  in  the  epidemicity  of  the  disease,  though  '  the  several  cycles 
have  extended  over  periods  of  various  length,  many  of  them  only  a  few  years, 

'  During  the  period  in  question  (1855-80),  the  greatest  diphtheria  mortality  occurred 
in  the  North  Eiding  of  Yorkshire,  Lincohishire,  Norfolk,  and  Sussex;  and  the  next 
greatest  in  East  York,  Cambridgeshire,  Hunts,  Essex,  Kent,  Surrey,  Warwick,  Wales 
(except  Glamorgan),  and  some  adjoining  counties.  In  striking  contrast  was  the  low 
mortality  of  Devon,  Somerset,  Lancashire,  West  York,  and  various  midland  counties. 
This  is  illustrated  by  Dr.  Longstaff  in  a  shaded  map. 


(Treatise  on  Hygiene) 
Vol.11. 


Pl.XLllI. 


(Th_om_psoii) 


We  s  t ,  N  evirrxiaXL  Tiih . 


NATUBAL   HISTORY  OP  INFECTIOUS  DISEASES      297 

and  others  lasting  several  decades.'  Looked  at  broadly,  it  may  be  that  the 
prevalence  of  the  eighteenth  century,  the  remission  during  the  first  half  of 
the  present  century,  and  the  subsequent  renewal  of  pandemic  prevalence  now- 
going  on,  are  the  manifestations  of  an  inherent  periodicity  with  a  rise  and 
fall  extending  over  a  number  of  years. 

Table  IX. — Shoiuing  the  Deaths  registered  as  due  to  Diphtheria  in  England  and  Wales 
during  the  years  1855-1890  ;  the  Annual  Death-rate  per  Million  living  for  England 
and  Wales  during  the  same  Years ;  and  the  Annual  Diphtheria  Death-rates  per 
Million  living  for  London  diiring  the  Years  1859-91. 


England  and  Wales 

London 

E 

ngland  and  Wales 

London 

Death-rate 

Death-rate 

Death-rate 

Death-rate 

Year 

Total  deaths 

per  million 

per  million 

Year 

Total  deaths 

per  million 

per  million 

living 

living 

living 

living 

1855 

385 

20 



1874 

3,560 

150 

122 

1856 

603 

32 

— 

1875 

3,415 

142 

167 

1857 

1,583 

82 

— 

1876 

3,151 

129 

109 

1858 

6,606 

339 

— 

1877 

2,731 

111 

88 

1859 

10,184 

517 

284 

1878 

3,498 

140 

155 

1860 

5,212 

261 

174 

1879 

3,053 

120 

155 

1861 

4,517 

225 

239 

1880 

2,810 

109 

144 

1862 

4,903 

241 

255 

1881 

3,153 

121 

172 

1863 

6,507 

315 

275 

1882 

3,992 

152 

222 

1864 

5,464 

261 

207 

1883 

4,218 

158 

244 

1865 

4,145 

196 

144 

1884 

5,020 

186 

241 

1866 

3,000 

140 

152 

1885 

4,471 

164 

227 

1867 

2,600 

120 

145 

1886 

4,098 

149 

212 

1868 

3,013 

137 

158 

1887 

4,443 

160 

235 

1869 

2,606 

117 

107 

1888 

4,815 

171 

319 

1870 

2,699 

120 

104 

1889 

5,368 

189 

390 

1871 

2,525 

111 

105 

1890 

5,150 

179 

331 

1872 

2,152 

93 

80 

1891 

5,036 

173 

340 

1873 

2,531 

108 

95 

Mortality. — In  the  above  table  will  be  found  the  total  deaths  from 
diphtheria  registered  in  England  and  Wales  annually  from  the  year  1855  to 
1891.  The  annual  death-rates  per  million  living  are  also  given  ;  and  for  the 
purpose  of  indicating  the  relative  increase  during  late  years  in  the  mortality 
from  this  disease  in  London,  as  compared  with  that  of  the  country  generally, 
the  annual  death-rates  for  London  have  been  added. 

Case  Mortality. — The  case  mortality  of  diphtheria  varies  so  greatly  that 
it  is  impossible  to  form  any  useful  estimate  on  the  subject.  In  well-pro- 
nounced diphtheria,  and  especially  in  certain  epidemics,  it  is  unquestionably 
high,  but  it  is  impossible  to  gauge  at  all  the  number  of  slighter  cases  of 
diphtheritic  throat  illness,  which,  as  will  be  seen  later,  so  frequently  accom- 
pany or  precede  diphtheria  epidemics. 

Influence  of  Climate  and  Seasons. — Diphtheria  would  seem  to  be  capable 
of  occurring  in  any  climate,  but  it  is  far  more  common  in  temperate  and  cold 
regions  than  in  the  tropics.  In  this  country  the  mortality  from  diphtheria 
is  very  regularly  at  its  highest  during  the  December  quarter,  and  lowest 
during  the  summer  months.  This  is  shown  for  London  in  the  curve  (p.  298) 
published  by  the  Eegistrar-General  in  his  Annual  Summary  for  1890. 

There  is  also  evidence  from  notification  returns  that  the  prevalence  of 
'  diphtheria,  as  well  as  the  mortality,  is  greater  during  the  autumn  and  winter 
than  during  the  warmer  period  of  the  year. 

The  same  general  relation  of  diphtheria  prevalence  and  mortality  to  the 
different  seasons  of  the  year  would  also  seem  to  hold  as  regards  other 
countries — at  least  in  temperate  climates.     Hirsch,  for  instance,  found  that 
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the  recorded  diphtheria  attacks  in  Sweden  during  the  ten  years  1861-70 
were  considerably  more  numerous  in  the  winter  quarters  than  in  the  summer. 

Diphtheria — London  Deaths  for  all  Ages  and  both  Sexes  for  Thirty  Years,  1861-90. 
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He  also  found  this  true  of  the  registered  deaths  (for  differing  periods  of  years) 
in  a  number  of  separate  towns,  including  BerHn,  St.  Petersburg,  Vienna, 
and  Philadelphia.  How  far  the  influence  of  season  upon  diphtheria  preva- 
lence is  direct,  operating  upon  the  activity  of  the  diphtheria  microbe,  and  how 
far  it  is  indirect,  and  operates  by  increasing  the  susceptibility  of  individuals, 
is  doubtful,  but  it  appears  probable  that  it  acts  in  both  these  ways.  There 
can  be  little  doubt  that  anything  which  tends  to  damage  the  integrity  of  the 
mucous  hning  of  the  throat,  such  as  ordinary  catarrhs,  would  so  far  predis- 
pose to  attack  by  diphtheria,  given  the  presence  of  the  efficient  cause  of  that 
disease ;  and  it  is  also  possible  that  the  influence  of  cold  and  damp  may  increase 
the  general  susceptibility  of  the  body  to  infection.  Nevertheless,  it  seems 
in  a  high  degree  probable  that  the  activity  of  the  diphtheria  organism  is  also 
largely  controlled  by  season. 

Influence  of  Bace. — The  balance  of  present  e"\ddence  would  seem  to  be  to 
the  effect  that  there  is  no  racial  immunity  to  this  disease. 

Influence  of  Sex. — For  the  first  two  years  of  life  the  mortahty  from 
diphtheria  is  greater  among  males  than  among  females.  But  from  the 
third  year  until  about  the  thirty-fifth  it  is  greater  among  females.  After 
that  period  the  male  mortality  seems  again  to  be,  if  anything,  shghtly  in 
excess  of  the  female. 

The  excess  of  female  mortality,  at  certain  ages,  at  least,  is  no  doubt  largely 
due  to  greater  exposure  to  infection — that  is,  to  the  closer  and  more  con- 
tinuous contact  with  the  sick  to  which  females  are  exposed  as  compared  with 
males  ;  but  Dr.  Arthur  Downes  ^  has  pointed  to  the  very  early  ages  at  which 
the  excess  of  female  mortahty  is  discernible  as  perhaps  indicating  that 
some  further  explanation  is  required.  As  regards  this.  Dr.  Thorne  remarks 
that  '  the  excess  of  diphtheria  death  which  attaches  to  females  over  males 
from  three  to  fifteen  years  of  age,  increases  precisely  as  the  age  advances 
which  fits  them  more  and  more  to  take  some  share  in  the  care  of  home,  and 
of  relations  during  periods  of  sickness.'  ^  And  he  further  remarks  that '  some- 
thing may  depend  upon  the  full  significance  of  the  term  "domesticity,"  and 
upon  its  taking  account  of  those  acts  of  affection  and  tenderness  which,  in 
their  relation  to  the  sick,  characterise  females  during  the  period  of  girlhood, 
as  well  as  in  mature  womanhood.'  Both  these  considerations  are  deserving 
of  considerable  weight,  especially  as  regards  a  disease  such  as  diphtheria,  in 
the  dissemination  of  which  close  contact  is  known  to  play  a  conspicuous  part ; 
but  it  still  appears  to  remain  doubtful  whether  increased  exposure  to  mfection 
can  be  regarded  as  entirely  accounting  for  the  excess  of  female  mortahty, 
especially  in  the  very  early  years  of  life. 


Practitioner,  vols.  xxxi.  and  xxxii. 
Milroy  Lectures,  1891,  p.  35. 
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Influence  of  Age. — The  mortality  from  diphtheria  is  far  greater  in  the  age- 
group  0-5  years  than  at  any  other  age-period.  For  the  years  0-5  taken  sepa- 
rately, it  is  decidedly  lowest  in  the  first  year.  Between  the  second,  third,  and 
fourth  years  there  appears  to  be  but  httle  difference,  though  it  is  probably  at  its 
maximum  in  the  fourth  year.  After  that  it  begins  to  declme.  During  the 
next  five  years,  however,  i.e.  the  age-group  5-10,  the  mortality  is  still  about 
double  that  at  all  ages,  but  it  thenceforward  falls  considerably,  and  after  the 
fifteenth  year  is  comparatively  insignificant.  As  regards  liability  to  attack, 
Mr.  Power  has  shown  in  his  reports  to  the  Local  Government  Board 
upon  diphtheria  outbreaks  at  Brailes  (1876),  at  Eadwinter  (1877),  and  at 
Pirbright  (1883),  that  the  attack  incidence  of  the  disease,  even  apart  from  the 
influence  of  school  attendance,  is  greatest  upon  children  between  the  ages  of 
three  and  twelve  years.  A  similar  result  is  also  brought  out  by  Dr.  Thorne 
in  his  report  upon  diphtheria  at  Coggeshall  in  1877.  These  reports  are  of 
especial  interest  with  respect  to  the  age-mcidence  of  diphtheria,  and  also  with 
respect  to  the  influence  of  school  attendance  upon  the  dissemination  of  that 
disease,  a  subject  which  will  be  referred  to  later. 

Cause. — The  dependence  of  diphtheria  upon  an  organism  seems  now  to  have 
been  completely  established,  but  for  the  evidence  upon  this  point  reference 
must  be  made  to  Dr.  Klein's  article.  Certain  factors  which  may  be  regarded 
as  ha\ang  indirect  bearing  upon  the  causation  and  spread  of  diphtheria  must, 
however,  be  referred  to  here. 

Looking  at  the  geographical  distribution  of  diphtheria  in  England  at  the 
present  day,  and  remembermg  also  that  at  different  times  outbreaks  of  this 
disease  have  occurred  in  localities  exhibiting  almost  every  conceivable 
geological  variety,  one  would  naturally  conclude  that  geological  circumstance 
had  no  influence  upon  diphtheria  prevalence.  And  in  the  main,  perhaps, 
this  is  true,  as  regards  the  more  conspicuous  geological  features.  But  there 
is,  nevertheless,  a  growing  opinion  among  those  who  have  had  practical 
experience  of  diphtheria  outbreaks,  especially  in  rural  districts,  that  a  general 
dampness  of  soil,  whether  due  to  the  quality  of  the  soil  itself  or  to  its  topo- 
graphical arrangement,  does  favour  diphtheria  prevalence ;  though  its  influ- 
ence in  this  respect  may,  of  course,  be  masked  by  other  dominant  factors. 
Dr.  Charles  Kelly,  among  others,  has  drawn  special  attention  to  this. 

Besides  an  influence  due  to  general  dampness  of  soil,  there  is  a  con- 
siderable accumulation  of  evidence  in  support  of  the  view  that  special  and 
continuous  dampness  of  dwelling  is  similarly  concerned  with  diphtheria. 
This  appears  to  have  been  first  insisted  upon  by  Dr.  Thursfield  {Lancet, 
1878),  and  has  since  been  supported  by  other  observers.^ 

As  regards  the  actual  dissemination  of  diphtheria,  direct  infection  from 
case  to  case  plays  an  important  part.  In  this  process  the  virus  is,  doubtless, 
often  given  off  in  the  breath  from  the  throat  of  the  sufferer,  and  inhaled  by 
the  recipient ;  but  actual  contact,  as  in  kissing,  and  the  conveyance  of 
the  \drus  upon  drinking-vessels  and  spoons,  is  no  doubt  responsible  for 
many  cases  of  infection.  Li  addition  to  the  throat  and  air-passages  of  the 
recipient,  the  poison  may  attack  other  mucous  surfaces,  as  the  conjunctiva, 
and  wounds  of  the  sMn. 

In  connection  with  the  spread  of  diphtheria  by  infection,  the  influence  of 
school  attendance  is  a  matter  of  great  importance.  '  That  some  such  influence 
obtained  was  one  of  the  earliest  observations  following  an  hiquiry  into  the 
etiology  of  the  disease  in  this  country,'  writes  Dr.  Thorne  in  his  '  Milroy 
Lectures  ; '  and  he  then  proceeds  to  discuss  fully  the  nature  and  extent  of 
this  influence.     For  the  detailed  evidence  upon  this  subject  the  reader  must 

'  See  also  Dr.  Copeman's  article  on  '  The  Influence  of  Soil  on  Health,'  vol.  i.  p.  338. 
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he  referred  to  the  lectures  in  question,  but  the  conclusions  at  which 
Dr.  Thorne  arrives  are  summed  up  as  follows  : — '  School  influence  would 
appear,  then,  to  be  operative  for  mischief  in  a  number  of  ways  : — 

'  1.  It  brings  together  those  members  of  the  community  who  are,  by 
reason  of  age,  most  susceptible  to  diphtheria.  2.  The  children  thus  brought 
together  are  placed,  and  remain  for  many  hours  of  the  day,  in  exceptionally 
close  relation  with  each  other.  In  this  connection,  it  must  be  remembered 
that  we  are  dealing  with  a  disease,  the  communication  of  which  from  person 
to  person  is  largely  dependent  on  the  closeness  of  the  mouth  and  nares  of  the 
recipient  individual  to  the  faucial  mucous  surface  of  the  individual  by  whom 
the  infection  is  imparted.  And  when  it  is  remembered  that  children  are  so 
placed  in  elementary  schools  as  necessarily  to  be  for  long  periods  inhaling  the 
lung  exhalations  of  their  fellows,  and  that  collective  singing  and  a  kindred 
form  of  general  intoning  often  form  part  of  the  school  programme,  it  will  not 
be  difficult  to  understand  how  especially  favourable  such  circumstances  are 
to  the  transmission  of  a  specific  infection  which  has  a  primary  seat  upon 
the  mucous  membrane  and  in  the  secretions  of  diseased  fauces.  3.  The 
•closer  the  aggregation,  and  the  greater  the  lack  of  ventilation,  with  corre- 
sponding hindrance  to  the  fr'ee  movement  of  air,  the  greater  is  the  risk. 
4.  Such  faulty  sanitary  circumstances  of  the  school-house  and  its  sur- 
roundings, and  such  other  conditions  as  tend  to  a  condition  of  general  ill- 
health,  in  that  they  induce  sore-throat,  favour  the  reception,  by  children  so 
isuffering,  of  any  imported  diphtheria  infection.  5.  There  are  ample  grounds 
for  believing  that  the  aggregation  of  children  in  elementary  schools  con- 
stitutes one  of  the  conditions  under  which  a  form  of  disease  of  particular 
potency  for  spread  and  for  death  may  be,  so  to  speak,  manufactured.  6.  The 
danger  of  school  aggregation  is  by  no  means  hmited  to  the  period  in  which 
the  throat  disease  is  acute.  "  Eecrudescence  "  of  the  throat  mischief  in  the 
individual  probably  tends  to  be  favoured  by  conditions  intimately  associated 
with  school  attendance.  And  similarly,  even  in  the  stage  of  the  disease  after 
paralytic  neuroses  have  supervened,  infection  may  be  communicated.  .  .  . 
7.  The  practices  of  kissing  and  of  transferring  sweetmeats  from  mouth  to 
mouth — practices  which  are  more  common  amongst  girls  than  with  boys — 
as  also  the  joint  use  of  drinking-cups,  &c.,  must,  according  to  experience,  be 
credited  with  assisting  in  the  diffusion  of  diphtheria  amongst  schoolfellows.' 

The  conclusion  expressed  by  Dr.  Thorne  in  No.  5,  above,  with  reference  to 
the  manufacture,  under  certain  conditions  of  aggregation,  of  a  form  of  disease 
of  particular  potency  for  spread  and  for  death,  opens  up  a  consideration  of 
great  importance  and  interest  with  respect  to  the  etiology  of  diphtheria. 

It  has  again  and  again  been  observed  that  outbreaks  of  typical  and  fatal 
diphtheria  have  been  preceded  by  a  more  or  less  widespread  prevalence  of 
throat  illness  of  a  minor  sort,  and  that  even  when  true  diphtheria  has 
appeared  upon  the  scene,  the  cases  of  throat  illness  in  different  famihes  in  the 
affected  locality  have  presented  great  variety  of  type  and  severity,  some  of 
these  being  true  and  unmistakable  diphtheria,  others  less  typical,  and  at  all 
events  unrecognised  as  diphtheria  at  the  time  of  their  occurrence,  though 
followed  by  the  neuroses  characteristic  of  that  disease  ;  and  others,  again,  cases 
•apparently  of  quite  trivial  throat  ailment.  Moreover,  such  outbreaks  of 
diphtheria  following  upon  minor  throat  illness  have  frequently  occurred  in 
particularly  isolated  localities,  and  under  general  conditions  which  seemed 
entirely  to  preclude  the  likelihood  of  their  having  resulted  from  the  importa- 
tion of  specific  infection  from  elsewhere  ;  the  whole  circumstances  seeming 
strongly  to  point  to  the  view  of  the  more  severe  malady  having  '  grown '  out 
•of  the  latter.     And  so  long  ago  as  1878  Dr.  Thorne,  referring  to  such  ex- 
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periences,  remarked  that  they  appeared  '  to  mdicate  the  possible  occurrence 
of  what  may  perhaps  be  looked  upon  as  the  progressive  development  of  the 
property  of  infectiveness.'' 

It  is,  no  doubt,  true  that  recently  acquired  knowledge  of  the  etiology  of 
diphtheria  may  be  regarded  as  indicating  the  possibility  of  the  specific  microbe 
having  been  conveyed  to  isolated  locahties  in  ways  not  hitherto  suspected,  as, 
for  instance,  by  domestic  animals,  or  even  birds.  And  it  has  also  to  be  re- 
membered that  there  is  reason  for  believing  that  the  poison  of  diphtheria 
may  remain  dormant  in  the  soil  or  elsewhere  for  long  periods  of  time,  to 
be  again  called  into  activity  upon  the  occurrence  of  suitable  conditions  of 
environment ;  so  that  some  of  the  outbreaks  of  diphtheria  in  isolated  locali- 
ties, though  not  traceable  to  recent  throat  illness  there  or  elsewhere,  may 
still  be  connected  with  past  diphtheria  in  the  neighbourhood  in  question. 
But,  at  the  same  time,  the  frequency  with  which  true  diphtheria  is  observed 
to  follow  upon  a  prevalence  of  minor  throat  ailment  is  so  great  as  to  render 
it  difficult  to  avoid  the  conclusion  that  the  former  is  at  times  connected  with 
the  latter  by  an  evolutionary  process.  And  it  has  to  be  borne  in  mind,  more- 
over, that  even  in  the  case  of  diphtheria  occurrences  dependent  upon  the 
return  to  activity  of  '  specific  '  micro-organisms  left  in  the  locality  by  some 
previous  outbreak  of  diphtheria,  as  suggested  above,  such  micro-organisms 
may,  by  a  more  or  less  prolonged  dormancy  or  saprophytic  existence,  have 
largely  parted  with  their  virulence  ;  and  among  the  conditions  of  environ- 
ment necessary  for  full  establishment  of  pathogenic  function,  passage  through 
a  succession  of  especially  suitable  hosts  may  hold  an  important  place. 

In  connection  with  the  sudden  appearance  of  diphtheria  in  isolated  localities, 
the  question  of  the  aerial  conveyance  of  the  virus  naturally  arises.  Upon  this- 
point  the  evidence  is  conflicting.  It  must  be  admitted  that  many  cases  occur  in 
rural  districts  which  seem,  at  first  at  least,  strongly  to  suggest  the  conveyance 
of  the  poison  through  the  atmosphere  for  considerable  distances.  On  the 
other  hand,  the  general  behaviour  of  diphtheria  in  the  dwelling  and  the 
hospital  would  seem  opposed  to  this  view,  for  although  the  infection  is  na 
doubt  capable  of  being  conveyed  through  the  atmosphere,  of  the  room  for 
instance,  for  certain  distances,  yet  close  association  and  even  actual  contact 
with  the  sick  seem  to  play  a  far  larger  proportionate  share  in  the  spread 
of  diphtheria  than  in  that  of  many  other  infectious  diseases.  Moreover,, 
although,  as  Dr.  Thorne  says,  '  no  limit  can  as  yet  be  assigned  to  the  con- 
ditions, as  to  distance  or  otherwise,  under  which  the  diphtheria  contagion  can 
travel  through  the  atmosphere  and  yet  retain  its  potency  for  harm,'  it  will  be 
seen  from  what  has  been  said  above  as  to  other  possible  modes  of  origin  of 
diphtheria  in  isolated  localities,  that  'it  is  pretty  certain  that  many  oc- 
currences of  diphtheria  which  some  years  ago  might  with  plausibility  have 
been  held  to  be  due  to  an  aerially  transmitted  infection,  would  now  admit 
of  a  different  explanation.' 

In  addition  to  the  methods  of  diphtheria  dissemination  already  described, 
it  is  certain  that  the  infection  may  adhere  to  clothing  and  the  like,  and  thus 
be  transmitted  from  place  to  place.  It  is  now,  also,  well  known  that  the 
diphtheria  virus  may  be  distributed  by  milk.  This  was  first  established  by 
Mr.  Power,  in  1878,  with  respect  to  an  outbreak  of  the  disease  in  North 
London.^  Since  that  time  several  other  outbreaks  in  association  with 
particular  milk  services  have  been  brought  to  light,  notably  one  at  Hendon 
and  one  at  York  Town  and  Camberley,  also  reported  upon  by  Mr.  Power 
in  1883  and  1887  respectively.     It  is  impossible  here  to  enter  into  the  details 

"  Report  to  the  Local  Government  Board  on  an  Epidemic  Prevalence  of  Diphtheria 
in  North  London,  1878. 
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of  these  outbreaks,  and  the  reports  themselves  should  be  studied.  It  is 
sufficient  now  to  say  that  they  have  been  the  means  of  estabUshing  beyond 
doubt  the  fact  that  milk  may  act  as  the  vehicle  for  the  dissemination  of 
'diphtheria  infection.  Mr.  Power  was  also  able  to  show  good  reasons  for 
thinking  that  the  quantity  of  the  milk  consumed  in  the  different  households, 
and  the  storage  of  such  milk  before  consumption,  were  important  factors  in 
determining  the  incidence  of  the  disease  upon  the  various  households  receiving 
ihe  infected  supply.  The  quantity  of  milk  consumed,  he  suggested,  might 
operate  either  as  quantity  or  by  leading  to  the  more  frequent  use  of  milk,  and 
consequent  repetition  of  the  act  of  infection.  The  storing  of  the  milk,  he 
considered,  might  be  harmful,  as  giving  time  for  the  multiplication  of  specific 
micro-organisms,  and  this  Dr.  Klein  has  since  shown  to  be  the  case. 

It  is  important,  however,  to  note  that  in  none  of  the  instances  above 
Tefen'ed  to  could  any  means  be  ascertained  by  which  it  was  likely  that  the 
suspected  milk  supplies  had  become  infected  by  human  diphtheria.  This,  as 
well  as  certain  circumstances  connected  with  the  outbreaks  referred  to,  raised 
the  question  as  to  whether  the  cows  themselves,  suffering,  perhaps,  from  an 
ailment  so  sHght  in  appearance  as  to  pass  unnoticed  by  those  about  the  farm, 
might  not  have  imparted  infective  quality  to  the  milk.  According  to  the 
lecent  investigations  of  Dr.  Klein,  it  would  seem  that  this  question  has  now 
been  answered  in  the  affirmative.^ 

And  this  leads  to  the  matter,  already  several  times  referred  to,  of  diphtheria 
in  the  lower  animals. 

Of  late  years,  evidence  as  to  the  participation  of  the  lower  animals  in 
diphtheria  has  been  accumulating.  Various  observers  in  studying  outbreaks 
of  human  diphtheria  have  met  with  cases  of  concurrent  throat  illness  of  a  hke 
kind  among  domestic  animals  and  birds,  particularly  cats,  sheep,  horses,  fowls, 
turkeys,  and  pigeons  ;  and  in  some  instances  strong  evidence  has  been  forth- 
coming that  the  animal  disease  in  question  was  derived  from  or  communicated 
to  the  human  subject.-  To  the  experimental  proof  of  the  occurrence  of 
diphtheria  in  cows  reference  has  already  been  made,  and  it  may  now  be  added 
that  Dr.  Klein  has  also  estabhshed,  by  laboratory  experiment,  the  fact  of  the 
occurrence  of  diphtheria  in  cats. 

Drainage  defects,  filth  accumulations,  and  the  like,  have  very  generally 
been  held  to  have  concern  in  the  origin  and  propagation  of  diphtheria.  For 
years,  indeed,  it  was  commonly  believed  that  circumstances  of  this  kind 
constituted  the  main  cause  of  diphtheria,  which  was  accordingly  regarded  as 
essentially  a  filth  disease.  It  must  be  admitted  that  a  view  so  widely  held, 
not  only  by  the  pubHc,  but  also  by  the  medical  profession,  must,  in  all  pro- 
bability, have  had  some  basis  in  fact.  Nevertheless,  the  knowledge  gained 
more  recently  as  to  the  natural  history  of  diphtheria  has  largely  tended  to 
modify  the  behef  in  question. 

It  may  be  conceded  at  once,  as  being  in  a  high  degree  likely,  that  such 
unwholesome  conditions  do,  by  lowering  vitaUty,  both  predispose  to  infection 
and  add  to  the  severity  of  the  disease,  if  contracted.  Moreover,  it  would 
seem  reasonable  to  suppose  that  drain  air,  or,  for  that  matter,  coal  gas,  would, 
by  giving  rise  to  a  relaxed  and  unhealthy  condition  of  the  mucous  Lining  of 
the  throat,  and  by  thus  inflicting  injury  at  the  special  seat  of  invasion  of 
diphtheria,  increase  the  liability  to  attack  by  that  disease  in  the  event  of 
exposure  to  specific  infection.     And,  furtber,  the  possibihty  of  the  diphtheria 

*  See  page  161,  ante. 

^  See  Eeport  by  Dr.  George  Turner  in  the  Eeport  of  the  Medical  Officer  to  the  Local 
Government  Board,  1886.  Also  Eeport  by  Dr.  Bruce  Low  on  an  Outbreak  of  Diphtheria 
at  Enfield  in  the  Eeport  of  the  Medical  Officer  to  the  Local  Government  Board,  1888. 
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bacillus  finding  its  way  into  sewers,  and  hence  into  houses  imperfectly  dis- 
connected from  such  sewers,  cannot  be  denied.  But,  on  the  other  hand,  it 
has  to  be  remembered  that  modern  inquiry  has  tended  to  emphasize  the 
share  taken  by  more  direct  infection  in  the  dissemination  of  diphtheria — 
either  infection  from  recognisable  forms  of  the  disease,  or  from  those  minor, 
and  perhaps  unrecognisable,  forms  which  it  is  now  known  may  be  capable  of 
giving  rise  to  severe  and  fatal  diphtheria.  And  other  means  of  infection, 
which  were  hitherto  unknown,  such  as  by  specifically  contaminated  milk,  or 
domestic  animals,  have  also  to  be  borne  in  mind.  It  is  therefore  certain  that, 
as  in  the  case  of  supposed  infection  through  the  medium  of  wind  currents, 
.so  here,  many  cases  of  diphtheria  which  it  has  been  customary  to  attri- 
bute to  drain  defects — and  drain  defects,  moreover,  which  notwithstanding 
modern  improvements  may  probably  still  be  detected  in  very  many  houses 
as  well  where  diphtheria  is  absent  as  where  it  is  present — might  now,  with 
due  care,  be  traced  to  one  or  other  of  the  causes  indicated.  Lastly,  if  we 
take  a  broad  view  of  the  matter,  we  see  two  strong  grounds  for  discrediting 
the  popular  notion  that  drainage  defects  and  other  filth  nuisances  play  a 
prominent  part  in  the  causation  of  diphtheria  :  1.  Diphtheria  is  steadily 
increasing,  in  spite  of  the  considerable  and  progressive  diminution  in  the 
unwholesome  conditions  of  the  sort  in  question,  whereas  the  reverse  is  the 
case  with  regard  to  enteric  fever,  a  disease  which  is  known  to  be  controllable 
by  sanitary  improvements.  2.  The  geographical  distribution  of  diphtheria 
in  England  lends  no  support  to  the  view  that  that  disease  especially  afi'ects 
ihose  areas  in  which  filth  nuisances  abound  or  defective  sewers  are  the  rule. 
In  referring  to  the  results  of  his  studies  of  the  geographical  distribution  of 
diphtheria,  Dr.  Longstaff  says  :  '  The  practical  deduction  suggested  by  these 
facts  is,  that  the  cause,  or  causes,  of  diphtheria  should  not  be  sought  for 
primarily  in  any  high  development  of  civilisation,  such  as  sewers,  but  rather 
in  some  condition  associated  with  a  more  primitive  mode  of  hfe.  Again, 
privies  and  ashpits  can  hardly  be  important  agents  in  breeding  or  dis- 
seminating the  disease,  or  we  should  expect  to  find  diphtheria  exceptionally 
prevalent  in  those  Northern  towns  where  such  nuisances  reach  their  worst, 
whereas  the  contrary  is  the  case.' 

It  has  been  suggested  that  diphtheria  may  be  disseminated  by  the  agency 
of  drinking-water,  but  the  evidence  at  present  is  against  such  being  the 
case. 

Assuming  that  the  diphtheria  bacillus  may  at  times  find  a  habitat  in  the 
surface  soil,  a  rise  in  the  subsoil  water  may,  by  expelling  the  ground  air, 
lead  also  to  the  expulsion  of  the  bacillus,  and  consequently  have  concern  in 
the  origination  of  some  diphtheria  outbreaks,  as  suggested  by  Mr.  M.  A. 
Adams  ;  and  this  is  a  matter  well  worthy  of  future  study. 

Relation  of  Diphtheria  to  other  Diseases. — Diphtheria,  or  what  is  certainly, 
from  a  clinical  point  of  view,  diphtheria,  and  is  followed  by  the  characteristic 
paralysis,  is  not  infrequently  observed  in  concurrence  with,  but  more  fre- 
quently in  sequence  to,  both  measles  and  scarlet-fever,  and  less  frequently 
perhaps,  enteric  fever.  Some  interesting  cases  of  associated  scarlet  fever  and 
diphtheria  will  be  found  recorded  in  a  paper  by  Dr.  H.  F.  Parsons  in  the 
Epidemiological  Society  '  Transactions  '  for  1883-84,  and  the  meaning  of  their 
association  is  also  there  discussed.  Speaking  generally,  it  may  be  anticipated 
that  diseases,  such  as  scarlet  fever  and  measles,  which  especially  lead  to  more 
or  less  temporary  damage  to  the  mucous  membrane  of  the  throat  would  pre- 
dispose to  the  reception  of  the  diphtheria  poison,  and  it  seems  likely  that 
this  is  the  true  explanation  of  many  of  the  instances  of  diphtheria  following 
upon  the  diseases  in  question.     At  the  same  time,  the  association  between 
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diphtheria  and  scarlatina,  at  all  events,  seems  at  times  to  be  an  extremely 
intimate  one,  and  in  individual  cases  the  co-existence  of  the  two  viruses  in  the 
same  body  is  at  least  a  possibility.  Indeed,  there  would  seem  no  theoretical 
ground  for  altogether  denying  the  possibility  of  such  a  co-existence  of  the 
viruses  extending  beyond  the  single  case,  and  giving  a  hybrid  character  to- 
other cases. 

When  diphtheria  is  prevalent,  there  is  very  commonly  an  increase  in 
the  number  of  deaths  registered  as  membranous  croup.  This,  however,  is 
apparently  a  matter  of  nomenclature  and  erroneous  diagnosis,  the  so-called 
croup  being,  no  doubt,  laryngeal  diphtheria.  Similarly,  diphtheria  deaths  are 
often  registered  as  mumps,  laryngitis,  and  tonsillitis. 

Period  of  Incubation. — Most  observers  regard  the  period  of  incubation  of 
diphtheria  as  being  a  short  one,  usually  two  or  three  days,  but  as  liable  to 
vary  from  one  to  six  days  or  so.  Some  authorities,  on  the  other  hand,  give 
a  much  wider  variation,  as,  for  instance,  from  one  day  to  a  fortnight.  As 
regards  unusually  long  incubation  periods.  Dr.  Thorne  points  out  '  the  possi- 
bility of  one  of  those  mild  sore-throat  attacks  from  which  adults  at  times 
suffer  during  diphtheria  epidemics,  and  this  without  known  inconvenience,' 
having  preceded  in  the  individual  the  attack  which  attracted  notice ;  the- 
latter  being,  in  fact,  recrudescence  of  the  disease  in  the  individual  in. 
question.  It  is  also  not  unlikely  that  the  period  of  incubation  varies  with, 
the  quality,  and  perhaps  with  the  dose,  of  the  virus,  as  well  as  with  the  con- 
dition, especially  as  to  the  throat,  of  the  recipient.  In  milk  epidemics  the 
period  of  incubation  seems  usually  to  be  short,  a  circumstance  most  pro- 
bably due  to  '  conditions,  such  as  storage  of  the  supply,  [which]  have- 
favoured  the  multiplication  of  the  bacilli  and  subsequent  formation  of  chemical 
poison,  as  also  the  direct  reception  of  the  poison  into  the  stomach.  .  .  .' 

Period  of  Infectiveness. — This  is  variously  stated  by  different  observers- 
as  from  fourteen  days  to  eight  weeks.  Much,  of  course,  must  depend  upon 
the  circumstances  of  the  individual  case  ;  but  it  may  well  be  suspected  that 
considerable  harm  in  the  way  of  the  spread  of  diphtheria  is  done  by  under- 
estimating this  period,  and  allowing  diphtheria  convalescents  to  mix  with  the 
healthy,  and  perhaps  return  to  school  while  still  in  an  infective  condition. 
Moreover,  in  this  connection  the  observations  of  Dr.  Astley  Gresswell, 
which  seem  to  show  that  in  certain  individuals  diphtheria  may,  so  to  speak,, 
become  chronic,  and  subject  from  time  to  time,  especially  upon  exposure  to 
cold  and  damp,  to  recrudescence,  are  of  the  utmost  importance,  and  should 
be  carefully  studied.  ^ 

Protection. — It  is  usually  said  that  diphtheria  confers  no  immunity 
against  subsequent  attack.  Certainly,  second  and  third  attacks  in  the  same 
individual  are  not  unfrequently  met  with,  but  how  far  the  later  attacks  are 
due  to  a  fresh  infection,  and  how  far  to  rejuvenescence  of  a  dormant  virus 
left  by  an  earlier  attack,  as  suspected  in  some  cases  by  Dr.  Gresswell,. 
remains  an  open  question. 

^  '  Diphtheria  as  a  Chronic  Malady  in  Particular  Individuals,  with  Liability  in  them  to 
Eecrudescence '  {Trans.  Epidcm.  Soc,  N.S.,  vol.  v.,  1885-86). 
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CEEEBEO-SPINAL   FEVEE 

Synon. :  Epidemic  Cerebro- Spinal  Meningitis ;  Cerebro- Spinal  Arachnitis  ; 
Cerebral  Typhus ;  Malignant  Purple  Fever ;  Spotted  Fever.  Fr. 
Meningite  Cer&bro-spinale  Epidemique ;  Ger.  Epidemische  Menin- 
gitis ;  It.  Febbre  Cerebro-spinale. 

History. — The  more  important  history  of  this  malady  dates  from  the 
year  1837.  Medical  records,  however,  bear  testimony  to  its  prevalence  in 
Switzerland,  France,  and  particularly  America,  during  the  early  years  of  the 
century.  Some  French  writers,  indeed,  have  considered  that  they  could 
trace  it  in  the  literature  of  far  earher  times ;  but  upon  this  point  the  evidence,, 
according  to  other  authorities,  notably  Ziemssen  and  Hirsch,  is  of  a  doubtful 
nature.  However  that  may  be,  the  disease  appeared  in  epidemic  form  in 
the  South  of  France  about  the  year  1837,  being  apparently  at  this  time  first 
observed  among  the  troops  at  Bayonne,  but  almost  simultaneously  at  Foix 
and  Narbonne.  During  the  next  five  years  it  extended  over  a  large  part  of 
France,  spreading,  it  would  seem,  from  the  centres  mentioned.  In  its  pro- 
gress through  France  its  incidence  upon  the  military  population  was  con- 
spicuous, and  it  is  interesting  to  note,  as  bearing  upon  the  mode  of  its  spread, 
that  upon  several  occasions  its  appearance  in  particular  localities  seems 
clearly  to  have  been  due  to  importation  by  recently  arrived  troops.  The 
following  is  a  brief  summary  of  this  French  epidemic  : — 

About  the  time  of,  or  shortly  after,  its  appearance  at  Bayonne,  the  dis- 
ease prevailed  up  the  banks  of  the  river  Adour,  in  the  department  of  the 
Landes,  and  among  the  troops  at  Bordeaux  and  La  Eochelle.  In  the  following 
year  it  broke  out  at  Eochefort  among  soldiers  who  had  arrived  there  from  the 
Landes,  and  in  the  next  year  (1839)  it  appeared  at  Versailles,  again  among 
the  same  soldiers,  who  had  been  moved  there  from  Eochefort.  In  1839  it 
also  broke  out  in  the  garrison  at  Metz,  and  reappeared  at  Bordeaux  ;  in  1840 
it  broke  out  at  Strasburg,  and  a  second  time  at  Bayonne ;  and  in  1841 
in  the  garrison  at  Nancy — being  carried  in  the  meantime  by  detachments  of 
troops  to  a  number  of  adjacent  places,  such  as  Schlettstadt,  Hagenau, 
Buxweiler,  and  Wasselonne  (Hirsch).  At  Laval  the  disease  had  broken  out 
in  the  garrison  in  the  spring  of  1840,  and  thence,  in  the  following  winter,, 
it  was  seemingly  carried  to  Le  Mans,  appearing  about  the  same  time  at  Blois^ 
Tours,  Poitiers,  and  other  places  around.  In  1840-41  it  was  also  present  in 
the  garrisons  of  Brest,  Caen,  and  Cherbourg ;  and  in  1842  there  were  a 
number  of  cases  in  Paris. 

It  has  already  been  seen,  however,  that  simultaneously,  or  almost  simul- 
taneously, with  its  appearance  at  Bayonne  in  1837  the  disease  had  also 
broken  out  at  Foix  and  Narbonne.  From  this  centre,  apparently  (1838)  it 
spread  to  Hers,  near  Toulouse,  and  to  the  troops  at  Nimes  and  Toulon. 
About  a  year  later  it  appeared  in  the  garrisons  at  Avignon,  Perpignan,  and 
Montbrison,  and  in  the  years  1841-42  at  Marseilles  and  Lyons. 

After  a  general  abatement  throughout  France  from  1842  to  1845,  several 
more  or  less  extensive  epidemics  again  occurred  in  that  country  between 
1846  and  1850.  In  its  reappearance  the  malady  seems  first  to  have  broken 
out  in  localities  which  had  be§n  affected  by  it  during  the  previous  epidemic 
of  1837-42,  such,  for  instance,  as  the  garrisons  of  Avignon,  Lyons,  Nimes, 
Toulouse,  and  Metz. 
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During  the  period  under  consideration  (1837-50)  cerebro- spinal  fever 
was  somewhat  widely  prevalent  in  Southern  Italy,  where  it  seems  first  to 
have  occurred  in  1839-40,  and  to  have  continued  to  prevail  until  1845.  In 
1840,  also,  it  broke  out  in  Algiers,  probably  in  connection,  as  Hirsch 
remarks,  with  its  prevalence  in  France,  and  the  French  troops  at  Douera 
were  among  those  who  were  early  attacked.  In  1842  the  disease  became 
prevalent  in  the  United  States,  where  it  was  first  observed  in  Tennessee 
and  Alabama,  subsequently  becoming  epidemic  in  a  number  of  other  States 
between  1842  and  1850. 

During  the  year  1843  there  was  a  malignant  epidemic  at  Corfu,  and  a 
minor  epidemic  at  Gibraltar  in  1844.  In  Denmark  the  disease  appeared  in 
1845.  In  the  latter  year,  also,  cases  occurred  iu  the  Dubhn  and  Belfast 
workhouses,^  and  in  Liverpool.  A  few  cases  were  also  observed  in  Ireland 
in  1850.  From  1850  to  1854  there  seems  little  record  of  cerebro-spinal 
fever ;  but  the  latter  year  saw  the  beginning  of  another  widespread  epidemic 
diffusion  of  it,  and  the  disease  continued  active  in  one  country  or  another 
until  about  the  year  1876.  During  this  period  the  countries  most  severely 
affected  were  Sweden,  Germany,  Eussia,  Greece,  Italy,  and  especially 
America.  It  was  present  also,  but  in  a  minor  degree,  in  Great  Britain, 
Denmark,  Norway,  France,  Switzerland,  Austria,  Hungary,  Turkey,  and 
Portugal,  Jerusalem,  Persia,  and  Algiers.  It  was  earhest  observed  in  Sweden, 
where  some  cases  occurred  at  Gothenburg  in  1854 ;  but  it  did  not  become 
truly  epidemic  in  that  country  until  the  following  year.  It  then  slowly  ex- 
tended over  the  south  of  Sweden,  dying  down  during  the  latter  half  of  each 
year,  to  reappear  early  in  the  following  year.  Each  year,  too,  it  travelled 
farther  northwards,  until  1858,  when  it  had  reached  the  latitude  of  63°  N. 
Subsequently  to  this  the  disease  was  more  or  less  present  each  year,  but  with 
gradually  decreasing  intensity,  and  chiefly  in  localities  in  which  it  had  pre- 
viously occurred,  until  1865,  when  it  became  again  more  prevalent.  But  it 
finally  died  out  in  1867. 

Early  m  1859  the  disease  had  broken  out  in  Norway  at  Opdal,  in  the 
province  of  Hedemarken,  which  adjoins  Sweden.  If,  as  there  seem  grounds 
for  thinking,  Sweden  had  previously  to  1854  been  free  from  cerebro-spinal 
fever,  the  probability  of  the  malady  having  at  this  period  found  its  way  there 
from  Denmark,  where  it  had  been  prevalent  a  few  years  before,  is  obvious. 

The  country  which  especially  suffered  during  the  period  under  considera- 
tion was  the  United  States  of  America.  The  disease  broke  out  in  1856-57, 
both  in  North  Carolina  and  the  New  York  State,  and  between  the  latter 
year  and  1874,  according  to  Hirsch, '  scarcely  a  year  passed  without  its  being 
seen  over  a  larger  or  smaller  area,  its  diffusion  from  first  to  last  covering  the 
whole  country.'  In  the  Civil  War,  it  was  particularly  prevalent  among  the 
troops,  attacking  also  the  negroes  in  the  Confederate  army. 

In  Germany,  the  disease  was  observed  on  a  small  scale  in  Silesia  during 
the  year  1863,  and  became  more  conspicuously  prevalent  in  the  winter  of 
1863-64,  when  it  appeared  at  many  different  places  in  Posen,  Brandenburg, 
East  and  West  Prussia,^  and  Pomerania,  remaining  '  epidemic  therein  until 
the  end  of  the  following  winter  '  (Hirsch). 

In  Hanover  and  Brunswick  it  was  epidemic  in  the  winter  and  spring  of 
1864-65.  During  the  same  period,  but  commencing  somewhat  later,  it  was 
also  present  in  Bavaria,  Hesse,  Baden,  and  Wiirtemberg.  By  the  end  of 
1866  the  German  epidemic  had  spent  itself,  and  the  disease  became  limited 

1  See  paper  in  Dublin  Quarterly  Journal  of  1846  by  Dr.  Kobert  Mayne. 

2  A  report  by  Dr.  Burdon  Sanderson  upon  the  epidemic  at  Dantzic  in  1865,  will  be 
found  in  the  Annual  E  port  for  that  year  by  the  Medical  Officer  to  the  Privy  Council. 
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to  quite  small  epidemics  and  sporadic  cases,  chiefly  in  the  colder  seasons  of 
the  year. 

As  regards  Austria-Hungary,  some  cases  occurred  in  Vienna  in  the 
spring  of  1863 — that  is,  it  will  be  remembered,  the  year  in  which  we  have 
record  of  its  appearance  in  Silesia.  Other  prevalences  occurred  at  Gomor 
in  Hungary,  and  Pola  and  Trieste  in  Austria,  during  the  three  following 
winters.  In  the  same  year  it  broke  out  in  Eussia  and  Greece,  afterwards 
spreading  widely  in  those  countries.  In  Italy  it  did  not,  apparently,  during 
this  epidemic,  appear  until  1873.  As  regards  Great  Britain,  a  rather 
important  outbreak  occurred,  notably  among  soldiers,  in  Dublin  and  other 
parts  of  Ireland,  during  the  winter  of  1866-67.  Several  interesting  papers 
upon  this  epidemic  were  read  before  the  Medical  Society  of  the  Irish  College 
of  Physicians,  and  a  long  discussion  upon  them  took  place.^  The  outbreak 
produced  considerable  sensation,  and  some  observers  were  inclined,  in  view 
of  the  high  mortality  which  attended  it,  and  the  purpuric  rashes   which 

■  occurred  in  some  of  the  cases,  to  regard  it  as  a  reappearance  of  the  '  Black 
Death  ' — a  view,  however,  which  was  soon  abandoned.  About  the  same 
time  some  cases  were  observed  near  Lincoln  ;  ^  but  the  disease  does  not  appear 

•to  have  been  conspicuously  prevalent  in  England. 

Subsequently  to  1876,  cerebro-spinal  fever,  judging  from  the  scanty  re- 
'  cords  of  it,  seems  to  have  generally  abated.  Some  minor  epidemics  have  since 
been  observed,  as,  for  instance,  that  in  Fiji  in  1885,^  in  Dubhn  in  1885-86,^ 
and  in  the  basin  of  the  Mediterranean  in  1887-88.^  In  1890,  also,  some  cases, 
apparently  of  this  disease,  occurred  in  the  Eastern  Counties  of  England, 

■  especially  at  Oakley,  in  Suffolk.  The  Oakley  cases  unquestionably  constituted 
a  small  epidemic  of  a  malady  having  for  its  main  characteristic  cerebro- 
spinal symptoms — vertigo,  headache,  great  drowsiness,  marked  retraction 
of  the  head,  and  in  some  cases  opisthotonos  and  subsequent  paralysis.  In 
certain  instances  other  symptoms  also  suggestive  of  true  cerebro-spinal  fever 
were  observed,  such  as  conjunctivitis,  herpes  of  the  mouth,  and  a  rash  '  Hke 
chicken-pox.'  There  was,  too,  as  Dr.  Low  points  out,  '  a  definite  group  of 
cases,  with  associated  scattered  cases  in  the  neighbourhood,  but  with  no 
apparent  connection  between  them,'  such  as  has  been  commonly  observed 
in  respect  to  cerebro-spinal  fever.  In  two  points,  however,  the  Oakley  out- 
break differed  from  some  of  the  more  typical  epidemics  of  cerebro-spinal  fever 
as  that  disease  has  been  seen  in  other  countries,  %dz.  in  its  low  fataUty  andin 
the  frequency  with  which  multiple  cases  occurred  in  the  same  household. 
But  neither  of  these  differences  could  be  held  as  establishing  a  distinction 
from  true  cerebro-spinal  fever.  It  has  several  times  been  observed  that  well- 
marked  epidemics  of  this  latter  disease  have  been  accompanied  by  numbers  of 

■  cases  exhibiting  somewhat  similar  symptoms  to  the  typical  malady,  but  of  so 
mild  a  character  as  almost  to  escape  attention.  There  would,  therefore,  seem 
no  reason  why  a  particular  locahsed  epidemic  should  not  consist  wholly  of 

:  such  relatively  mild  attacks.  As  regards  the  multiple  cases,  although  it  has 
been  stated  of  certain  important  and  well-marked  epidemics  of  cerebro-spinal 
fever  that  multiple  cases  in   households   have  been  conspicuous  by  their 

.absence,  yet  this  has  not  always  been  the  case. 

'  Medical  Press  and  Circular,  June  5,  12,  and  19,  1867. 

2  Lancet,  1867,  '  On  an  Epidemic  of  Cerebro- Spinal  Meningitis,'  by  G.  M.  Lowe,  M.D. 
^  See  the  account  in  the   Trans.  Epidem.  Soc,  Lend.,  N.S.,  vol.'  vii.,  by  Mr.  B.  G. 
'Corney. 

*  British  Medical  Journal,  June  26,  1886. 

*  Notes  by  Dr.  Thome  in  the  Be^port  of  the  Medical  Officer  to  the  Local  Oovemment 
.Boa/rd,  1888. 
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On  the  other  hand,  havmg  in  view  the  prevalence  of  influenza  in  this 
country  during  the  early  part  of  the  year  1890,  the  protean  character  of  that 
malady,  and  the  fact  that  in  the  first  instance  its  main  assault  appears  to  be- 
upon  the  cerebro-spiaal  system  ;  and  coupling  with  these  facts  the  previous- 
relative  freedom  of  England  from  cerebro- spinal  fever,  it  might  no  doubt  be 
suggested  that  the  low  mortahty  and  multiple  cases  in  the  Oakley  outbreak 
were  rather  suggestive  of  a  form  of  influenza  in  which  the  cerebro-spinal 
symptoms  were  more  than  usually  prominent,  than  of  cerebro-spinal  fever,> 
This  hypothesis  might,  perhaps,  be  thought  to  be  strengthened  by  the  interest- 
ing account  given  later,  by  Dr.  Bruce  Low,  of  another  series  of  cases  of 
'  anomalous  illnesses '  in  certain  localities  in  Northamptonshire.  In  these 
latter  cases  pneumonia  was  the  more  prominent  feature,  and  although  decided, 
meningeal  symptoms  were  observed,  they  do  not  appear  to  have  been  so  con- 
stant or  so  conspicuous  as  among  the  Oakley  cases.  As  at  Oakley,  they  were 
characterised  by  a  low  mortahty,  and  multiple  cases  in  households  were- 
common. 

Nevertheless,  it  is  to  be  noted  that,  as  regards  age  incidence,  the  Oakley 
and  Northamptonshire  cases  apparently  differed  from  influenza,  and  al- 
though not  in  accord  with  some  experiences  of  cerebro- s^Dinal  fever  in  this- 
respect,  the  balance  of  evidence  seems  to  point  to  that  disease  rather  than 
to  influenza. 

Mortality. — Cerebro-spinal  fever  has  at  times  given  rise  to  considerable 
mortality.  According  to  Hirsch,  4,577  deaths  were  officially  assigned  to  this 
disease  in  Sweden  during  the  periods  185i-60  and  1865-70,  in  which  it  has 
been  seen  the  disease  was  prevalent  in  that  country.  In  the  epidemic  about 
the  Lower  Vistula  in  1865,  at  least  1,000  persons  died  of  the  disease  in  the 
Circle  of  Dantzic  during  the  first  few  months  of  the  year. 

As  regards  this  country,  reference  to  the  Eegistrar- General's  Annual 
Keports  shows  that  the  deaths  recorded  annually  in  England  and  Wales 
as  due  to  '  cerebro-spinal  fever  '  dm'iag  the  fifteen  years,  1876-1890,  have 
ranged  from  18  in  1888  to  58  in  1878.  These  sporadic  cases,  however 
*  scattered  broadcast  over  the  country,'  cannot,  as  the  Medical  Ofiicer  to  the 
Local  Government  Board  suggests  in  his  Aimual  Eeport  for  the  year  1888, 
with  any  confidence  be  affirmed  as  of  the  same  nature  as  those  seen  in 
epidemic  form  elsewhere,  though  there  is, '  in  the  fact  of  the  occurrence  of  any 
such  deaths  in  England,  reason  for  watchfulness  on  the  part  of  Health 
Authorities  and  then'  officers.'  It  may  also  quite  well  be,  as  Dr.  Bruce  Low 
suggests,  that  true  cerebro-spinal  fever  is  of  more  frequent  occurrence  than 
is  generally  supposed,  owing  to  fatal  cases  being  certified  as  '  fever,'  tuber- 
cular meningitis,  &c.,  and  non-fatal  cases  being  mistaken  for  some  other 
ailment. 

Fatality. — The  fatahty  in  well-marked  epidemics  has  usually  been  very 
great.  Accordhig  to  Boudin's  statistics,  quoted  by  Su'  John  Simon,  809' 
deaths  occurred  among  1,304  patients — a  fatality  of  62  per  cent.  In  the 
worst  epidemics  the  fatality,  Sir  John  Simon  points  out,  *  seems  to  have  been 
as  high  as  80  per  100.'  Dr.  T.  W.  Grimshaw,  in  Quain's  '  Dictionary  of 
Medicine,'  gives  the  fatality  in  some  of  the  American  epidemics  as  75  per- 
cent., and  states  that  among  the  Irish  Constabulary  it  reached  80  per  cent. 

It  is,  however,  not  improbable  that  the  estimates  referred  to  are  some- 
what too  high,  for,  as  Sir  John  Simon  points  out  elsewhere  in  the  same  memo- 
randum, while  cases  of  the  gravest  kind  '  are  occurring,  perhaps,  not  very 
numerously  in  a  place,  sometimes  within  the  same  area,  or  scattered  over  a 
wider  one,  a  large  number  of  other  persons  will  sufler  slight  indications  of 
similar  nervous  derangement.     Headache,  vertigo,  muscular  discomfort  in 
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the  head  and  hmbs,  and  attacks  of  chilliness,  are  the  chief  of  these  minor 
indications,  which  apparently  bear  to  the  graver  cases  the  same  sort  of  rela- 
tion as  epidemic  diarrhoea  bears  to  concurrent  epidemic  cholera.' 

If  these  milder  cases  could  have  been  estimated,  the  fatality  would  pro- 
bably turn  out  to  be  lower  than  it  has  usually  been  stated  to  be. 

Influence  of  Bace,  Sex,  and  Age. —  So  far  as  present  experience  goes,  all 
races  would  appear  to  be  subject  to  this  disease  if  brought  within  the  range  of 
infection.  Li  various  American  epidemics  the  negroes  have  suffered  exces- 
sively, but  whether  this  was  due  to  special  susceptibility  qitd  race,  or  to  con- 
ditions of  life,  is  doubtful. 

It  is  usually  stated  that  the  disease  is  more  frequent  among  males  than 
females  ;  Hirsch,  however,  is  of  opinion  '  that  there  are  no  considerable  differ- 
ences discoverable  '  in  this  respect. 

As  regards  age,  cerebro- spinal  fever  has  been  known  to  occur  in  persons 
of  all  ages,  though  least  frequently  among  those  beyond  middle  life.  Ac- 
cording to  Dr.  Grimshaw,  '  the  disease  usually  attacks  those  approaching 
the  age  of  puberty  or  in  early  adult  life,'  and  '  robust  males  between  the 
ages  of  fifteen  and  thirty  are  its  favourite  victims.'  This  latter  statement, 
no  doubt,  seems  to  derive  some  support  from  the  experience  of  military 
epidemics  ;  but  the  incidence  of  the  malady  upon  troops  is  clearly  due  to  some 
factor  other  than  age ;  and  where  the  civil  population  has  been  attacked, 
children  have  often  suffered  severely.  Hirsch  gives  a  long  list  of  epidemics 
in  which  children  up  to  the  age  of  about  fifteen  years  have  suffered  almost 
exclusively,  and  he  remarks  that  '  it  has  been  much  less  common  for  patients 
of  from  twenty  to  thirty  years  of  age  to  outnumber  the  children  and  youths.' 

Influence  of  Climate  and  Season. — Hitherto  cerebro-spinal  fever  has  in 
the  main  been  limited  to  temperate  and  sub-tropical  latitudes,  and  there 
seems  little  evidence  of  its  having  prevailed  extensively  in  the  tropics,  though, 
as  we  have  already  seen,  it  has  occurred  in  the  Fiji  Islands.  In  all  countries 
in  which  it  has  at  present  been  observed  in  epidemic  form  it  seems  to  have 
been  decidedly  most  prevalent  in  the  winter  and  spring,  again  and  again 
dying  down  at  the  approach  of  warmer  weather,  to  reappear  with  the  ensu- 
ing cold  season.  In  the  case  of  Fiji,  also,  we  learn  from  Mr.  Corney  that 
■"  the  period  at  which  the  epidemic  prevailed  was  the  cool  season  of  the  year, 
in  1885,  an  unusually  cool  one  for  Fiji  .  .  .  .' 

Cause  and  Mode  of  Dissemination. — One  of  the  most  noticeable  features 
in  the  behaviour  of  this  disease,  as  judged  by  its  past  history,  is  its  marked 
incidence  upon  troops  and  persons  living  together  in  public  institutions,  such 
as  workhouses  and  prisons.  The  French  epidemic  of  1837  and  the  follow- 
ing years  was  largely  among  the  military,  and  in  America,  Ireland,  and 
other  countries,  the  soldiers  have  at  different  times  been  observed  to  suffer 
heavily.  Similarly,  in  certain  epidemics  it  has  been  the  inhabitants  of 
prisons  and  workhouses  that  have  almost  exclusively  been  attacked. 

This  circumstance  might  at  first  sight  be  regarded  as  indicating  infection 
as  at  least  a  prominent  factor  in  the  spread  of  the  disease.  Nevertheless, 
the  detailed  evidence,  though  somewhat  conflicting,  is  generally  held  to  be 
opposed  to  this  view.  Thus,  with  respect  to  the  Dantzic  epidemic.  Prof. 
Burdon  Sanderson  reports  that  he  met  with  no  facts  '  which  afforded  ground 
for  believing  that  epidemic  meningitis  was  capable  of  being  communicated 
by  personal  intercourse,'  while,  on  the  other  hand,  he  found  evidence  to  the 
contrary  effect.  In  the  town  of  Dantzic,  for  instance,  the  average  number 
of  persons  living  in  a  house  was,  he  states,  eighteen,  but  he  did  not  hear  of 
;a  single  instance,  up  to  the  time  of  his  inquiry,  of  two  persons  suffering  in 
the  same  house.     Influenced  by  experience  of  the  same  kind,  and  by  the 
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allied  observation  that  those  in  attendance  upon  persons  suffering  from  this 
disease,  and  other  patients  associated  with  such  persons  in  general  hospitals, 
are  but  very  rarely  attacked,  most  authorities  have  expressed  themselves 
decidedly  against  the  spread  of  the  disease  by  infection.  In  this  connection, 
however,  the  following  remarks  by  the  Medical  Officer  to  the  Local  Govern- 
ment Board,  in  his  Annual  Report  for  the  year  1888,  are  of  much  interest : 
'  The  disease  that  was  epidemic  in  Cyprus  [1888]  did  not  appear  to  be  infec- 
tious from  person  to  person,  and  in  this  respect  it  corresponded  with  the  out- 
breaks that  were  observed  in  1864-65  in  villages  on  the  Lower  Vistula,  and 
that  were  the  subject  of  report  by  Dr.  Sanderson  to  the  Medical  Department 
of  the  Privy  Council  (Eighth  Eeport  of  Medical  Officer).  But  for  some  years 
there  have  been  observed  in  various  countries  (Landesbezirke)  of  Prussia 
(notably  in  certain  towns  of  Oppeln  County,  in  Upper  Silesia),  outbreaks  of 
cerebro-spinal  meningitis  in  which  German  medical  observers  believe  they 
have  detected  a  certain  infectious  quality,  and  in  respect  of  which  the  Prus- 
sian sanitary  authorities  enjoin  that  every  precaution  be  taken  that  is  proper 
to  be  taken  in  the  case  of  definitely  contagious  maladies.'  The  evidence  at 
present,  therefore,  would  seem  to  suggest,  either  that  cerebro-spinal  fever 
varies  considerably  as  regards  infectiveness,  or  that  different  ihaladies  have 
so  far  been  confused  under  one  common  name. 

On  the  whole,  as  regards  well-marked  cerebro-spinal  fever,  the  evidence 
perhaps  rather  goes  to  support  the  view  expressed  in  1865  by  Sir  John- 
Simon,  that  '  if  directly  communicable  from  person  to  person  [cerebro-spinal. 
fever]  is  communicable  only  in  a  very  low  degree.  Such  communicability 
as  is  familiar  to  us  with  typhus,  small-pox,  and  other  eruptive  fevers,  cerebro- 
spinal fever  does  most  assuredly  not  possess.' 

According  to  Fagge,  '  one  suggestion  is  that  a  contagious  principle  is 
given  off'  by  the  sick,  but  that  it  has  to  undergo  some  transformation  or 
intermediate  stage  of  its  development,  possibly  ui  another  animal,  before  it 
can  infect  a  human  being  ; '  and  he  adds  that  it  is  stated,  '  on  the  authority 
of  Mr.  Ferguson,  Veterinary  Surgeon  to  the  Privy  Council  in  Ireland,  that 
on  each  occasion  when  the  disease  has  prevailed  in  that  country  it  has  co- 
existed with  an  epizootic  of  the  same  nature  among  pigs  and  dogs.'  ^ 

But  if  not  directly  communicable,  in  any  high  degree  at  least,  there  are 
strong  grounds  for  regarding  the  disease  as  communicable  in  the  sense  of 
being  transportable  from  place  to  place  by  infected  persons  and,  perhaps,, 
infected  things.  By  some  the  disease  has  been  thought  of  as  due  to  a 
widespread  influence  independent  altogether  of  human  movements,  and  in 
support  Oi  this  view  it  has  been  pointed  out  that  on  particular  occasions 
cerebro-spinal  fever  has  appeared  simultaneously  at  widely  separated  locahties. 
Obviously  it  may  be  true,  given  the  essential  cause  of  the  disease  at  the  spots 
in  question  (left,  perhaps,  by  some  previous  outbreak),  that  certain  widespread 
meteorological  conditions  may  determine  a  simultaneous  outbreak  in  places 
remote  from  one  another.  Or,  again,  it  may  conceivably  be  that,  under  the 
circumstances  of  modern  life,  such  widespread  conditions  are  capable  of 
imparting  to  micro-organisms  not  usually  pathogenic,  ability  to  produce 
cerebro-spinal  fever.  But  it  must  be  remembered  that,  as  regards  outbreaks 
of  the  kind  in  question,  it  is  extremely  difficult  to  exclude  the  possibility  of 
importation  of  the  disease  by  human  agency,  and  there  is  nothing  improbable 
in  the  notion  of  its  simultaneous  importation  at  different  places. 

On  the  other  hand,  a  broad  view  of  the  history  of  the  disease  decidedly 
supports  the  view  that  human  intercourse  holds  a  very  important  place 
in  its  spread.     Taken  generally,  the  march  of  cerebro-spinal  fever  has  not 

'  Fagge,  op.  cit.,  i.  697. 
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been  particularly  rapid,  and  the  disease  has  largely  spread  circumferentially 
from  previously  invaded  districts.  Lastly,  as  regards  particular  places,  there 
has  been  very  strong  suggestion  of  importation. 

Ziemssen,  Hirsch,  and  some  other  authorities,  are  agreed  that  circumstances 
of  Hfe  have  concern  in  the  prevalence  of  this  disease,  and  that  persons  living 
under  conditions  of  overcrowding,  defective  ventilation,  and  filth,  are  more 
liable  to  suffer  than  those  more  favourably  situated.  In  many  epidemics 
among  the  civil  population  the  disease  is  said  to  have  been  confined,  or  almost 
confined,  to  the  most  uisanitary  parts  of  the  towns  invaded  ;  and  when  troops 
have  mainly  suffered,  the  officers  have  often  been  observed  to  enjoy  a  marked 
immunity.  On  the  other  hand.  Professor  Burdon  Sanderson  did  not  associate 
the  outbreak  in  the  Lower  Vistula  with  unwholesome  conditions ;  and  as 
regards  the  Oakley  outbreak,  Dr.  Bruce  Low  found  the  conditions  of  life 
among  those  affected  no  better  and  no  worse  than  those  of  their  class 
generally. 

Among  other  predisposing  causes,  experience  of  military  outbreaks  seems 
to  show  that  excessive  fatigue  is  of  importance,  and  apparently  it  has  some- 
times been  practicable  to  make  an  epidemic  of  this  disease  decline  by  lighten- 
ing the  men's  duties. 

Considerable  importance  has  also  been  attributed  by  some  observers  to 
dampness  of  soil  as  an  etiological  factor  in  this  disease,  and  it  has  been  sug- 
gested, in  fact,  that  cerebro-spinalfever  is  of  malarial  origin.  Hirsch,  on  the 
other  hand,  opposes  the  malarial  theory,  pointing  to  the  prevalence  of  this 
disease  in  high  and  dry  locahties.  Conversely,  he  states  as  regards  France, 
that  '  it  is  precisely  the  great  marshy  districts  that  have  been  least  touched  by 
it.'  As  pointing  to  the  same  conclusion  he  also  refers  to  the  fact  of  cerebro- 
spinal fever  usually  occurring  in  the  winter. 

In  view  of  the  frequency  with  which  cerebro-spinal  fever  has  been 
observed  to  occur  in  the  colder  seasons  of  the  year,  cold  has  from  time  to 
time  been  regarded  as  its  ultimate  cause.  The  association  between  cold  and 
this  disease  is,  however,  by  no  means  so  constant  as  to  support  such  a  thesis. 
There  are  not  a  few  epidemics  on  record  in  which  the  disease  has  survived 
the  cold  of  winter,  continuing  to  spread,  or  in  some  cases  breaking  out,  in  the 
warm  weather  of  late  spring,  or  even  summer  [see  Hirsch).  Clearly,  then, 
the  relation  between  cold  weather  and  cerebro-spinal  fever,  although  no  doubt 
in  a  sense  real,  is  indirect.  For  the  essential  cause  we  must  search  deeper, 
and  in  the  present  day  it  will  hardly  be  denied  that  the  general  features 
of  the  disease  in  question  point  strongly  to  a  micro-organism  as  that  cause. 
We  are  even  perhaps  justified  in  going  so  far  as  to  suggest  that  the  organism 
probably  belongs  to  the  class  of '  facultative  parasites,'  being  capable  of  thriving 
and  multiplying  outside  human  or  animal  bodies. 

Suggestions  of  this  are  found  in  the  fact  that  the  disease  has  often  broken 
out  in  districts  which  have  suffered  from  previous  epidemics ;  that  upon  its 
first  introduction  into  a  district  it  has  on  some  occasions  exhibited  but  a  minor 
manifestation  during  the  first  season  of  its  appearance,  becoming  decidedly 
more  prevalent  during  the  next  cold  season ;  that  while  it  is  not  conspicuously 
infectious,  it  is  apparently  transportable  ;  and  lastly,  that  in  not  a  few  instances 
it  has  shown  a  decided  tendency  to  cling  to,  and  practically  limit  its  mani- 
festation to,  the  inhabitants  of  particular  public  institutions,  such  as  barracks, 
and  even  to  particular  parts  of  these  institutions.  All  these  facts,  though  no 
doubt  capable  of  other  explanations,  are  at  least  consistent  with  the  hypothesis 
of  the  ability  of  the  micro-organism  to  carry  on  a  saprophytic  existence, 
perhaps  in  the  soil,  and  perhaps  also  in  the  dust  and  dirt  accumulated  between 
the  boards  of  barrack-room  floors. 
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SIMPLE   CONTINUED  FEVEE 

Synon.  :  Fehricula.     Fr.  Febricule  ;  Ger.  Febricula ;  It.  Fehhricola. 

From  time  to  time  cases  of  more  or  less  transient  fever  are  met  with 
"which  are  unattended  by  any  definite  and  constant  symptoms,  other  than 
those  commonly  associated  with  pyrexia.  The  difficulty  of  classing  such 
cases  with  any  of  the  more  speciaUsed  fevers  long  ago  gave  rise  to  the  notion 
of  a  '  simple  continued  fever ' — a  notion  which  apparently  dates  back  to 
the  days  of  Hippocrates,  and  has  survived  to  our  own  time.  '  But  most 
physicians  now  beheve  that  a  disease  without  any  morbid  anatomy,  without 
any  known  etiology,  and  without  any  definite  or  characteristic  course  or 
symptoms,  cannot  be  admitted  into  a  useful  nosology.'  ^  Moreover,  it  is  now 
becoming  generally  recognised  that  the  cases  of  feverishness  grouped  together 
under  one  or  other  of  the  above  names  are,  in  reality,  due  to  a  variety  of 
causes.  Even  Murchison,  who  himself  described  a  simple  continued  fever, 
remarks  that  '  many  cases  are  designated  simple  fever,  or  febricula,  which  are 
in  reahty  mild  or  abortive  cases  of  typhus  or  enteric  fever,  or  relapsing  fever 
without  a  relapse,  or  catarrh  with  an  unusual  amount  of  febrile  distm'bance.' 
And  such  is  no  doubt  the  fact,  the  cases  of  so-called  simple  continued  fever 
being  largely  made  up  of  atypical  examples  of  the  particular  fever  prevailing 
at  the  given  time  and  place. 

Some  cases,  too,  are  doubtless  symptomatic  of  gastric  or  intestinal  dis- 
turbance, tubercular  mischief,  and  other  specific  or  non-specific  causes. 

In  the  following  table,  however,  will  be  found  the  number  of  deaths 
recorded  by  the  Eegistrar-General  year  by  year  from  1869  to  1891  as  hav- 
ing, in  England  and  Wales,  been  ascribed  to  '  simple  and  ill-defined  fever.' 
Prior  to  1869  the  Eegistrar-General  did  not  separate  these  deaths  from  those 
due  to  the  other  continued  fevers. 


Table  X. — Showing  the  Deaths  registered  in  England  and  Wales  during  the  Years 
1869-1890  as  due  to  Simple  and  Hi-defined  Fever. 


Year 

Deaths 

Death-rate  per 
million  living 

Year 

Deaths 

Death-rate  per 
million  living 

1869 

5,310 

239 

1881 

1,159 

44 

1870 

5,254 

233 

1882 

1,016 

39 

1871 

4,248 

186 

1883 

963 

36 

1872 

3,352 

145 

1884 

768 

28 

1873 

3,081 

132 

1885 

662 

24 

1874 

3,089 

130 

1886 

605 

22 

1875 

2,599 

108 

1887 

507 

18 

1876 

1,974 

81 

1888 

436 

15 

1877 

1,923 

78 

1889 

413 

15 

1878 

1,776 

71 

1890 

361 

13 

1879 

1,472 

58 

1891 

325 

11 

ISSO 

1,490 

58 

On  reference  to  the  table  it  will  be  seen  that  the  registered  mortality 
from  '  simple  fever '  has  undergone  a  very  marked  diminution  during  the 
period  in  question — a  diminution,  in  fact,  very  similar  to  that  exhibited  by 
the   typhus  mortaUty.     This  is,  no  doubt,  partly  owing  to  improved  and 

*  Fagge,  op.  cit.,  i.  207. 
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more  careful  diagnosis  ;  nevertheless,  it  is  probably  also  in  no  small  degree 
due  to  the  diminished  prevalence  of  certain  other  fevers,  such  as  enteric,  and 
more  especially  typhus  fever — diseases  which,  it  cannot  be  doubted,  were 
responsible  for  a  considerable  share  of  the  deaths  previously  recorded  as  due 
to  simple  fever. 

Murchison  believed  that  the  recorded  '  simple  fever '  deaths  were  '  due, 
for  the  most  part,  to  enteric  fever  with  latent  abdominal  symptoms.'  This, 
however,  would  hardly  seem  to  have  been  the  case. 

Dr.  G.  B.  Longstaff^  has  shown  that  the  seasonal  mortality  curve  of 
simple  continued  fever  is  quite  unhke  that  of  enteric  fever.  The  curve  of  the 
latter  disease  has  a  well-marked  autumnal  maximum,  whereas  in  the  case  of 
the  simple  continued  fever  curve  '  there  is  not  a  trace  of  this.'  On  the  other 
hand,  Dr.  Longstaff  does  find  '  some  sort  of  resemblance '  between  the 
seasonal  curves  of  typhus  and  simple  continued  fever. 

For  the  present  the  matter  of  main  importance,  from  a  public  health 
point  of  view,  is  that  mild  cases  of  fever,  which  do  not  present  any  well- 
defined  symptoms,  should  not  be  hastily  classed  as  '  simple  continued  fever ' 
— a  separate  disease  being  thus  assumed,  which,  perhaps,  has  no  existence. 
Careful  inquiry  will  often  throw  light  upon  the  causation  of  such  attacks. 
If,  for  instance,  one  or  other  of  the  recognised  fevers  be  prevalent  in  the 
neighbourhood  at  the  time,  and  more  especially  if  it  should  be  ascertained 
that  the  '  febricula '  patients  have  been  exposed  to  likelihood  of  infection  by 
such  fever,  there  will  be  grounds  for  thinking  it  probable  that  the  apparently 
simple  feverish  attacks  are  in  reality  but  mild  and  irregular  examples  of 
the  more  serious  malady.  Under  such  circumstances,  the  interests  of  the 
pubhc,  as  well  as  those  of  the  patients  themselves,  obviously  demand  that 
ihe  cases  should  be  regarded  as  of  the  graver  sort,  all  the  precautions 
being  observed  which  would  be  considered  necessary  with  respect  to  the 
particular  fever  prevailing. 


ENTEEIC   FEVER 


Synon. :  Typhoid  Fever;  Pythogenic  Fever ;  Gastric  Fever;  Low  Fever ; 
Infantile  Bemittent  Fever.  Fr.  Fievre  Typho'ide,  Dothienenterie ;  Ger. 
Typhus  Abdominalis  ;  It.  Tifo  Enterico. 

History  and  Geographical  Distribution. — There  are  few  more  interesting 
and  instructive  pages  in  the  history  of  medicme  than  that  which  records  the 
gradual  differentiation  of  enteric  from  typhus  fever — a  differentiation  only 
effected  after  prolonged  and  painstaking  study  of  the  pathology  of  these  two 
diseases.  '  The  doctrine,'  Hirsch  remarks,  '  of  the  so-caUed  "  abdominal 
typhus  "  counts  among  the  acquisitions  which  medicine  owes  chiefly  to  the 
methodical  investigation  of  morbid  anatomy.' 

It  is  often  supposed  that  enteric  fever  is  a  disease  of  modem  tunes. 
History,  however,  does  not  seem  to  support  this  view,  but  rather  goes  to 
show  that  it  is  the  differentiation  of  the  disease  which  alone  is  modern. 

The  late  Dr.  Murchison  was  of  opinion  that  '  some  of  the  descrip- 
tions  of  the    Greek   writers  probably  referred  to    enteric   fever,'    and  he 

'  '  The  Seasonal  Prevalence  of  Continued  Fever  in  London  '  {Epidem.  Soc.  Trans.,  N.S 
fvol.  iv.).     Keprinted  in  Studies  in  Statistics. 
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points  out  that  in  the  course  of  two  successive  autumns  Hippocrates' 
'  met  with  many  cases  of  fever  of  the  continual  type,  characterised  by 
diarrhoea,  offensive  watery  stools,  bilious  vomiting,  tympanitis,  abdominal 
pain,  "red  rashes,"  epistaxis,  sleeplessness,  or  a  tendency  to  coma,  delirium^ 
and  subsultus,  irregular  remissions,  a  lengthened  duration,  and  great  emacia- 
tion.' Whether  or  not  such  early  writings  are  to  be  taken  as  referring  tO' 
enteric  fever,  the  descriptions  of  various  observers  in  the  seventeenth 
century,  notably  Spigelius,  Panarolus  and  Baglivi  for  Italy,  and  Willis  and 
Sydenham  for  England,  seem  to  leave  little  doubt  that  the  disease  was  pre- 
valent in  their  day,  several  of  them  referring  to  intestinal  lesions  and  a 
general  course  of  symptoms  highly  suggestive  of  enteric  fever.  Both  Willis 
and  Sydenham,  according  to  Murchison,  regarded  this  fever  as  differing  from 
febris  pestilens  [typhus].  In  the  eighteenth  century  there  was  an  increasing 
recognition  of  a  form  of  fever  described  variously  as  slow  fever,  nervous  fever,. 
or  low  continued  fever,  which  differed  from  ordinary  typhus  in  the  insidious- 
ness  of  its  course,  the  attendant  diarrhoea,  and  the  tendency  to  prove  sud- 
denly fatal,  and  which  was  accompanied  by  inflammation  or  ulceration  of 
the  bowels.  The  more  important  accounts  of  this  malady  came  from  Hoff- 
mann of  Halle  (1698-1728),  Strother  of  London  (1727-29),  Gilchrist  of 
Dumfries  (1735),  Huxham  (1739),  Sir  Richard  Manningham,  F.E.S.  (1746), 
Eiedel  (1748),  and  Roderer  and  Wagler,  who  described  an  epidemic  of 
morbus  mucosus  at  Gottingen  in  1760. 

That  a  doctrine  of  enteric  fever  as  a  disease  distinct  from  typhus  was  at 
this  time  gaining  ground  seems  evident  from  the  circumstance  recorded  by 
Murchison,  that  '  Dr.  Erasmus  Darwin,  of  Derby,  in  a  letter  addressed  tO' 
Dr.  Lettsom  in  1787  proposes  as  a  question  for  discussion  at  the  Medical 
Society,  "  Whether  the  nervous  fever  of  Huxham  be  the  same  as  the  pete- 
chial or  jail  fever,"  '  and  that  'Dr.  Willan,  in  1799,  observed  that  Cullen  had 
"  improperly  comprised  under  the  term  typhus  the  slow  or  nervous  fever 
described  by  Gilchrist  and  Huxham,  which  may  rather  be  considered  a 
species  of  hectic,  and  is  not  received  by  infection."  ' 

During  the  early  years  of  the  present  century  an  increasing  amount  of 
attention  was  bestowed  upon  the  intestinal  lesions  met  with  in  cases  of  fever. 
These  lesions  were  particularly  studied  in  France  by  Prost,  Pettit,  and 
Serres,  the  latter  observers  stating  that  the  lesions  were  limited  to  the  lower 
part  of  the  ileum ;  Bretonneau,  who  showed  that  the  disease  was  localised 
in  the  solitary  and  agminated  glands  of  the  ileum ;  and  Louis,  who  first  gave 
to  the  disease  the  name  oifidvre  typhoide. 

All  these  French  observers,  however,  appear,  according  to  Murchison,  tO' 
have  regarded  the  disease  they  were  studying  as  really  the  same  disease 
as  the  typhus  of  camps  and  armies.  This  was  doubtless  owing  to 
the  fact  that  during  this  period  enteric  fever  was  common  in  France, 
while  true  typhus  had  almost  entirely  disappeared.  Hence  it  was  not 
unnatural  that,  upon  finding  intestinal  ulceration  very  generally  present 
in  cases  which  were  then  regarded  as  typhus,  the  French  physicians 
should  have  been  inclined  to  regard  such  lesions  as  associated  with  that 
disease. 

During  the  same  period,  i.e.  the  first  half  of  the  present  century,  the 
foundation  for  the  differentiation  of  enteric  fever  was  being  pushed  forward 
in  other  countries.  Hildebrand,  in  1810,  distinguished  between  so-called 
contagious  typhus  and  non-contagious  nervous  fever ;  and  other  German 
physicians  soon  after  followed  on  the  same  lines,  among  them  Schonlein,  who' 
introduced  for  the  latter  disease  the  term  typhus  ahdo^ninalis,  which  is 
still  adhered  to  in  that  country.     In  England,  during  the  first  twenty  years. 
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of  the  century  several  outbreaks  of  enteric  fever  seem  to  have  been  recorded, 
and  to  have  been  recognised  as  differing  from  typhus.  The  more  important 
of  these  were  an  epidemic  at  Deal  in  the  year  1806,  recorded  by  Dr.  Thomas 
Sutton ;  another  at  Paisley  in  1811,  recorded  by  Dr.  Muir  ;  and  one  at  New- 
castle in  1817,  described  by  Mr.  Henry  Edmondstone.  In  1826,  Dr.  Hewitt, 
of  St.  George's  Hospital,  published  some  important  observations  upon  the 
pathology  of  this  disease,  which,  Murchison  says,  met  with  unmerited  neglects 
They  were  '  pubUshed  almost  simultaneously  with  those  of  Bretonneau ;  and, 
like  his,  they  showed  that  the  seat  of  the  lesion  was  in  the  solitary  and 
agminated  glands  of  the  ileum.'  Later  on  the  separate  nature  of  the  two 
diseases  was  more  fully  recognised  and  insisted  upon  by  Drs.  Perry  of 
Glasgow,  Lombard  of  Geneva,  Gerhard  and  Pennock  of  Philadelphia, 
Shattuck  of  Boston,  U.S.A.,  and  especially  by  Dr.  A.  P.  Stewart  of  Glasgow. 
But  it  was  reserved  for  Sir  WilHam  Jenner,  in  1849-51,  to  finally  estabhsh 
the  non-identity  of  enteric  and  typhus  fevers. 

Sir  WilHam  Jenner  indicated  more  fully  and  more  clearly  than  had 
hitherto  been  done  the  differences  between  the  two  diseases  as  regards 
symptoms  and  pathological  lesions,  and  he  also  showed  that  the  two 
diseases  occurred  independently  of  one  another,  were  due  to  separate  causes, 
and  that  the  one  did  not  communicate  or  protect  against  the  other. 

As  regards  geographical  distribution,  Hirsch  describes  enteric  fever  as  an 
ubiquitous  disease,  and  Murchison  was  evidently  of  the  same  opinion.  It  is 
certainly  common  throughout  Europe,  including  Norway  and  Sweden,  the 
Faroe  and  Shetland  Islands,  and  Iceland.  It  is  common  also  in  North 
America,  in  Australia,  and  in  India.  It  occurs  in  China,  in  Japan,  and 
in  various  parts  of  Africa,  notably  Cape  Town.  On  the  whole,  however, 
it  has  seemed  hitherto  to  be  less  common  in  tropical  than  in  temperate 
climates.  Some  allowance,  too,  has  to  be  made  for  the  probability  that  certain 
forms  of  malarial  fever  have  been  frequently  mistaken  for  enteric  fever.  It 
seems  certain,  for  instance,  that  remittent  fever  in  the  tropics  frequently 
simulates  enteric  fever  in  a  remarkable  degree,  though  post-mortem  ex- 
amination shows  the  particular  lesions  of  the  latter  disease  to  be  absent. 
Many  cases  of  the  so-called  typho-malarial  fever  are  no  doubt  of  this  kind,  as 
was  pointed  out  in  a  paper  read  before  the  Epidemiological  Society  of  London 
in  1886  by  Dr.  J.  Edward  Squire. 

Influence  of  Season. — The  influence  of  season,  both  upon  the  mortality 
and  prevalence  of  enteric  fever  in  London,  is  shown  in  the  following  curves, 
which  are  taken  from  the  Registrar-General's  Annual  Summary  for  the  year 
1890. 

Enteric  Fever. — London  Deaths,  twenty-tivo  years,  1869-90. 
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For  London,  therefore,  it  appears  that  both  the  prevalence  and  mortality 
of  this  disease  are  greatest  in  the  autumn,  and  least  in  the  spring  and  early 
summer.  A  very  similar  relation  to  season  obtains,  according  to  Hirsch,  for 
a  number   of  European  towns,  including  Paris  and  Berlin ;   and  also   for 
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Massachusetts  and  Boston.     In  New  York,  the  maximum  prevalence.  Dr. 
Whitelegge  says,  occurs  in  September. 

Mean  Admissions  of  Enteric  Fever  Patients  to  the  Metropolitan  Asylum  and 
London  Fever  Hos^pitals.     (Sixteen  years,  1875-90.) 
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Mortality. — The  deaths  from  enteric  fever  have  only  been  given  separately 
by  the  Eegistrar-General  since  the  year  1869.  In  the  following  table  vdll 
be  found  the  total  enteric  fever  deaths  recorded  each  year  in  England  and 
Wales  from  that  time  to  the  present,  and  the  corresponding  death-rates  per 
million  of  the  population : — 


TABLE  XI. 


Kngland  and  Wales 

England  and  Wales 

Tear 

Total  deaths 

Death-rate 

per  million 

Uving 

Average  annual 

death-rate  per 

million  living  for 

each  quinquennial 

period 

Tear 

Total  deaths 

Death-rate 

per  million 

living 
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million  living  for 

each  quinquennial 

period 

1869 
1870 
1871 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

8,660 
8,731 
8,461 
8,741 
8,793 
8,861 
8,913 
7,550 
6,879 
7,652 
5,860 
6,710 

390 
388 
371 
377 
376 
874 
371 
309 
279 
306 
231 
261 
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1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 

5,529 
6,036 
6,078 
6,380 
4,765 
5,061 
5,155 
4,848 
5,011 
5,146 
4,875 

212 
229 
228 
286 
175 
184 
185 
172 
176 
179 
168 
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(-179 

From  this  table  it  will  be  seen  that,  notwithstanding  the  considerable 
increase  in  population  which  has  taken  place  during  the  period  in  question, 
the  absolute  number  of  deaths  recorded  in  the  country  as  due  to  enteric  fever 
has  latterly  diminished  considerably ;  while  the  mortality,  relatively  to  the 
existing  population,  is  only  about  half  of  that  which  occurred  in  the  earher 
years.  And  that  this  reduction  in  enteric  fever  mortality  has  been  largely 
brought  about  by  sanitary  improvements  there  can  be  no  doubt.  In  the 
Mnth  Keport  of  the  Medical  Officer  to  the  Privy  Council  will  be  found  the 
results  of  Dr.  (now  Sir  George)  Buchanan's  well-known  inquiry  into  the  effect 


NATUBAL  HISTOBY  OF  INFECTIOUS  DISEASES      317 

upon  the  death-rate  of  twenty-five  towns  in  England  and  Wales  of  the  execu- 
tion of  various  sanitary  works,  notably  works  in  connection  with  improved 
drainage  and  water-supphes.  In  twenty-one  of  these  towns  Sir  George 
Buchanan  found  an  average  reduction  of  over  45  per  cent,  in  the  enteric 
fever  mortality  subsequently  to  the  execution  of  the  works  in  question. 
In  three  instances  there  had  been  a  rise  in  the  enteric  mortality,  but  in 
these  cases  it  was  clearly  associated  with  conspicuous  defects  in  the  sewerage 
systems. 

Case  Mortality. — Of  the  5,988  cases  recorded  by  Murchison  as  admitted  to 
the  London  Fever  Hospital  during  the  twenty-three  years,  1848-70, 1,034,  or 
17*3  per  cent.,  died,  'but,  deducting  those  patients  who  were  moribund  on  ad- 
mission,' the  fatality  at  that  hospital  during  the  years  in  question  was  15*8  per 
cent.,  or  about  1  in  6.  Allowing,  however,  for  the  many  shght  cases  which 
occur  outside  hospital  practice,  it  may  no  doubt  be  safely  concluded  that  the 
actual  fatality  is  less  than  that  indicated  above. 

Influence  of  Race. — Eace  _per  se  seems  to  exercise  no  influence  over 
liability  to  attack  by  this  disease.  Negroes,  although  apparently  less  liable 
to  suffer  in  their  native  countries  than  non-acclimatised  persons  hving  there, 
become,  Hirsch  says,  '  subject  to  the  disease  in  America  in  no  less  a  degree ^ 
ccBteris  paribus,  than  the  white  race.' 

Influence  of  Sex. — As  regards  sex,  it  appears  from  the  Eegistrar-General's 
Fifty-first  Annual  Eeport  that,  judging  from  the  enteric  fever  deaths  at  all 
ages,  taken  together,  the  rate  of  mortahty  is  slightly  higher  for  males  than 
for  females.  From  the  third  year  until  the  end  of  the  twentieth,  however, 
the  female  mortahty  is  decidedly  higher  than  the  male.  With  respect  to 
Hability  to  attack  at  all  ages,  taken  together,  there  appears  to  be  little  differ- 
ence between  the  two  sexes,  though  males  are  apparently  rather  more 
susceptible  than  females.  *  Enteric  fever,'  says  Murchison,  '  attacks  one  sex 
as  readily  as  the  other.'  But  according  to  the  Eegistrar-General,  whose 
conclusion  is  based  upon  a  study  of  the  admissions  to  the  London  Fever  and 
Metropohtan  Asylums  Board's  Hospitals,  it  would  seem  that  between  five  and 
twenty  years  of  age  more  males  are  attacked  than  females.  If  this  is  usually 
the  case,  it  follows  that  since  more  females  than  males  die  of  enteric  fever 
during  the  years  in  question,  the  fatality  among  females  must  be  much 
greater  from  the  fifth  to  the  twentieth  year  than  it  is  among  males.  The 
Eegistrar-General's  conclusion,  however,  as  to  the  greater  liability  to  attack 
of  males  than  females  between  the  fifth  and  twentieth  year  is,  as  he  points 
out,  based  only  upon  5,716  cases. 

Influence  of  Age. — Both  liability  to  attack  and  to  death  by  enteric  fever 
are  considerably  modified  by  age.  As  to  the  former,  it  has  been  stated  by 
some  observers  that  susceptibility  is  greatest  in  the  first  years  of  life,  and 
progressively  diminishes  thenceforward.  It  has  to  be  remembered,  how- 
ever, that  many  alleged  cases  of  enteric  fever  among  infants  are  probably,. 
as  the  Eegistrar-General  has  pointed  out  with  regard  to  infantile  enteric 
fever  deaths,  '  not  due  to  that  disease,  but  to  some  undetected  cause, 
manifesting  itself  in  feverish  symptoms.'  Murchison  states  that  the  disease 
is  '  chiefly  met  with  in  youth  and  adolescence,'  and  that  was  certainly  so 
with  regard  to  his  hospital  cases.  Of  the  5,911  cases  he  records,  the  largest 
number,  26*86  per  cent.,  were  between  the  ages  of  fifteen  and  twenty,  and 
66*42  per  cent,  were  between  the  ages  of  ten  and  twenty-five.  After  the- 
age  of  thirty  the  cases  became  fewer  and  fewer. 

The  mortahty  in  this  country,  that  is,  the  deaths  per  million  living  as 
distinguished  from  the  fatality,  is,  according  to  the  Eegistrar-General,  at  its 
minimum  in  the  first  year  of  life  for  both  sexes.     It  rises  to  the  end  of  the 
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fifth  year,  and  then  falls,  '  not  inconsiderably  for  males,  but  quite  insignifi- 
cantly for  females,'  till  the  fifteenth  year,  after  which  it  rises  again,  until  its 
maximum  is  attained  in  the  age  period  20-25.  Thenceforward  it  falls, 
becoming  '  comparatively  low  through  the  remaining  age  periods.' 

As  in  the  case  of  typhus,  so  with  enteric  fever,  the  danger  to  hfe  in  the 
event  of  attack  is  greatest  at  the  higher  ages,  that  is,  from  fifty-five  upwards ; 
but,  as  Murchison  points  out,  there  is  this  important  difference  between  the 
age  fatahty  of  the  two  diseases — that  ia  the  case  of  enteric  fever  it  '  increases 
with  age  to  a  much  less  extent  than  in  typhus,  and  the  small  rate  of 
mortality  (fatality)  observed  ha  early  life  ia  typhus  does  not  occur  in  enteric 
fever.' 

Period  of  Incubation. — The  latent  period  of  enteric  fever  is  liable  to  con- 
siderable variation.  Murchison  and  several  other  authorities  give  it  as  most 
commonly  about  a  fortnight,  considering  at  the  same  time,  however,  that  it 
may  range  from  a  few  days  to  twenty-eight  or  thirty.  In  the  Guildford 
outbreak,  reported  upon  to  the  Privy  Council  by  Sir  George  Buchanan  ia 
1867,  it  was  eleven  days.  In  the  Caterham  outbreak,  reported  upon  by  Dr. 
Thorne  to  the  Local  Government  Board  in  1879,  it  was  fourteen  days. 
A  good  instance  of  a  shorter  period  is  recorded  in  the  report  of  the  late 
Mr.  Netten  Eadcliffe  and  Mr.  W.  H.  Power  upon  the  milk  outbreak  in  the 
West  of  London  in  1873.  The  patient,  a  child  whose  own  family  were  not 
consumers  of  the  infected  milk,  '  spent  an  afternoon  (July  19)  with  a  family 
supplied  from  this  dairy,  and  during  the  visit  drank  nearly  two  pints  of  milk ; 
on  July  24  she  was  attacked  by  enteric  fever.' 

Protection. — The  extent  to  which  enteric  fever  confers  immunity  against 
subsequent  attack  is  still  doubtful.  Murchison  remarks  that '  well-authenti- 
cated instances  of  persons  contracting  enteric  fever  a  second  time  are  more 
common  than  is  generally  beheved,'  and  he  refers  to  his  own  experience,  and 
also  to  '  unequivocal '  examples  of  second  attack  reported  by  Michel,  Bartlett, 
Paul,  and  Dr.  W.  Budd.  On  the  other  hand,  he  points  out  that  on  question- 
ing patients  suffering  from  enteric  fever  '  it  is  rarely  ascertained  that  they 
have  had  a  previous  attack  ;  '  and  he  refers  to  instances  recorded  by  differ- 
ent observers,  of  second  outbreaks  ia  particular  locahties  in  which  those 
attacked  on  the  earher  occasion  escaped  during  the  later  outbreak. 

On  the  whole,  there  would  seem  httle  doubt  that  enteric  fever  does  confer 
immunity,  but  for  what  length  of  time  is  a  matter  well  worthy  of  further 
inquiry. 

Cause  and  Dissemination. — The  bacteriological  evidence  with  respect  to 
the  causation  of  this  disease  will  be  found  in  Dr.  Klein's  article  (page  168). 
It  is  sufficient  here  to  say  that  the  abihty  of  the  enteric  fever  virus  to  multiply 
in  water  and  milk  is  a  strong  indication  that  it  consists  of  a  living  organism. 
Further  epidemiological  facts  support  the  view  that  this  organism  is  decidedly 
'  facultative,'  being  capable  of  thriving  and  multiplyiag,  not  only  in  water  and 
milk,  but  also  in  the  soU. 

Enteric  fever  is  essentially  a  communicable  disease,  though  the  mode  by 
which  it  is  usually  communicated  differs  widely  from  that  of  some  other 
communicable  diseases.  It  is  now  well  established  that  in  epidemics  of 
enteric  fever  the  virus  is  mainly  given  off  from  the  body  of  the  sufferer  in 
association  with  the  bowel  excreta,  and  that  it  finds  its  way  into  the  body  of 
the  recipient  most  readily  by  way  of  the  alimentary  system,  as,  for  instance, 
along  with  water  or  milk.  In  this  sense  enteric  fever  is  classable  with  cholera 
rather  than  with  typhus,  small-pox,  and  other  so-called  infectious  diseases. 
Whether  or  not  enteric  fever  is  at  all  iafectious  in  the  popular  sense,  has 
been,  and  still  remaias,  a  subject  for  discussion.     In  the  early  days  of  the 
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recognition  of  enteric  fever  as  a  separate  disease  many  observers,  especially 
in  France,  held  it  to  be  lughly  infectious.  Looked  at  in  the  hght  of  modern 
experience  of  epidemics,  however,  we  can  perceive  that  the  succession  of  a 
number  of  cases  in  the  same  house  or  locality,  which  to  the  observers  in 
question  seemed  conclusive  evidence  of  infection,  may  well  have  been  often 
instances  of  multiple  exposure  at  different  times  to  one  and  the  same  cause. 
And  nowadays,  when  the  importation  of  a  case  of  enteric  fever  into  a  village 
previously  free  from  the  disease  is  followed  by  a  number  of  other  cases  among 
the  inhabitants  of  the  particular  village,  we  have  first  of  all  to  assure  our- 
selves that  infection  of  the  later  cases  from  the  earher  has  not  been  indirect 
— that  is  to  say,  due  to  contamination  of  water  or  milk  supply  by  the  bowel 
excreta  of  the  first  case,  rather  than  to  direct  infection.  Similarly,  the 
cases  to  which  the  early  advocates  of  the  doctrine  of  infectiousness  attached 
considerable  importance — of  nurses  who  contracted  the  disease  while  nursing 
patients  in  the  patients'  own  homes — we  should  seek  to  explain,  in  the  first 
instance,  by  exposure  of  the  nurses  to  the  same  causes  to  which  their 
patients  owed  their  attacks.  In  this  course  we  should  be  encouraged  by  the 
circumstance  that  the  records  of  both  fever  and  general  hospitals  seem  to 
indicate  that  if  the  patients  are  treated  away  from  the  locality  in  which  they 
contracted  the  disease,  neither  the  nurses,  nor  other  patients  in  the  same 
ward,  but  suffering  from  different  ailments,  contract  the  disease,  except  upon 
very  rare  occasions. 

Thus  Murchison  points  out  that  '  during  twenty-three  years  (1848-1870) 
5,988  cases  of  enteric  fever  were  admitted  into  the  London  Fever  Hospital, 
but  only  seventeen  residents  in  the  hospital  contracted  the  disease,  and  most 
of  them  had  no  personal  communication  with  patients  sick  of  enteric  fever.' 
One  of  these  was  a  laundress,  who  may  have  contracted  the  disease  by 
handling  the  soiled  linen  of  enteric  fever  patients  ;  and '  twelve  of  the  seventeen 
cases  occurred  subsequently  to  1864,  when  various  extensions  of  the  hospital 
buildings  led  to  a  serious  derangement  of  the  drainage.'  Mr.  Shirley  F.  Murphy 
has  since  brought  down  the  experiences  of  this  hospital  to  1878,  with  similar 
results.  But  Murchison  also  gives  the  following  striking  evidence.  '  Since 
1861  it  has  been  the  practice  to  classify  the  patients  in  the  Fever  Hospital 
in  this  way : — The  typhus,  relapsing,  and  scarlatina  patients  have  been  kept 
in  distinct  wards,  whereas  the  patients  suffering  from  enteric  fever  have  been 
treated  in  the  same  wards  with  the  many  patients  sent  to  the  hospital  who 
have  not  been  the  subject  of  any  form  of  contagious  fever.  The  two  classes 
of  patients  have  remained  together,  both  during  the  acute  stage  of  their 
maladies  and  in  convalescence,  in  most  instances  for  several  weeks.  The 
same  night-chairs  have  been  used  for  both  classes,  and  the  employment  of 
disinfectant  has  been  exceptional.  The  result  has  been  this  : — During  nine 
years  3,555  cases  of  enteric  fever  have  been  treated  along  with  5,144  patients 
not  suffering  from  any  specific  fever ;  not  one  of  the  latter  has  contracted 
enteric  fever.'  Dr.  Cayley,  in  editing  the  third  edition  of  Murchison's  great 
work,  remarks  that  '  the  subsequent  experience  [down  to  1882]  of  the  London 
Fever  Hospital  is  in  complete  accordance  with  these  statements  of  Dr. 
Murchison.'  It  becomes  clear,  therefore,  that  if  enteric  fever  is  infectious 
at  all,  its  infectiousness  is,  in  ordinary  circumstances,  an  insignificant  factor 
in  its  dissemination.  In  the  few  recorded  instances  in  which  nurses  in 
hospitals  have  apparently  contracted  the  disease  from  patients — that  is,  the 
few  instances  in  which  no  other  explanation  was  forthcoming — it  is  possible 
that  in  dealing  with  the  patients'  excreta  or  the  patients'  soiled  hnen 
the  specific  poison  has  become  attached  to  the  hands  of  the  nurses  (or 
even  become  lodged  beneath  their  finger-nails),  and  so  has  been  conveyed 
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accidentally,  as  it  were,  to  their  mouths,  and  thence  to  their  alimentary 
apparatus. 

At  the  same  time,  it  would  not  be  safe  to  say  that  the  disease  is  never 
conveyed  by  infection ;  and  some  great  authorities,  even  during  recent  times, 
have  held  the  view  that  such  does  occasionally  happen.  Sir  William  Jenner, 
for  instance,  has  recorded  two  cases  of  enteric  fever  which  occurred  in  medical 
students  who,  before  the  days  of  the  registering  thermometer,  were  engaged 
in  frequently  taking  the  temperature  of  enteric  fever  patients. ^  In  the 
circumstances  of  the  case  these  students  must  have  constantly  had  their 
heads  in  close  proximity  to  the  patients,  and  in  the  absence  of  other  explana- 
tion it  would  seem  likely  that  to  this  fact  their  attacks  were  due.  Even  so, 
however,  it  does  not  follow  that  they  acquired  infection  from  the  breath  or 
skin  exhalations  of  such  patients.  There  would  probably  be  some  slight 
soiling  of  the  patient's  body  or  bedclothes  with  the  specific  bowel  excreta, 
which  when  dry  might  become  detached  and  distributed  for  a  short  distance 
upon  the  displacement  of  the  bedclothes. 

But  although  it  is  doubtless  true  that  in  epidemics  the  majority  of  cases 
of  enteric  fever  are  due  to  specifically  contaminated  water  or  milk — matters 
which  will  be  dealt  with  shortly — we  must  not  overlook  other  possible  modes 
of  the  dissemination  of  this  disease. 

It  has  to  be  remembered  that  wholesale  dissemination  of  enteric  fever  by 
means  of  contaminated  milk  or  water  supply,  in  that  it  gives  rise  to  a  large 
number  of  cases,  tends  perhaps  to  distract  our  attention  from  other,  but  no 
less  real,  distributers  of  the  disease.  There  is  no  doubt,  for  instance,  that 
the  air  of  sewers  and  drains  which  has  become  specifically  contaminated 
may,  if  allowed  to  find  its  way  into  dwellings  through  defective  house  con- 
nections, cause  from  time  to  time  enteric  fever  among  the  inhabitants  of  such 
dwellings.^  And  this  fact  has,  indeed,  in  many  minds,  given  rise  to  the  ex- 
aggerated idea  that  sewers,  as  such,  have  large  concern  in  the  production  of 
enteric  fever.  That  notion  has,  however,  been  discounted  by  Dr.  Buchanan's 
inquiry,  already  referred  to,  and  by  the  continued  fall  in  the  enteric 
fever  death-rate  which  has  since  gone  on  side  by  side  with  the  modern 
extension  of  sewerage  works.  It  is  to  defects  of  the  sewerage  system,  there- 
fore, and  not  to  the  system  itself,  that  mischief  of  this  kind  is  due  when  it 
does  occur.  Nevertheless,  defective  sewers  and  house  drainage  are  still, 
unfortunately,  common  enough,  and  must  always  be  taken  into  consideration 
in  endeavouring  to  trace  the  origin  of  obscure  cases  occm'ring  in  the  same 
locality  at  irregular  intervals  of  time. 

Agaui,  it  is  now  generally  admitted  that  the  enteric  fever  organism  is 
capable  of  thriving  in  the  soil.  It  is  a  common  experience  in  rural  districts, 
and  apart  from  sewerage  systems,  to  observe  the  disease  hang  about  a  parti- 
cular locality.  Once  introduced  into  a  village,  it  will  often  recur  regularly 
as  the  autumn  comes  round,  invading  households  deriving  their  water  supply 
from  different  wells,  households  not  possessing  community  of  insanitary 
conditions  of  a  sort  to  explain  the  fever.  This  seems  consistent  with  a 
specific  organism  capable  of  abiding  in  the  soil,  multiplying  therein  at  its 
own  proper  season,  and  so  contaminating  the  soil  over  considerable  areas. 
In  this  way  many  different  wells  may  become  specifically  polluted,  and 
recurring  outbreaks  m  villages  have  often  been  found  to  cease  upon  the  pro- 
vision of  an  entirely  fresh  water  supply  from  some  distant  locality. 

But  if  the  microbe  is  capable  of  living  in  the  soil,  it  may,  as  suggested  by 

'  Quoted  from  Fagge,  ojj.  cit. 

2  See  Eeports  on  outbreaks  of  enteric  fever  at  Croydon,  Worthing,  and  York,  by  Drs. 
Buchanan,  Thorne,  and  Airy. 
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Lindwurm  {see  page  336,  vol.  i.  of  this  work),  also  find  suitable  conditions  of 
existence  in  the  dirt  of  rooms,  as  between  the  boards  or  stones  of  the  flooring. 
To  this  cause  may  be  due  the  tenacity  with  which  the  disease  is  well  known 
to  cling  to  certain  barracks. 

With  regard  to  alleged  relationship  of  variations  in  the  level  of  the  sub- 
soil water  to  enteric  fever  prevalence,  the  reader  is  referred  to  Dr.  Copeman's 
article  in  the  first  volume  of  this  work. 

There  are  few  facts  more  certainly  established  in  the  etiology  of  disease 
than  the  dissemination  of  enteric  fever  by  specifically  contaminated  drinking- 
water.  Quite  early  in  the  history  of  recognised  enteric  fever  outbreaks  of 
that  disease  were  traced  to  polluted  water  by  Drs.  William  Budd,  Alfred 
Carpenter,  and  others. i  And  during  more  recent  years  a  large  number  of 
further  outbreaks  have  been  proved  to  have  depended  upon  the  same  cause. 
Space  does  not  permit  of  even  a  brief  summary  of  these  outbreaks,  and 
reference  will  therefore  be  made  only  to  certain  selected  reports  which 
illustrate  particular  points  in  the  propagation  of  enteric  fever  by  water. 

In  the  Tenth  Eeport  (1867)  of  the  Medical  Officer  to  the  Privy  Council  will 
be  found  some  interesting  reports  of  the  kind.  Thus,  Sir  George  Buchanan 
describes  there  a  severe  outbreak  of  enteric  fever  at  Guildford  which  was 
limited  to  the  portion  of  the  town  over  which  a  particular  section  of  the 
public  water-supply  was  distributed.  Inquiry  showed  that  about  ten  days 
before  the  outbreak  occurred  the  portion  of  the  town  in  question  had  been 
exceptionally  supplied  with  water  from  a  new  well  in  the  chalk,  close  to 
which  well  a  leaking  sewer  was  found  to  exist.  In  1873  further  progress 
was  made  in  our  knowledge  of  the  circumstances  under  which  enteric  fever 
may  be  spread  by  water.  Early  in  that  year  Dr.  Blaxall  was  instructed  by 
the  Local  Government  Board  to  inquire  into  an  outbreak  at  Sherborne,  in 
Dorsetshire.^  He  found  that  the  disease  had  been  more  or  less  present  in 
the  neighbourhood  for  some  seven  years  previously,  but  that  a  notable 
increase  had  occurred  in  the  number  of  new  cases  during  the  months  of 
January  and  February,  1873  ;  and,  further,  that  during  '  the  first  week  in 
March  there  was  a  sudden  and  very  great  increase,  and  during  the  remainder 
of  the  month  a  gradual  diminution.'  Various  possible  causes  for  this 
increase  having  been  inquired  into  and  put  aside,  the  process  of  exclusion 
led  to  the  public  water-supply  as  the  probable  source  of  the  mischief.  In 
connection  with  this  water-supply  it  was  ascertained  that  certain  manipula- 
tions of  the  service  had  closely  coincided  with  the  variations  in  enteric  fever 
prevalence.  Thus,  during  the  months  of  December  1872  and  January  1873, 
the  water  '  was  frequently  shut  off  from  the  town  at  a  point  near  the  reser- 
voir, and  the  same  thing  was  done  every  night  in  February.'  During  the 
month  of  March  this  system  of  shutting  off  the  water  at  night  was  discon- 
tinued. Thus  the  notable  increase  in  the  cases  of  fever  in  January  and  Feb- 
ruary coincided  (allowing  for  the  period  of  incubation)  with  the  frequent 
intermissions  in  the  water-service  ;  the  sudden  and  great  increase  in  the  cases 
in  early  March  followed  closely  on  the  regular  nightly  intermissions  of  the 
water-supply ;  and  lastly,  the  diminution  in  the  number  of  attacks  of  fever 
was  coincident  with  the  discontinuance  of  the  system  of  intermitting  the 
water.  Now,  in  Sherborne  at  that  time  this  water  was  in  some  cases  laid  on 
direct  to  the  closet  pans  by  pipes  supplied  with  taps.  Some  of  these  taps 
were  broken.     The  effect,  therefore,  of  turning  off  the  water  at  the  mains 

'  Parkes  mentions  the  '  Schleimfieber  '  of  Gottingen,  in  1760,  as  having  been  attributed 
in  part  to  impure  water  (Parkes's  Practical  Hygiene,  p.  66). 

■^  Reports  of  the  Medical  Officer  to  the  Privy  Council  and  Local  Government  Board, 
N.S.,  No.  II.     1874. 
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Fig.  1. 


would  naturally  be  to  establish  a  direct  air  eommuiiication  between  the 
water-mains  (through  the  closet  supply-pipes)  and  certain  of  the  closet  pans — 
in  other  words,  as  Dr.  Blaxall  remarks,  '  the  system  of  pipes  for  the  water- 
supply  became  the  means  of  ventilating  the  closet  pans  ;  if  the  trap  happened 
to  be  broken  or  out  of  order,  it  became  a  means  of  ventilating  the  sewers  ; 
and  if  a  pan  happened  to  be  full  of  excrement,  that  excrement  would  be 
sucked  into  the  water-pipe.' 

During  the  following  year  Sir  George  Buchanan  ^  traced  an  outbreak  of 
enteric  fever  at  Caius  College,  Cambridge,  to  a  broadly  similar  cause.     The 

outbreak  in  question  was  mainly  limited 
to  a  particular  section  of  the  college 
known  as  Tree  Court.  Tree  Court  derived 
its  water-supply  from  the  general  5 -inch 
main  of  the  Cambridge  Water  Company, 
which  supplied  the  College,  but  by  a  special 
pipe  from  this  main  '  for  Tree  Court,  and 
for  no  part  but  Tree  Court.'  Now  it  turned 
out  that,  unlike  those  in  the  rest  of  the 
College,  the  water-closets  at  Tree  Court 
were  supplied  with  water  direct  from  the 
constant  water-service,  i.e.  without  the  inter- 
vention of  any  disconnecting  cisterns.  And 
in  addition  to  this,  a  small  '  weeping-pipe  ' 
was  given  off  from  the  closet  supply-pipe  to  feed  a  miniature  trapping-bend  in 
the  safe  waste,  which  was  taken  direct  into  the  closet  trap.  This  arrange- 
ment is  shown  in  fig.  1,  taken  from  Sir  George  Buchanan's  report.  It  is 
evident,  then,  that  in  the  event  of  the  water  being  intermitted,  and  the 
valve  on  the  closet  supply-pipe  left  open,  there  were  here  ample  oppor- 
tunities for  admission  to  the  water-pipes  of  foul  air  from  the  closet,  or  even 
hquid  filth  from  the  closet  trap.  It  was  further  ascertained  that  about  a  fort- 
night before  the  enteric  fever  occurred  in  Tree  Court  the  water-supply  of  this 
particular  part  of  the  College  had,  as  a  matter  of  fact,  been  temporarily  cut 
off.  It  was  also  found  on  examination  that  the  end  of  the  weeping-pipe  '  was 
crusted  with  a  brownish  matter,'  and  that  internally  it,  and  the  supply-pipe 
between  where  the  weeping-pipe  came  off  and  the  valve,  had  also  some  Httle 
deposit.  These  deposits  were  submitted  for  analysis  to  Dr.  Dupre,  who  came 
to  the  conclusion  that  '  water  impregnated  with  faecal  matter  must  have 
entered  the  pipes.' 

But  a  further  link  in  the  chain  of  evidence  as  to  the  origin  of  specific 
contamination  of  the  water-supply  of  Tree  Court  was  forthcoming.  It  turned 
out  that  between  '  the  unventilated  sewer  in  Trinity  Street '  and  the  point 
marked  a  in  the  diagram  there  was  '  not  a  single  opening  nor  a  single  trap  ; 
nothing  either  to  get  rid  of,  or  to  attempt  to  keep  back,  the  foul  air '  [from 
the  sewer].  It  is  clear,  therefore,  that  the  water  in  both  the  large  and  small 
trapping-bends  must  more  or  less  constantly  have  been  charged  "^dth  sewer 
air  ;  and  in  the  case  of  the  smaller  one  '  a  very  small  excess  of  atmospheric 
pressure  in  the  down  soil-pipe  over  the  interior  of  the  house  would  cause 
sewer  air  to  bubble  through  the  httle  bend  ;  or  some  aspirating  or  syphon 
action  .  .  .  would  empty  this  bend  of  its  water.'  Lastly,  it  was  shown  that 
shortly  prior  to  the  time  of  the  outbreak  in  Caius  College  cases  of  enteric 
fever  had  occurred  in  houses  draining  into  the  Trinity  Street  sewer  above 
the  point  at  which  it  received  the  drainage  of  Tree  Com-t,  so  that  at  the 

'  Report  of  the  Medical  Officer  to  the  Privy  Council  and  Local  Government  Board, 
N.S.,  No.  II.,  1874. 
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particular  time  in  question  the  sewer  air  in  the  Tree  Court  soil-pipes  must 
doubtless  have  been  charged  with  the  specific  poison  of  enteric  fever. 

Clearly,  therefore,  there  can  be  little  doubt  that  when  the  water-supply  of 
Tree  Court  was  temporarily  cut  off  (some  one  or  more  of  the  valves  on  the 
closet  supply-pipes  having  probably  been  left  open),  specifically-tainted  sewer 
air,  and  even  similarly  tainted  water  and  filth  from  the  trapping-bends  had 
been  sucked  up  into  the  Tree  Court  main  pipe,  and  subsequently  distri- 
buted with  the  water  throughout  the  Court — '  for  fever  attacked  every  stair- 
case of  the  Court.' 

The  reports  above  quoted  indicate  very  clearly  some  of  the  dangers  of 
intermitting  a  water-supply.  Before  proceeding  to  consider  certain  other 
reports  which  in  chronological  order  should  follow,  reference  must  be  made 
to  the  admirable  report  by  the  late  Mr.  John  Spear  on  an  outbreak  of 
enteric  fever  in  the  Mountain  Ash  U.  S.  D.'  This  outbreak  was  mainly 
limited  to  the  area  of  distribution  of  a  certain  section  of  the  public '  constant ' 
water-supply.  Careful  inquiry  enabled  Mr.  Spear  to  locahse  the  probable 
spot  at  which  contamination  of  the  supply  had  taken  place,  and  examination 
of  the  pipes  at  that  spot  showed  that  '  the  main  was  carried,  without  any 
special  precaution,  immediately  above,  alongside,  and  even  through  old 
rubble  drains,  and  when,  in  the  course  of  the  trenching,  pipe-drains  were  cut 
through,  no  trouble  appears  to  have  been  taken  to  replace  them.'  The  main, 
which  was  leaky,  was  thus,  '  at  different  points,  from  time  to  time  bathed  in 
refuse  matters,  and  habitually,  at  certain  points,  in  sewage-contaminated 
air.'  Intermissions  of  the  water-supply  had  taken  place,  and  it  is  evident  that, 
under  the  circumstances  indicated,  the  pipes  would  '  take  up  foul  air  and 
Hquid  from  these  culverts  and  from  the  soil  around.'  But  it  is  important  to 
remember,  as  Mr.  Spear  points  out,  that  such  intermissions  are  '  not  by  any 
means  essential  to  the  introduction  of  foreign  matters  into  water-pipes. 
Under  various  physical  conditions,  very  powerful  insuction  of  external 
matters  into  a  full-flowing  water-pipe  can  take  place.' 

Certain  reports  may  now  be  quoted  which  illustrate  the  important  fact 
that  a  degree  of  specific  contamination  of  a  water-supply  so  slight  as  to 
escape  detection  by  the  ordinary  methods  of  chemical  analysis  may  give  rise 
to  widespread  outbreaks  of  enteric  fever.  The  most  important  of  these  is 
the  report  of  Dr.  Thome  Thorne  on  an  epidemic  at  Caterham.  This  report 
and  its  teachings  have  since  been  briefly  summarised  by  Dr.  Thorne  himself 
as  follows  : — '  In  that  case  352  cases  of  enteric  fever  took  place  at  Caterham, 
Eedhill,  and  certain  intervening  places,  some  200  of  the  earlier  cases  being 
traced  directly  to  the  use,  during  a  particular  fortnight,  of  water  derived  from 
a  deep  well  in  which  a  man  suffering  from  that  disease  had  been  employed, 
under  circumstances  which  left  no  possible  doubt  that  his  excreta  had  got 
access  to  the  well  water.  In  this  case  it  was  estimated  that,  after  all  possi- 
bility of  further  pollution  had  come  to  an  end,  no  less  than  1,861,000  gallons 
of  water  had  been  pumped  from  the  well  during  the  fortnight  in  question  ; 
and  Dr.  Buchanan,  in  dealing,  in  his  Annual  Eeport  for  1881,  with  the 
question  of  the  amount  of  specific  pollution  which  might  suffice  to  render  a 
potable  water  dangerous,  showed  that  in  this  case  the  water  could  have 
contained  no  such  amount  as  one  grain  of  excremental  matter  per  gallon, 
and  he  brought  forward  considerations  tending  to  prove  that  an  amount  of 
specifically  polluting  matter  so  infinitesimal  in  quantity  as  to  be  altogether 
beyond  detection  by  chemical  analysis  was  fully  potent  for  mischief.'  In 
fact,  as  Dr.  Buchanan  tersely  remarks,  '  the  chemist  can,  in  brief,  tell  us  of 
impurity  and  hazard,  but  not  of  purity  and  safety.'    Other  inquiries  which 

'  Report  of  the  Medical  Officer  to  the  Local  Government  Board  for  the  Year  1887. 
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have  resulted  in  supporting  this  conclusion  have  since  been  made.  Among 
them  may  be  mentioned  a  most  interesting  inquiry  into  an  enteric  fever 
epidemic  at  Houghton-le- Spring,  which  was  reported  upon  by  Dr.  Page.^ 
In  this  case  the  causal  relation  of  the  public  water-supply  to  the  outbreak 
was  clearly  shown,  and  the  strongest  evidence  was  forthcoming  that  the 
water  in  question  was  being  polluted  by  filth  which  had  travelled  three- 
quarters  of  a  mile  through  a  fissure  in  the  magnesian  limestone.  A 
sample  of  this  water  was  at  the  time  pronounced  by  an  analyst  to  be  '  a  good 
water  for  drinking.'  Comparatively  recently,  an  outbreak  of  enteric  fever  in 
the  Tees  Valley  has  been  clearly  shown  by  Dr.  Barry  to  have  been  distri- 
buted along  with  public  water-supply  pronounced  by  an  expert  analyst  to  be 
free  from  contamination.  Clearly,  then,  although  the  analyst's  evidence  of 
pollution  must  always  be  gratefully  received,  his  assurances  of  the  purity 
of  a  suspected  water  must  not  be  allowed  to  override  other  considerations 
tending  to  incriminate  the  water  in  question. 

It  has  also  to  be  remembered  that  enteric  fever  may  be  due  to  the  use  of 
contaminated  water  in  the  preparation  of  various  '  drinks,'  ices,  &c.  Thus, 
in  1882  Mr.  G.  H.  Fosbroke  traced  an  extensive  outbreak  of  enteric  fever 
to  the  consumption  of  lemonade,  ices,  and  spirits  which  had  been  prepared 
or  diluted  with  water  from  a  sewage-polluted  well.^ 

The  probabihty  of  enteric  fever  being  disseminated  by  the  agency  of 
milk  was  first  pointed  out  by  Dr.  Michael  Taylor  in  1858.^  In  1870  Dr. 
Ballard  demonstrated  the  association  of  an  extensive  outbreak  of  enteric  fever 
at  Islington  with  the  consumption  of  milk  from  a  particular  dairy,  at  which 
it  was  ascertained  that  a  contaminated  water  was  used  for  cleansing  the  dairy 
utensils.  Three  years  later  a  widespread  epidemic  in  Marylebone  and  other 
parts  of  the  West-end  of  London  was  found  by  Mr.  Netten  Eadcliffe  and 
Mr.  Power  to  be  similarly  distributed  with  a  certain  milk  service  ;  and  here 
there  was  not  only  strong  presumption  that  a  contaminated  water  was  used 
for  dairy  purposes,  but  that  such  water  was  actually  contaminated  by  the 
excreta  from  a  person  suffering  from  enteric  fever.^ 

Other  outbreaks  have  since  been  traced  to  infected  milk-supplies.  In 
some  of  such  instances  the  source  of  infection  has  been  found  in  the  use  of 
contaminated  water  for  the  purpose  of  diluting  the  milk  or  cleansing  the 
utensils,  or  in  the  presence  of  a  person  suffering  from  the  disease  at  the 
particular  dairy.  But  in  an  outbreak  of  enteric  fever  at  Eagley  and  Bolton, 
traced,  in  1876,  beyond  doubt  to  a  particular  milk  service  by  Mr.  W.  H. 
Power,  with  the  assistance  of  Mr.  Eobinson  and  Mr.  Sergeant,  the  medical 
officers  of  health  to  the  districts  concerned,  the  question  was  raised  as  to  the 
possibility  of  the  milk  obtaining  infective  quality  from  an  ailment  of  the 
cow,  as  in  the  case  of  scarlet  fever  and  diphtheria. 

Since  that  date  at  least  one  outbreak  has  occurred  in  this  country  where, 
after  minute  inquiry,  contamination  of  the  implicated  milk  after  it  had  left 
the  cow  appeared  highly  unhkely,  and  Dr.  J.  F.  Allen,  the  Medical  Officer  of 
Health  to  Pietermaritzburg,  has  expressed  his  conviction,  based  upon  his 
experience  in  Africa,  that  the  disease  may  be  caused  in  man  by  the  milk  of 
cows  suffering  from  a  similar  malady. 

>  AnniMl  Report  of  the  Medical  Officer  to  the  Local  Government  Board  for  the  Year 
1889. 

2  See  also  a  recent  Beport  to  the  London  County  Council,  by  Dr.  Geprge  Turner,  op 
•An  Outbreak  of  Enteric  Fever  in  the  South-East  of  London.' 

*  Edinburgh  Medical  Journal,  May  1858. 

■•  Beport  of  the  Medical  Officer  to  the  Privy  Council  and  Local  Oovemment  Board, 
1874. 
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Relation  to  Malaria. — The  question  whetlier  or  not  enteric  fever  and 
malaria  stand  in  any  special  relationship  to  one  another  has  been  extensively 
discussed.  Boudin  and  others  have  maintained  that  a  mutual  antagonism 
exists  between  them,  and  that  where  malaria  is  common,  there  enteric  fever 
is  rare,  or  absent.  This  would  seem  to  have  been  so  in  some  localities  ;  but 
it  does  not  by  any  means  universally  hold  good,  and  the  more  probable  expla- 
nation of  the  phenomena  as  observed  would  seem  to  be  that  the  rise  of  civili- 
sation, by  leading  to  the  cultivation  of  the  land  and  crude  attempts  at 
drainage,  has  tended  to  banish  malaria,  giving  rise  at  the  same  time  to  the 
aggregation  together  of  the  people  with — under  the  circumstances  of  the  then 
defective  sanitary  arrangements — all  its  attendant  pollution  of  air,  water,  and 
soil.  To  this,  no  doubt,  was  the  increase  of  enteric  fever  due,  and  not  to  the 
disappearance  of  malaria.  The  question,  moreover,  is  complicated  by  difficulty 
of  diagnosis,  and  it  is  impossible  to  say  to  what  extent  the  alleged  disappear- 
ance of  the  one  disease  and  appearance  of  the  other  may  not  in  certain 
locahties  have  been  overstated.  In  some  eases,  during  the  earlier  period 
of  observation,  enteric  fever  may,  though  present,  have  been  mistaken  for 
malaria;  while,  on  the  other  hand,  some  of  the  later  cases  of  supposed 
enteric  fever  may  have  been  but  an  altered  type  of  malaria. 

De  novo  Origin  of  Enteric  Fever. — In  the  foregoing  pages  it  has  been 
assumed  that  every  case  of  enteric  fever  is  derived  from  an  antecedent  case, 
human  or  animal,  of  like  kind.  The  question  as  to  the  possibility  of  a  de 
novo  origin  of  enteric  fever  has,  however,  been  keenly  contested,  and  in  a 
certain  sense  it  must  be  regarded  as  still  an  open  one. 

The  impartial  inquirer  can  hardly  fail  to  be  struck  by  the  weight  of 
authority  which  has  ranged  itself  on  the  side  of  the  view  that  this  disease 
may,  and  from  time  to  time  does,  arise  independently  of  an  antecedent  case. 
On  the  other  hand,  however,  it  has  been  maintained  that  the  dependence  of 
enteric  fever  on  a  specific  poison  implies  that  every  case  of  that  disease  must 
be  connected  with  an  antecedent  case  of  the  same  disease  ;  that  this  must 
be  as  true  of  enteric  fever  as  of  small-pox  ;  and  that  on  this  circumstance, 
in  fact,  depends  its  specificity.  But  this  argument  rests  upon  the  assumption 
that  there  can  be  no  degrees  in  specificity,  no  progressive  development  of 
specific  quality,  and  this  seems  to  He  at  the  root  of  the  whole  matter.  It 
would  be  impossible,  for  instance,  at  present  to  allege  that  enteric  fever 
never  grows,  as  it  were,  out  of  simpler  forms  of  diarrhoea. 

The  question  must,  indeed,  be  patiently  worked  out  by  the  light  of 
observation,  neither  the  one  theory  nor  the  other  being  allowed  to  divert 
the  attention  of  the  inquirer  from  a  faithful  record  of  the  actual  facts. 
Every  effort  must,  in  all  instances,  be  made  to  trace  a  causal  connection 
between  isolated  cases  of  enteric  fever  and  previous  cases  of  that  disease  ; 
while,  on  the  other  hand,  failure  after  sincere  endeavour  to  trace  such  a 
connection  must  be  carefully  noted,  along  with  any  observations  suggesting 
other  possible  origin  of  the  malady. 
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CHOLEEA 

Synon. :  Asiatic  Cholera  ;  Indian  Cholera ;  Spasmodic  Cholera  ;  Malignant 
Cholera.  Fr.  Cholera  Asiatique  ;  Ger.  Asiatische  Cholera  ;  It.  Colera 
Asiatico. 

The  connected  history  of  epidemic  cholera  dates  back  only  to  the  early 
years  of  the  present  century.  Nevertheless  it  would  appear,  as  Dr.  J.  M. 
Cunningham  remarks,  that  cholera  is  'no  new  enemy  of  mankind,'  but 
has  been  known  in  India  '  from  the  earliest  times  of  which  there  is  any 
record.' 

Mr.  Macnamara  quotes  a  passage  which  is  highly  suggestive  of  cholera 
from  the  Sanscrit  writer,  Susruta,  who  lived  before  the  Christian  era,  and  he 
also  considers  that  '  Hippocrates,  Galen,  and  Whang-shooho  are  witnesses  to 
the  existence  of  cholera  in  their  day,  both  in  Europe  and  China  ;  and  their 
evidence  is  supported  by  a  series  of  Grecian,  Koman,  and  Arabian  authors, 
bearing  record  to  the  fact  of  the  presence  of  the  disease  in  the  various  coun- 
tries in  which  they  lived. '^ 

The  first  notice  of  cholera  in  India  by  a  European  writer  appears  to  be 
that  of  Gaspar  Correa,  a  Portuguese,  and  refers  to  an  extensive  and  fatal 
outbreak  in  the  army  of  the  sovereign  of  Calicut  in  the  year  1503.  Later 
in  the  sixteenth  century  outbreaks  are  mentioned  by  Portuguese  and  Dutch 
writers  as  having  occurred  at  Goa.  In  the  seventeenth  century  there  is 
evidence  of  the  presence  of  cholera  at  Batavia,  Goa,  and  '  in  London  during 
the  autumn  of  1676,  when  Sydenham  states  that  the  cholera  morbus  was 
raging.'  ^  Caution  must,  however,  be  observed  in  concluding  that  the  early 
accounts  of  cholera  on  extra-Indian  soil  refer  to  true  malignant  Asiatic 
cholera. 

Towards  the  close  of  the  eighteenth  century  there  were  records,  by  Dr. 
Paisley  and  others,  of  epidemics  of  cholera  in  different  parts  of  India.  A 
hmited  number  of  cases  also  occurred  in  1808-9,  and  scattered  outbreaks 
from  1811  to  1814. 

But  the  more  important  history  of  cholera  dates  from  the  year  1817.  At 
that  time  commenced  what  proved  to  be  the  first  recorded  pandemic  diffusion 
of  the  disease.  Beginning  in  1817  with  a  widespread  prevalence  in  Bengal, 
cholera  during  the  two  following  years  extended  throughout  India  and  com- 
menced to  spread  abroad.  Travelling  first  (1819-20)  in  a  southerly  and 
easterly  direction  to  Ceylon,  Mauritius,  Burma,  Chma,  Siam,  Penang, 
Singapore,  Sumatra,  Borneo,  and  Java,  it  somewhat  later  spread  in  a  north- 
westerly direction,  through  Arabia  and  Persia,  and  up  the  Caspian  to 
Astrakhan  (1823).     It  died  out,  however,  as  the  cold  weather  came  on. 

In  1826  began  a  second  and  far  more  extensive  pandemic.  Starting  from 
Bengal,  the  disease  again  spread  (1829-30)  to  Eussia  by  two  routes,  the  one 
vid  Cabul,  Balkh,  Bokhara,  and  Khiva  (caravan  routes)  to  Orenburg ;  the 
other  by  Teheran  and  the  shores  of  the  Caspian  Sea  to  Astrakhan,  and 
thence  up  the  Volga  to  Saratov  and  Kazan.  In  the  meantime  cholera  was 
also  spreading  through  Arabia,  whence  it  advanced  to  Suez,  Cairo,  and  up 
and  down  the  Nile  to  Thebes  and  Alexandria  respectively.  From  Eussia  it 
gradually  extended  over  Europe  and  the  greater  part  of  America.  It  reached 
England  in  July  1831,  having  apparently  been  brought  to  the  Medway  by 

'  A  Treatise  on  Asiatic  Cholera,  by  C.  Macnamara,  p.  3. 
^  Macnamara,  op  cit.,  p.  6. 
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ships  from  Eiga.  In  October  of  the  same  year  it  broke  out  at  Sunderland, 
as  a  result,  it  was  believed,  of  importation  by  ships  from  Hamburg.  It 
appeared  at  Newcastle  and  Gateshead  in  November,  and  at  Haddington,  in 
Scotland,  in  December. 

In  the  following  year,  1832,  the  disease  was  more  extensively  prevalent 
in  Great  Britain,  many  large  towns  in  England,  Ireland,  and  Scotland 
being  invaded.  To  Canada  the  disease  was  apparently  carried  by  Irish 
emigrants  in  June  1832,  and  rapidly  spread  throughout  that  country  and 
also  the  United  States.  This  pandemic  did  not  entirely  cease  till  the  winter 
of  1837-38.  It  then  died  out  '  at  every  point  in  the  immense  territory  it  had 
overrun  in  the  period  from  1826  to  1837.  For  the  next  ten  years  the  soil  of 
Europe,  Africa,  and  America  was  completely  free  from  it'    (Hirsch). 

The  third  great  pandemic  dates  from  the  year  1846.  Cholera,  which 
assumed  a  wide  epidemicity  in  India  during  the  years  1840-41,  extending 
also  to  Further  India,  the  Philippines  and  China,  appeared  at  Cabul  in 
1842.  Thence,  contrary  to  its  custom,  it  extended  from  west  to  east 
through  Peshawur,  Lahore,  and  the  North- West  Provinces.  In  1844  it 
reappeared  at  Cabul,  spreading  to  Herat,  Samarcand,  and  Bokhara  in  the 
same  year.  In  1846  it  extended  westwards  to  Asterabad  and  Teheran, 
and  southwards  to  the  shores  of  the  Persian  Gulf,  whence  it  took  a 
north-westerly  direction  along  the  valley  of  the  Tigris,  via  Bagdad,  to  Diar- 
bekir.  In  the  same  year  the  whole  of  the  Arabian  peninsula  also  became 
invaded,  either  from  the  Persian  Gulf;  or  perhaps  independently  from  Bombay 
via  Aden.  By  1847  cholera  had  spread  from  Persia  to  the  shores  of  the 
Caspian  Seai,  whence  it  extended  in  a  westerly  direction  along  the  coast  of 
the  Black  Sea  to  Constantinople,  and  in  a  northerly  direction  to  Astrakhan. 
At  Orenburg,  in  the  basin  of  the  Ural,  'it  joined  hands  with  another 
invasion  coming  from  Bokhara '  (Hirsch).  It  now  spread  rapidly  through 
European  Eussia,  travelling  up  the  Volga  to  Moscow  and  the  shores  of  the 
Baltic.  It  also  advanced  from  the  Sea  of  Azov  northwards  up  the  river  Don, 
and  in  a  westerly  direction  to  Odessa.  During  the  winter  the  disease  abated, 
but  it  reappeared  over  the  whole  of  Eussia  and  Poland  in  the  spring  of  1848. 
By  the  end  of  this  year  it  had  died  out  m  Eussia,  but  in  the  meantime  it  had 
invaded  Germany,  the  Netherlands,  Belgium,  Great  Britain,  and  America. 
As  regards  Great  Britain,  the  first  case  heard  of  occurred  in  the  person  of  a 
seaman  named  Harnold,  who  arrived  in  London  on  September  18  or  19  in  a 
steamer  from  Hamburg,  where  cholera  was  prevalent  prior  to  the  departure 
of  the  vessel.  This  man  died  at  Horselydown  on  September  22.  The  next 
case  heard  of  was  a  man  who  slept  in  the  same  room  with  Harnold.  During 
the  first  week  in  October  some  twenty-six  cases,  mostly  fatal,  occurred  in 
London.  Of  these,  eighteen  were  either  on  or  close  to  the  river  Thames. 
About  the  same  time  (October  4,  1848)  cholera  appeared  in  Edinburgh. 
There  the  first  cases  were  among  some  pilots  who  had  been  engaged  in 
bringing  in  to  Leith  a  ship  from  Cronstadt,  where  the  disease  was  known  to 
have  been  present  in  the  summer.  Also,  in  October  cholera  appeared  in  Hull 
and  Sunderland,  and  again  its  appearance  had  been  immediately  preceded  by 
the  arrival  of  ships  from  Hamburg.  The  first  known  case  in  Ireland 
(December  2)  was  that  of  a  man  who  had  recently  arrived  in  Belfast  from 
Edinburgh,  which  city,  as  has  been  seen,  was  already  invaded.  To  America 
the  disease  clearly  seems  to  have  been  carried  by  German  emigrants,  who 
arrived  almost  simultaneously  m  two  cholera-stricken  ships,  the  '  New  York ' 
and  the  '  Swanton,'  at  Staten  Island  and  New  Orleans  respectively. 

During  the  winter  of  1848-49  cholera  apparently  abated  somewhat,  but 
in  the  spring  of  1849  it  broke  out  again  with  increased  vigour  throughout  the 
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greater  part  of  Europe  and  America.  In  England  the  disease  raged  from 
April  to  December,  119  places  being  invaded.  The  mortality  was  greatest 
at  Hull,  where  it  reached  the  rate  of  241  per  10,000  of  the  population. 
During  this  year  France  also  was  severely  attacked.  The  disease 
appeared  in  Paris  in  March,  and  by  the  end  of  June  15,000  deaths  had 
occurred.  In  1850  Europe  generally  suffered  little  from  cholera.  The 
disease  was,  however,  epidemic  in  Sweden,  and  also  on  the  African  sea- 
board of  the  Mediterranean,  Egypt  and  Malta  being  heavily  invaded. 
It  was  also  widely  diffused  over  America.  During  the  next  two  years 
there  was  a  marked  remission  in  cholera  prevalence  in  Europe,  though 
scattered  epidemics  occurred  from  time  to  time,  especially  among  the 
German  Baltic  ports.  England  remained  entirely  free  during  this  period. 
But  the  following  year  (1853)  saw  an  extensive  resuscitation  of  the  disease 
in  Europe,  and  it  became  again  widely  diffused  over  a  great  part  of  the 
Continent.  In  the  summer  of  this  year  it  appeared  in  London,  apparently 
as  a  result  of  importation  from  Germany,  and  later  in  the  year  it  broke  out 
at  Newcastle,  Shields,  and  Liverpool,  also,  it  would  seem,  through  importation 
from  German  ports.  Later  in  the  year  it  was  epidemic  in  Manchester, 
Edinburgh,  Glasgow,  and  Dundee.  In  1854  it  was  very  severely  epidemic  in 
Great  Britain,  and  extensively  prevalent  over  Europe  generally,  and  America 
— in  the  latter  case  in  consequence  partly  of  fresh  importations  from 
Europe.  For  the  following  six  years  (1855-60)  cholera  continued  from 
time  to  time  more  or  less  prevalent  in  Europe.  Localised  outbreaks 
occurred  in  England  in  1855  and  1857.  In  1869  cholera  was  imported  into 
London,  Hull,  and  Shields  from  Hamburg,  but  failed  to  spread.  By  the  end 
of  the  year  1860,  however,  cholera  had  apparently  died  out  in  Europe. 
*  Eegarded  as  a  whole,'  says  Hirsch,  *  this  pandemic  shows  numerous  fluctua- 
tions of  intensity,  the  maxima  falling  in  the  years  1849-50  and  1853-55.  In 
none  of  the  intervening  years  was  the  disease  altogether  extinguished  on 
extra-Indian  soil,  and  there  is  no  reason  for  attributing  the  fresh  outbreak 
of  1853  in  Europe,  Africa,  and  America,  to  a  new  importation  of  the  morbid 
poison  from  its  native  habitat.  All  the  facts  tell  rather  in  favour  of  a  con- 
tinuous reproduction  of  the  poison  in  extra-Indian  countries,  and  that  power 
of  reproduction  was  exhausted  only  after  the  lapse  of  more  than  ten  years.' 

The  fourth  great  pandemic  began  in  the  year  1863.  As  regards  its 
invasion  of  Europe,  this  pandemic  differed  conspicuously  from  those  already 
described,  and  '  is  remarkable  as  marking  a  new  epoch  in  the  history  of 
■cholera,  viz.  its  introduction  by  way  of  the  Eed  Sea,  wholly  or  in  great  part.'' 

Starting  from  the  basin  of  the  Ganges,  the  disease,  during  the  years 
1863-65,  became  widely  epidemic  in  Bengal,  the  North- West  Provinces, 
Bombay,  the  southern  parts  of  the  Deccan,  and  Ceylon.  It  was  also  prevalent 
in  China  and  Japan.  In  1865  it  was  carried  by  ships  to  South  Arabia 
(Hadramaut).  It  next  broke  out  among  the  pilgrims  assembled  at  Mecca 
(May  1865),  by  whom  it  was  carried  to  many  places,  among  them  Suez 
(June).  From  Egypt  the  disease,  during  the  next  few  weeks,  spread  to 
Malta,  Marseilles,  Ancona,  Valencia,  Constantinople,  and  other  places. 
From  these  centres  it  extended  through  France,  Italy,  Spain,  Turkey, 
Eoumania,  and  Southern  Eussia.  England  was  invaded  in  August  of 
this  year  (1865),  though  only  on  a  small  scale,  a  few  cases  occurring  at 
Southampton,  and  a  localised  outbreak  (apparently  connected  with  the 
Southampton  cases)  at  Theydon  Bois,  in  Essex.  To  Southampton  the  disease 
seems  to  have  been  brought  from  Alexandria.     In  the  Western  Hemisphere, 

'  '  Betrospect  of  the  Successive  Epidemics  of  Cholera  in  Europe  and  America  '  (E.  F. 
Willoughby,  M.D.,  D.P.H.,  Epidem.  Trans.,  N.S.,  vol.  x.  1890-91). 
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the  disease  appeared  in  October  1865  at  Guadeloupe  shortly  after  the  arrival 
of  two  ships  from  Marseilles  and  Bordeaux.  Limited  outbreaks  also  occurred 
in  1865  in  Austria  and  Germany,  and  a  more  severe  one  in  Belgium  (Luxem- 
bourg). 

In  the  following  year  (1866)  the  disease  became  extensively  prevalent  in 
Belgium,  the  Netherlands,  Sweden,  England,  France,  Italy,  Turkey,  and 
Eussia.  Scattered  cases  also  appeared  in  Denmark,  Norway,  and  Finland. 
It  now,  too,  appeared  in  and  became  diffused  over  parts  of  North  and  South 
America.  In  England  the  disease  was,  during  this  year,  imported  at  various 
places,  notably  Bristol  and  Liverpool,  from  Rotterdam ;  Southampton,  by  the 
P.  and  0.  steamer  *  Poonah,'  coming  from  Alexandria  via  Malta  and  Gibraltar ; 
Ooole  from  Antwerp ;  and  Shields  from  Hamburg.  To  North  America  cholera 
eeems  to  have  been  in  the  first  instance  carried  by  Irish  and  German 
•emigrants  from  Liverpool. 

Although  cholera  in  Europe  and  America  now  began  to  decline,  some 
years  elapsed  before  it  disappeared.  Thus,  it  was  more  or  less  present  in 
Eussia  each  year  from  1867  until  1874,  and  in  Germany  in  each  of  the 
same  years,  with  the  exception  of  1869-70.  In  Switzerland  it  was  present  in 
1867 ;  in  France  in  the  same  year,  and  also  in  1873 ;  in  Austria  in  1867, 
1872,  and  1873  ;  Sweden  in  1871  and  1873  ;  South  America  in  1867-8,  and 
North  America  (re-imported)  in  1873. 

The  years  of  lowest  epidemicity  during  this  period  were  1869-70,  after 
which,  up  to  1873,  the  disease  again  became  more  prevalent.  It  is  maintained 
by  some  that  this  renewed  prevalence  was  a  result  of  a  fresh  importation  of 
the  disease  from  India,  and  there  would  appear  grounds  for  thinking  that 
such  was  in  part,  at  all  events,  the  case.  It  seems  certain  that  cholera  became 
widely  epidemic  in  North- West  India  after  the  great  Hurdwar  bathing  fair 
in  1867,  and  that  thence  it  spread  through  Persia  into  Eussia  in  1869 
and  1870  ;  so  that  the  subsiding  European  epidemic  would  seem  at  least  to 
have  been  reinforced  by  this  fresh  importation.  Hirsch,  however,  takes  the 
■opposite  view,  and  regards  the  renewed  prevalence  in  Europe  at  this  period 
as  a  resuscitation  of  the  temporarily  abated  epidemic.  By  the  end  of  1874 
cholera  had  disappeared  from  Europe,  and  did  not  return  for  a  period  of 
almost  ten  years. 

In  June  1884,  however,  cholera  broke  out  at  Toulon,  possibly,  it  would 
seem,  as  a  result  of  importation  by  French  troops  from  Cochin  China  or 
Tonkin.^  At  the  end  of  the  month  the  disease  had  appeared  in  Marseines,^ 
and  later  in  the  year  it  spread  over  a  large  part  of  France.  More  than  880 
deaths  occurred  in  Toulon,  and  nearly  2,000  at  Marseilles.  As  early  as  the 
■end  of  June,  cholera  had  appeared  in  Paris,  but  the  serious  prevalence  of  the 
disease  in  that  capital  did  not  take  place  until  November,  during  which  month 
there  occurred  there  938  cholera  deaths.  Altogether,  during  the  year  1884 
some  5,000  deaths  from  cholera  occurred  in  France.  In  the  meantime  the 
disease  had  also  appeared  both  in  Italy  and  Spain,  notwithstanding  the 
■extensive  quarantine  precautions  which  were  taken  to  prevent  its  importation 
to  those  countries.  In  Italy,  it  seems  first  to  have  broken  out  at  Spezia. 
Before  the  end  of  the  year  858  Italian  communes  had  been  more  or  less 
invaded,  and,  according  to  the  Official  Eeport  of  the  Minister  of  the  Interior, 

1  For  the  detailed  history  of  cholera  in  Europe  during  this  and  other  recent  years,  see 
■the  Eeports  and  Papers  on  Cholera  submitted  by  the  Medical  Officer  to  the  Local  Govern- 
ment Board  as  a  supplement  to  the  Board's  Fifteenth  Annual  Eeport ;  also  the  various 
Annual  Eeports  of  the  Medical  Officer  to  the  Local  Government  Board. 

^  There  appears  some  evidence  that  cholera  was  present  at  Marseilles  in  the  year 
1883.  See  footnote  to  p.  9  of  the  Annual  Eeport  for  that  year  of  the  Medical  Officer  to 
the  Local  Government  Board. 
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as  many  as  27,030  attacks  and  14,299  deaths  had  resulted.  The  disease 
was  most  severe  at  Naples,  in  which  city  there  were  7,086  deaths.  It  is 
notable  that  Eome,  with  its  excellent  water-supply,  almost  entirely  escaped, 
only  thirteen  cases  and  six  deaths  being  recorded  for  the  whole  province. 
In  Spain  the  epidemic  was  not,  during  1884,  of  a  very  extensive  character. 
In  all  there  were  274  cholera  deaths  in  that  country,  215  of  which  occurred 
in  the  province  of  Alicante. 

During  this  year  (1884)  cases,  apparently  of  cholera,  were  three  times 
brought  in  ships  to  England,  but  no  spread  of  the  disease  occurred.  Ger- 
many, also,  practically  escaped. 

By  the  late  autumn  or  early  winter  the  disease  had  died  down  in  France, 
Italy,  and  Spain.  But  it  reappeared  in  each  of  those  countries  in  1885, 
This  time  Spain  was  heavily  attacked.  The  earliest  recorded  cases  occurred 
in  the  province  of  Valencia  during  the  month  of  February,  but  the  disease 
did  not  become  widely  diffused  until  June.  It  then  increased  through  the 
months  of  July  and  August,  begmning  to  decline  in  September,  but  it  had 
not  died  out  at  the  end  of  the  year.  During  the  period  February  5  to 
December  31, 1885,  forty-six  provinces  had  been  invaded,  the  total  recorded 
cases  numbering  338,685,  and  the  deaths,  119,620.  In  Italy  the  disease 
became  epidemic  in  a  number  of  provinces  in  August,  and  before  the  end  of 
the  year  3,459  deaths  were  recorded,  2,959  of  which  occurred  at  Palermo. 
As  regards  France,  cholera  was,  during  1885,  most  fatal  in  Marseilles  and 
Toulon,  at  which  places  1,039  and  314  fatal  cases  occurred  respectively,  the 
main  mortality  occurring  in  the  month  of  August.  Later  in  the  year, 
however,  cholera  appeared  in  the  province  of  Finistere,  and  some  hundreds 
of  deaths  occurred  there,  notably  at  Brest. 

Several  suspicious  cases  of  diarrhoea  were  brought  by  different  ships  to 
England  during  1885,  but  this  country  again  remained  free  from  epidemic 
cholera. 

By  the  spring  of  1886  cholera  had  practically  disappeared  from  France 
and  Spain.  In  Italy,  however,  it  was  again  prevalent,  especially  on  the 
Adriatic  seaboard,  and  more  than  6,000  cholera  deaths  were  recorded.. 
Austria-Hungary  now  also  became  somewhat  severely  invaded,  especially  at 
its  Adriatic  ports,  the  deaths  numbering  over  2,000.  The  disease  still 
lingered  in  the  kingdom  of  Italy  in  1887,  mainly  in  the  island  of  Sicily ; 
but  by  the  end  of  that  year  the  European  epidemic  which  had  begun  in 
1884  came  to  an  end. 

Europe  now  remained  free  from  cholera  until  1890,  when  the  disease 
suddenly  reappeared  at  Valencia.  At  this  time  cholera  was  steadily  advanc- 
ing through  Persia  and  along  the  Euphrates  Valley,  but  there  seemed  no 
sufficient  grounds  for  connecting  the  Valencia  outbreak  with  that  circum- 
stance, and  it  was  suggested,  on  the  other  hand,  that  the  reappearance  of  the 
disease  in  Spain  was  due  to  excavations  in  ground  infected  in  the  previous 
epidemic  by  cholera  evacuations. 

In  the  meantime  (1890)  cholera  continued  to  advance  in  Persia,  Turkey 
in  Asia,  Syria,  and  Arabia,  reaching  Tabrez,  Diarbekir,  Aleppo,  and  Mecca. 

About  June  1891  it  again  broke  out  at  Aleppo  and  the  surrounding 
villages,  appearing  later  at  Damascus,  Antioch,  and  other  places.     In  Mecca  ■ 
also  it  reappeared,  causing  upwards  of  11,000  deaths.     From  Mecca  it  was 
carried  by  pilgrims  to  Medina  and  Jeddah. 

Towards  the  end  of  1891  cholera,  which  had  apparently  extended  from 
the  neighbourhood  of  Peshawur,  broke  out  in  Cabul.  After  a  temporary 
abatement  during  the  months  of  January  and  February  1892,  it  reappeared 
there  in  March.    In  the  same  month  it  was  also  severely  prevalent  at  Herat,. 
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and  two  months  later  at  Meshed.  Later  still,  by  some  two  months  or  more, 
it  reached  Teheran.  But  in  the  meantime  (the  beginning  of  June)  it  had 
broken  out  in  Askabad,  whence  it  quickly  spread  along  the  route  of  the  Trans- 
Caspian  Eailway  and  across  the  Caspian  Sea  to  Baku.  From  Baku  it  spread 
westward  to  Tiflis.  being  carried  northward,  at  the  same  time,  by  steamboat 
traffic  up  the  Caspian  Sea  to  Astrakhan,  at  the  mouth  of  the  Volga,  where  it 
appeared  on  June  30.  By  July  6  it  had  broken  out  at  Saratov,  500  miles 
up  the  Volga,  and  a  little  later  at  Kostroma.  By  the  first  week  in  August  a 
number  of  the  Central  Russian  provinces  were  invaded.  By  August  16 
the  disease  was  estabhshed  in  St.  Petersburg,  and  by  the  23rd  the  invasion 
of  Hamburg  was  officially  announced.  To  Hamburg  the  disease  was  probably 
brought  by  Russian  emigrants  en  route  for  England  and  America.  Later  on 
cholera  appeared  at  Antwerp,  Amsterdam,  Rotterdam,  and  in  Galicia,  cases 
also  occurring  in  Brussels,  Berlin,  and  other  places. 

But  in  addition  to  the  cholera  above  referred  to,  which  undoubtedly 
came  direct  from  the  East,  there  was  also  throughout  the  summer  (1892) 
a  sustained  and  extensive  prevalence  of  cholera  in  France.  The  disease 
appeared  in  the  suburbs  of  Paris  at  the  very  commencement  of  April,  the 
city  itself  becoming  invaded  a  week  or  two  later.  Subsequently  cases  ap- 
peared at  Havre,  Rouen,  and  other  places.  Although  this  French  cholera 
did  not  exhibit  a  tendency  to  very  rapid  spread,  its  fatality  was  considerable, 
and  there  are  strong  grounds  for  regarding  it  as  true  Asiatic  cholera.  Its 
early  appearance,  however,  and  the  absence  of  evidence  of  its  direct  im- 
portation from  the  East,  make  it  possible,  as  Mr.  Macnamara  suggests,  that 
it  was  a  revival  of  the  European  cholera  of  1884-87. 

The  mortality  from  cholera  in  Europe  during  1892  was  very  great.  La 
European  Russia  to  November  30,  132,700  deaths  occurred.  In  Hamburg, 
according  to  official  returns,  the  cases  in  the  first  nine  weeks  of  the  outbreak 
numbered  17,989,  and  the  deaths,  8,261.  As  regards  France,  the  deaths 
from  April  to  September  14  in  Paris  and  the  suburbs,  in  the  Department 
of  the  Seine,  amounted  to  over  1,400. 

The  experience  of  England  during  the  epidemic  was  decidedly  encourag- 
ing. Two  days  after  Hamburg  had  been  declared  infected,  three  cases  of 
cholera  from  that  city  arrived  at  the  port  of  London  in  the  s.s.  '  Gemma,' 
and  by  the  middle  of  October  some  twenty-nine  undoubted  cases  had  been 
brought  to  this  country.  But  in  no  instance,  so  far  as  is  known,  did  the 
disease  extend  beyond  the  imported  cases. 

The  points  to  note  with  regard  to  the  cholera  pandemic  of  1892  are  :  (1) 
That  the  disease  again  travelled  along  main  lines  of  communication,  and,  in 
many  instances,  in  conspicuous  association  with  the  movements  of  persons 
along  those  lines.  In  this  connection  it  is  noteworthy  that  within  a  month 
'  of  the  recognition  of  cholera  at  a  town  on  the  Trans-Caspian  Railway  it 
(cholera)  had  penetrated  to  the  heart  of  Russia  in  Europe,  the  transit  from 
Central  Asia  having  taken  as  many  days  as,  before  the  creation  of  raUwaya 
and  steamboat  hnes,  it  took  months.'^  (2)  That  cholera  has  again  exhibited 
its  tendency  to  flourish  where  unwholesome  conditions  abound,  and  that  as 
regards  Hamburg,  and  Paris  and  its  suburbs,  at  least,  the  victims  have  for 
the  most  part  been  persons  consuming  contaminated  water.  (3)  That 
attempts  to  stay  the  march  of  the  disease  by  measures  of  quarantine  have 
again,  in  some  instances,  signally  failed,  while,  on  the  other  hand,  the  more 
practicable  and  reasonable  system  of  medical  inspection  adopted  in  this 
country,  although  it  does  not  claim  to  be  an  absolute  protection  against  the 

'  '  The  Eoute  of  Asiatic  Cholera  in  1892,'  by  Dawson  Williams,  M.D.  (British  Medical 
Journal,  Sept.  17,  1892). 
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importation  of  tlie  disease,  has  nevertheless  been  attended  with  success  in 
that  respect. 

Before  leaving  the  subject  of  the  history  of  cholera,  reference  must  be 
made  to  one  or  two  circumstances  brought  out  by  that  history.  In  the 
first  place,  the  favourite,  and  possibly  original,  home  of  the  disease  would 
seem  to  be  India,  and  especially  Lower  Bengal — a  region  from  which 
cholera  is  practically  never  absent,  and  from  which  it  has  again  and  agaia 
extended  in  epidemic  or  pandemic  diffusion  over  wide  areas  of  the  earth's 
surface.  In  such  epidemic  or  pandemic  excursions  cholera  has  tended 
especially  to  advance  along  main  lines  of  human  communication,  such  as 
caravan  routes,  navigable  rivers,  and  the  lines  of  sea  traf&c.  Its  appearance 
in  previously  tminvaded  localities  has  often  been  found  to  have  been  closely 
preceded  by  the  arrival  of  persons  from  infected  districts  ;  and  lastly,  exten- 
sive diffusions  of  the  disease  have  at  different  times  followed  upon  the 
congregation  and  subsequent  dispersion  of  pilgrims,  as  at  the  great  Hurdwar 
Fair,  in  India,  and  at  Meschid  and  Mecca.  It  will  have  been  observed  from 
the  historical  sketch  above  given  that,  in  its  marches  from  India  to  the 
West,  cholera  has  followed  certain  well-defined  routes,  which  have  been 
described  as  the  Central  Asiatic,  the  North  Persian,  the  Persian  Gulf,  and 
the  Eed  Sea  routes.  The  Central  Asiatic  route  advances  through  Cabul, 
Balkh,  Bokhara,  and  Khiva,  to  Orenburg  in  European  Eussia ;  the  North 
Persian,  via  Cabul,  Herat,  Meschid,  Astrabad,  and  Teheran,  and  thence  up 
the  Caspian  Sea  to  Astrakhan,  and  through  Tabrez  to  Erzeroum,  Trebizond, 
and  along  the  Black  Sea ;  the  Persian  Gulf  route  passes  up  the  shores  of  the 
Gulf  and  north-westwards,  along  the  river  Tigris  to  Baghdad  and  DiarbeMr, 
and  the  Euphrates  to  Aleppo.  The  Eed  Sea  route,  first  followed  in  1865, 
passes  from  India  by  sea  to  South  Arabia,  and  thence  along  the  shores  of 
the  Eed  Sea  to  Suez,  Cairo,  and  the  Mediterranean. 

As  regards  geographical  distribution  little  need  be  said.  At  one  or 
another  time  cholera  has  extended,  as  we  have  already  seen,  widely  over  the 
earth's  surface.  In  its  marches,  however,  it  has,  so  far,  spared  certain 
locahties.  Thus,  it  has  never  yet  invaded  Australia,  the  East  Coast  of  Africa 
south  of  Delagoa  Bay,  the  islands  of  the  Pacific  Ocean,  the  islands  of  St. 
Helena  and  Ascension,  Iceland,  the  Faroe  Islands,  the  Hebrides,  the  Orkney 
Isles,  Lapland,  and  some  other  places  (Hirsch).  Even  in  invaded  continents 
certain  places  have  enjoyed  a  marked  degree  of  immunity.  Exemptions  of 
this  sort  are  probably  due,  either  to  the  relatively  little  communication 
between  the  places  in  question  and  the  continent  of  India,  or  to  the  enjoy- 
ment by  such  places  of  special  sanitary  advantages,  more  particularly  pure 
and  wholesome  water-supplies. 

Mortality  and  Fatality. — The  mortality  from  cholera  is  often  enormous. 
As  regards  this  country,  the  deaths  resulting  from  the  1831-32  epidemic  were 
estimated  at  over  30,000.  They  were  not,  however,  accurately  known,  as 
registration  had  not  then  been  introduced.  In  the  next  invasion  of  Great 
Britain  (1848-49)  the  mortahty  was  very  great.  Thus,  in  the  year  1849, 
when  the  epidemic  was  at  its  height,  the  cholera  deaths  registered  in 
England  and  Wales  amounted  to  53,293,  which  was  equivalent  to  a  rate  of 
3,033  per  million  of  the  population.  There  was  also  during  this  year  a  not- 
able increase  in  the  '  diarrhoea  '  mortality.  It  is,  however,  satisfactory  to 
observe  that  upon  each  of  the  two  later  invasions  of  this  country  (1853-54 
and  1865-66)  there  was  a  marked  decline  in  the  mortality.  In  the  year  1854 
the  cholera  deaths  were  20,097,  giving  a  rate  of  1,080  per  million  against 
3,033  of  the  year  1849  ;  and  in  the  year  1866  the  deaths  still  further  fell  to 
14,378,  or  672  per  milhon.    Since  the  latter  year  England  has  remained  fi-ee 
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from  epidemic  cholera.  In  each  English  invasion  the  prevalence  and  mor- 
taUty  of  the  disease  have  been  far  greater  in  the  second  than  the  first  year 
of  the  epidemic. 

The  fatality  of  cholera  is  also  very  high,  usually  ranging  from  30  to  50 
per  cent,  of  the  attacks,  and  it  may  be  even  higher.  In  1892  it  seems  to 
have  been  about  45  per  cent,  both  for  the  whole  of  Kussia  and  for  Hamburg. 
The  fatahty  of  cholera  is  said  to  be  greater  at  the  beginning  than  during  the 
later  stages  of  an  outbreak. 

Influence  of  Climate  and  Season. — That  Asiatic  cholera  is  largely  influ- 
enced by  climate  there  seems  no  room  for  doubt,  for  although  it  is  true  that 
the  disease  has  shown  its  ability  to  diffuse  itself  widely  under  various  con- 
ditions as  to  climate,  it  has  not  shown  an  equal  ability  to  permanently  esta- 
blish itself  under  such  diverse  climatic  conditions.  On  the  contrary,  in 
temperate  climates  it  tends  to  die  out  in  the  course  of  a  few  seasons.  More- 
over, that  a  certain  degree  of  heat  favours  the  activity  of  the  poison  is  suf- 
ficiently evidenced  by  the  fact  that  in  Europe  the  disease  has  generally 
attained  its  greatest  prevalence  in  the  months  from  June  to  August,  dying 
down  during  the  winter,  often  only  to  reappear  in  the  following  summer. 
The  fact  of  there  having  been  certain  exceptions  to  this  order  of  events  does 
not  alter  the  bearing  of  the  usual  experience.  '  As  a  general  rule,'  says 
Macnamara,  '  it  may  be  stated  that  cholera  will  not  extend  during  the  cold 
of  a  European  winter,  or  even  of  our  Punjab  cold  season.' 

As  regards  rainfall,  it  would  seem  that  a  moderate  degree  of  rain  favours, 
and  is  probably  essential  to,  cholera  prevalence,  though  excessive  wet  arrests 
the  spread  of  the  disease.  Further  information  upon  this  subject,  however, 
wiU  be  found  at  page  843,  vol.  i.  of  this  work. 

Influence  of  Bace. — There  is  a  general  consensus  of  opinion  among 
authorities  to  the  effect  that  the  negro  race  is  especially  hable  both  to  attack 
and  death  by  cholera.  This  has  been  particularly  noted  on  the  East  Coast 
of  Africa,  at  Mauritius,  Eeunion,  and  other  places.  But  as  to  the  relative 
susceptibility  of  other  races  Uttle  seems  to  be  certainly  known. 

Of  Sex. — Judging  by  the  experience  of  the  three  cholera  epidemics  which 
have  occurred  in  England  during  registration  times,  the  mortality  at  all  ages 
taken  together  is  rather  greater  among  males  than  females,  the  male  mortality 
being  the  higher  up  to  the  age  of  fifteen  years  and  after  that  of  sixty-five. 

The  fatahty  (or  case  mortality)  is  greater  for  females  than  males  in  the 
age  period  0-5  and  during  the  age  periods  10-15  and  15-25 ;  at  all  other 
age  periods  it  is  greater  for  males. 

And  of  Age. — As  regards  age  apart  from  sex,  the  actual  number  of  deaths 
is  much  greater  during  the  age  period  0-5  than  at  any  subsequent  age 
period,  and  of  the  years  included  in  the  period  0-5,  it  is  greatest  in  the 
second  year.  If  the  mortahty  at  different  age  periods  is  considered  in  relation 
to  the  numbers  living  at  those  periods,  it  appears  that  it  diminishes  from 
80-1  per  10,000  living  to  12-9  and  7*0  respectively  during  the  first  three 
lustres  of  life  (0-5,  5-10,  and  10-15).  It  then  remains  almost  stationary, 
though  increasing  slightly,  for  the  next  ten  years,  after  which  it  increases 
steadily  with  each  succeeding  decennial  period  until  it  reaches  48'6  for  the 
period  75-85.  ^ 

The  case  mortality  is  also  greatest  in  children  and  old  persons. 

Cause  and  Modes  of  Dissemination. — The  ultimate  dependence  of 
cholera  upon  microphytic  life-processes  is  here  provisionally  assumed.  The 
evidence  with  respect  to  the  bacteriology  of  cholera  is,  however,  dealt  with 

*  See  Report  on  the  Cholera  Epidemic  in  England,  Dr.  W.  Farr  (Supplement  to  the 
Twenty-ninth  Anmial  Beport  of  the  Begistrar-Oeneral). 
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at  page  175,  ante.  Among  the  circumstances  affecting  the  development  and 
diffusion  of  cholera,  conditions  of  locahty  are  of  great  importance.  On  a 
large  scale  this  is  seen  in  the  constant  presence  of  the  disease  in  Bengal,  its 
so-called  '  endemic  centre.'  On  a  smaller  scale  it  is  seen  in  the  frequently 
observed  fact  that  certain  localities,  even  particular  parts  of  towns,  have 
been  severely  invaded  in  successive  epidemics,  while  other  more  or  less 
circumscribed  localities  have  repeatedly  escaped  serious  invasion,  notwith- 
standing repeated  importations  of  the  poison.^ 

It  is  doubtless  true  as  regards  European  experience,  that  in  the  instances 
in  which  particular  locahties  have  again  and  again  been  heavily  attacked,  a 
partial,  and  in  some  cases,  probably,  a  complete  explanation  of  the  fact  is  to 
be  found  in  the  existence  at  such  places  of  polluted  water-supplies  or  other 
unwholesome  conditions.  But,  in  a  general  way,  there  is  much  evidence  of 
the  influence  of  other  factors,  such  as  elevation  ;  nature  and  character  of  the 
soil,  together  with  its  natural  purity  or  organic  contamination  ;  moistm-e 
and  temperature  of  the  soil,  and  variations  in  the  level  of  the  ground-water. 
These  matters,  however,  are  discussed  in  the  first  volume  of  this  work 
(p.  339). 

That  sanitary  defects  are  conducive  to  cholera  prevalence  and  mortality 
is  unquestionable.  Such  defects  no  doubt  operate  indirectly  by  inducing 
a  lowered  standard  of  health  with  diminished  power  of  resistance  to  infec- 
tion, but  their  main  danger  lies  in  the  specific  contamination  of  air,  soil, 
food,  and  especially  water,  to  which  they  give  rise.  Mr.  Macnamara  speaks 
of  the  general  agreement  of  Anglo-Indian  authors  'that  cholera,  when 
extending  over  a  country,  often  settled  on  the  inhabitants  of  low-lying,  ill- 
drained,  and  overcrowded  locahties.'  ^  Sir  John  Simon,  commenting  in 
his  Ninth  Annual  Eeport  to  the  Privy  Council  upon  the  experience  of  the 
cholera  epidemic  which  England  was  then  (1866)  passing  through,  remarked : 
* .  .  .  The  diffusion  of  cholera  among  us  depends  entu'ely  upon  the  number- 
less filthy  facilities  which  are  let  exist,  and  specially  in  our  larger  towns, 
for  the  fouling  of  earth  and  air  and  water,  and  thus  secondarily  for  the 
infection  of  man,  with  whatever  contagium  may  be  contained  in  the  miscel- 
laneous outflowings  of  the  population.  Excrement-sodden  earth,  excrement- 
reeking  air,  excrement-tainted  water,  these  are  for  us  the  causes  of  cholera.' 

But  the  conditions  so  far  referred  to  are  conditions  tending  to  promote 
the  activity  and  diffusion  of  the  cholera  organism  when  it  is  present  in  the 
locality.  It  has,  however,  already  been  seen  that  the  conspicuous  feature  in 
the  behaviour  of  cholera  during  the  present  century  has  been  its  Hability  at 
frequent  intervals  to  escape  from  its  endemic  centre,  and  sweep  over  more  or 
less  wide  areas  of  the  earth's  surface.  Various  theories  of  '  cholera  waves ' 
and  the  like  have  been  advanced  to  explain  these  extensive  marches  of  the 
disease,  but,  the  more  closely  the  matter  is  studied,  the  more  evident  does 
it  appear  that  the  actual  migration  of  the  disease  is  accomplished  by  human 
agency. 

Not  only  does  a  survey  of  cholera  pandemics  exhibit  their  tendency  to 
advance  along  the  lines  of  human  communication,  but  a  detailed  study  of 
particular  outbreaks  sufficiently  often  discloses  the  fact  of  the  importation  of 
the  disease  by  infected  persons  or  their  infected  clothing. 

Doubtless  the  variations  in  the  amount  of  cholera  prevalence  in  India 
from  time  to  time,  and  the  periodical  diffusions  of  the  disease  from  that 
country,  indicate  the  operation  in  particular  years  at  the  endemic  centre, 
and,  perhaps  more  or  less  throughout  the  march  of  the  disease,  of  meteoro- 

'  See  Hirsch,  op.  cit.,  vol.  i.  p.  439. 

*  Article  on  '  Cholera,'  Quain's  Dictioiiary  of  Medicine. 
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logical  or  other  conditions  which  are  favourable  or  the  reverse  to  the 
multiphcation  of  the  cholera  organism  or  to  the  promotion  of  its  pathogeni- 
city ;  but  the  evidence  goes  to  show  that  the  actual  transport  of  the  organism 
is  effected  by  human  agency. 

The  mode  by  which  the  disease  is  communicated,  however,  differs  notably 
from  that  of  small-pox,  typhus,  and  other  typical  infectious  diseases,  and 
more  closely  resembles  that  of  enteric  fever.  It  is  not,  as  with  typhus,  those 
who  are  in  attendance  upon  the  sick  who  are  especially  singled  out  for  attack. 
Such  persons  do  not,  as  a  rule,  appear  to  suffer  in  greater  proportion  than 
the  other  inhabitants  of  the  infected  district.  On  the  other  hand,  there  is 
abundant  evidence  that  cholera  may  be  communicated  by  drinking  water 
contaminated  with  the  bowel  discharges  of  persons  suffering  from  the  disease. 
With  respect  to  this  evidence  the  reader  must  be  referred  to  the  article  on 
'  Water  '  in  the  first  volume  of  this  work  (p.  267).^ 

It  is  not,  however,  maintained  that  water-carriage  constitutes,  even  in 
this  country,  the  only  means  of  the  propagation  of  cholera.  All  that  is 
claimed  is  that  experience  has  proved  that  contaminated  water-supplies  have 
played  a  conspicuous  part  in  the  dissemination  of  the  disease.  On  the  other 
hand,  the  behaviour  of  cholera  seems  to  require  for  its  explanation  a  theory 
of  the  ability  of  the  cholera  organism  to  carry  on  certain  of  its  life  phases 
in  the  soil — a  view  which  is  now  becoming  generally  held  in  this  country 
with  regard  also  to  the  organisms  of  enteric  fever  and  diarrhoea.  It  is  pro- 
bably also  true  that  the  cholera  organism  is  capable,  under  certain  circum- 
stances, of  escaping  from  its  habitat  in  the  soil  and  infecting  human  beings, 
either  directly  or  by  fastening  on  to  food.  This  almost  certainly  occurs  in 
the  case  of  the  closely  allied  malady,  diarrhoea. 

It  has  been  again  and  again  observed  that  in  England  cholera  has  attained 
its  widest  diffusion  during  the  second  year  of  its  appearance  in  the  country  ; 
and  in  so  far  as  the  later  diffusions  were  connected  with  the  earlier  appear- 
ances of  the  disease,  it  can  hardly  be  doubted  that,  during  the  interval 
between  the  two,  the  cholera  organism,  although  reduced  to  a  relatively 
latent  condition  as  regards  pathogenic  manifestation,  must  have  continued 
its  existence — presumably  in  the  soil. 

We  are  indebted  to  Mr.  Power  for  the  following  hypotheses  formulated 
by  him  in  1883-84  in  provisional  explanation  of  the  general  behaviour  of 
cholera,  and  especially  of  the  character  of  English  cholera  epidemics  above 
referred  to : — 

Choleea  Hypotheses,  1883 

1.  The  cause  of  cholera  is  a  living  organism. 

2.  This  organism  has  phases  in  its  life-history,  during  some  of  which  it  has  not,  and 
in  others  it  has,  the  power  of  producing  cholera.  Let  these  respectively  be  called 
'  non-malignant '  phases  and  '  malignant '  phases.  In  all  phases  the  organism  has  the 
power  of  multiplying  itself. 

3.  In  most  parts  of  the  world  the  organism  can  exist  in  phases  of  both  sorts.  But 
only  within  certain  geographical  limits — its  '  customary  '  area — has  it  the  faculty  of  pass- 
ing from  non-malignant  into  malignant  phase. 

4.  Alike  in  its  non-malignant  and  in  its  malignant  phase  the  organism  is  liable  to  be 
conveyed — in  the  body  of  a  human  host  or  otherwise — beyond  its  customary  area,  and  be 
deposited  here  and  there  throughout  the  world. 

5.  Such  convection  of  the  organism  in  its  non-malignant  phase  can  never  be  demon- 
strable— i.e.  by  the  appearance  of  cholera — inasmuch  as  ex  hypoth&si  3  it  cannot,  when 
existing  outside  its  customary  area,  pass  into  its  malignant  phase. 

^  See  also  Dr.  Snow,  On  the  Mode  of  Communication  of  Cholera ;  Mr.  Macnamara's 
Treatise  on  Asiatic  Cholera  ;  and  various  reports  in  the  Eighth  and  Ninth  Eeports  of  the 
Medical  Officer  to  the  Privy  Council  (1885  and  1886). 
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6.  But  sucli  convection  of  the  organism  when  it  is  in  its  malignant  phase  can  result  in 
cholera,  first,  among  the  population  immediatelyreceiving  it ;  secondly,  among  populations 
receiving  it  from  that  first  population. 

7.  The  resulting  cholera  in  such  case  will  appear  only  when  local  and  climatic  condi- 
tions are  favourable,  and  the  absence  of  cholera  cannot,  therefore,  alone  be  evidence  of  the 
non-convection  of  the  organism  in  its  malignant  phase. 

8.  The  total  of  the  local  and  climatic  conditions  required  for  the  appearance  of  cholera 
in  places  outside  its  customary  area,  to  which  the  cholera  organism  has  been  conveyed,  is 
never  continuous,  but  always  recurrent  or  cyclical. 

9.  At  a  time  when  this  total  of  conditions  is  present,  the  conveyed  organism,  being  in 
its  malignant  phase,  produces  cholera.  It  produces  cholera,  however,  only  in  quantity 
proportioned  to  its  own  quantity,  or  to  the  quantity  of  its  immediate  descendants  produced 
during  the  maintenance  of  the  requisite  conditions.  [Wherefore  the  local  outbreaks  of  the 
disease  are  apt  to  be  of  small  dimensions  when  they  appear  for  the  first  time  after  the 
convection  of  cholera  to  a  place.] 

10.  At  a  time  subsequent  to  the  original  introduction  into  a  place  of  the  cholera  organ- 
ism in  its  malignant  phase,  the  total  of  local  and  climatic  conditions  requisite  for  the 
appearance  of  cholera  may  be  absent ;  and  in  that  case  the  cholera  organism,  though  in  its 
malignant  phase,  can  for  a  while  await  the  reappearance  of  the  required  conditions.  On 
their  reappearance,  cholera  will  appear  as  in  §  9. 

11.  This  waiting  cannot  be  indefinitely  prolonged,  consistently  with  maintenance  of  the 
malignant  phase  among  the  descendants  of  the  imported  organism.  If  prolonged,  the  re- 
quired local  and  climatic  conditions  can  appear,  but  no  cholera  will  appear. 

12.  After  the  appearance  of  cholera  in  a  place,  and  when  the  local  and  cUmatie  condi- 
tions required  by  the  organism  in  its  malignant  phase  are  passing  away,  the  descendants 
of  the  original  organism  will  be,  for  a  while,  in  existence,  and  they  wiU  be,  in  greater  or 
less  number,  endowed  with  the  same  quality  of  malignancy  as  their  ancestors. 

13.  From  these  immediate  descendants,  malignant  and  non-malignant,  a  succession  of 
generations  can  be  produced,  the  generation  always  tending  towards  the  non-malignant 
phase  of  the  organism. 

14.  Upon  recurrence  of  the  requisite  local  and  climatic  conditions,  such  organisms  as 
have  assumed  the  non-malignant  phase  cannot  produce  cholera. 

15.  Upon  such  recurrence,  the  organisms  which  continue  to  live  in  their  malignant 
phase  may  or  may  not  have  become  more  numerous  than  in  earlier  generations.  Often 
they  have  become  more  numerous.  [Wherefore  local  outbreaks  of  cholera  following  upon 
a  slight  original  outbreak  (§  9)  are  apt  to  be  of  larger  dimensions  than  the  original  out- 
break.] 

16.  The  tendency  of  cholera  organisms  in  their  malignant  phase,  when  existing  out- 
side their  customary  area,  to  die  or  to  exhibit  the  non-malignant  phase  in  their  descendants, 
overcomes  in  the  long  run  the  tendency  to  multiply  in  any  malignant  phase.  [Wherefore, 
unless  exceptional  conditions  be  present,  the  tendency  of  cholera  is  to  disappear  from 
locahties  outside  its  customary  area.] 

In  connection  with,  this  subject,  the  remarks  of  Dr.  Sims  Woodhead  upon 
cholera  in  his  paper,  already  quoted,  are  of  considerable  interest.  He  points 
out  that  the  cholera  organism,  when  grown  anaerobically,  gains  increased 
virulence,  but  largely  loses  its  power  of  resistance  to  germicidal  agents. 
Conversely,  when  grown  aerobically  it  largely  loses  its  poison-forming  func- 
tion, but  gains  in  power  of  resistance.  Its  cultivation  in  the  bodies  of 
human  hosts,  therefore,  while  augmenting  its  virulence,  does  not  tend  to 
conserve  that  section  of  a  given  crop  which  has  taken  to  colonise  in  the 
human  subject.  On  the  other  hand,  its  aerobic  existence  outside  the  body, 
while  diminishing  its  ability  for  immediate  harm  to  human  beings,  increases 
its  ability  of  maintaining  itself  (other  essential  conditions  being  present), 
and,  consequently,  its  prospective  danger  to  man  when  the  season  most 
favourable  for  its  migration  from  the  soil  shall  come  round.  In  this  way, 
also.  Dr.  Woodhead  explains  the  fact  that  cholera  displays  but  little  tendency 
to  spread  immediately  from  person  to  person,  notwithstanding  that  there  is 
ample  evidence  of  its  dissemination  by  fomites,  such  as  infected  body-linen. 

With  respect  to  the  subject  of  the  spread  of  cholera,  several  other 
matters  require  mention.     Most  observers  consider  that  the  virus  is  given  off 
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by  the  discharges  from  the  sick,  especially,  according  to  some  authorities, 
when  those  discharges  are  undergoing  decomposition.  To  the  recipient  the 
virus  would  seem  most  usually  to  gain  access  by  the  alimentary  canal,  though 
it  is  not  unlikely  that  it  may  be  inhaled.  The  poison,  as  already  seen,  is 
without  doubt  in  the  main  transported  by  human  agency,  but  it  is  probably 
also,  to  some  extent,  air-borne,  though  only  for  short  distances.  An  in- 
teresting case  of  the  spread  of  cholera  by  milk  has  been  recorded  by  Dr. 
Simpson,  the  Medical  Officer  of  Health  for  Calcutta.  In  this  case  the  milk 
was  admittedly  diluted  with  water  contaminated  with  choleraic  discharges.^ 
Great  and  continued  fatigue  and  alcoholic  excesses  are  said  to  predispose  to 
cholera. 

Period  of  Incubation. — The  period  of  incubation  of  cholera  is  usually 
quite  short — from  a  few  hours  to  three  days  ;  but,  according  to  the  late 
Dr.  Parkes,  it  may  be  prolonged  for  ten  or  even  twenty  days. 

Protection. — Cholera  affords  but  a  very  slight  degree  of  immunity,  if  any,, 
against  a  subsequent  attack. 

Relation  to  other  Diseases. — Cholera  exhibits  certain  striking  points  of 
similarity  to  the  epidemic  diarrhoea  of  this  country.  In  his  report  upon  the 
latter  disease  Dr.  Ballard  remarks :  '  The  kinship  of  "diarrhoea  "  to  malignant 
cholera  is  seen  principally  in  the  fact  that  both  are  clinically  diarrhoeal 
diseases  in  which  the  abundant  watery  discharges  from  the  bowels  are  more 
or  less  rapidly  succeeded  by  collapse,  in  which  there  is  some  similarity  (in 
diarrhoeal  cases  about  to  become  fatal),  in  the  fades,  the  sunken  eyes,  the 
shrinking  of  the  bulk  of  the  body,  and  algidity  in  certain  cases.  In  both 
there  is  free  desquamation  of  the  intestinal  epithelium  ;  in  both  the  kidneys 
are  early  implicated ;  and  in  both  this  condition  may  issue  in  uraemia  and  its 
results.  Communicability  through  the  medium  of  the  morbid  evacuations, 
although  reputedly  a  character  of  malignant  cholera,  does  not  appear  to  be 
a  character  uniformly  attaching  to  the  disease  ;  nor  is  non-communica- 
bility  through  the  same  medium  a  character  invariably  attaching  to  the  epi- 
demic diarrhoeal  malady.'  Indeed,  it  would  appear  that,  regarded  from  the 
clinical  view  point,  such  differences  as  there  are  between  the  two  maladies 
are  largely  differences  in  degree  of  malignancy. 

Etiologically,  too,  these  diseases  exhibit  many  points  of  likeness.  Both 
appear  to  be  associated  with  filth,  and  especially  with  excremental  filth.  Both 
seem  to  be  very  similarly  influenced  by  season,  and  especially  by  heat.  The 
physical  conditions  of  soil  favourable  to  the  one  disease  appear  to  be 
precisely  those  which  are  favourable  to  the  other,  there  being  in  each  case 
much  evidence  to  show  that  the  prevalence  of  the  disease  is  greater  or  less 
according  to  the  permeability  of  the  soil,  and  its  consequent  ability  to  harbour 
organic  refuse.^  As  regards  the  degree  of  moisture  of  the  soil  favourable 
to  the  prevalence  of  these  two  diseases,  there  is  again  similarity — a  moderate 
degree  of  moisture  being  favourable,  and  excessive  wetness  unfavourable, 
to  both. 

Lastly,  while  Dr.  Ballard  has  shown  that  a  close  relationship  subsists 
between  the  temperature  of  the  soil  and  diarrhoea  prevalence,  a  very  similar 
relationship  between  the  temperature  of  the  soil  and  the  spread  of  cholera 
seems  to  have  been  observed  by  Delbriick,  and  also  by  Pfeiffer,  though  their 
observations  have  not  as  yet  been  corroborated.^ 

^  Practitioner,  vol.  xxxix.  p.  144. 

2  Compare  especially  the  evidence  adduced  by  Ballard  with  respect  to  diarrhoea  (Supple- 
ment to  the  Report  to  the  Local  Government  Board,  1887),  and  Hirsch  {op.  cit.,  vol.  i. 
p.  452-3)  for  cholera. 

^  See  Hirsch,  ojp  cit.,  vol.  i.  p.  461. 
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From  what  has  been  said,  it  will  have  been  seen  that,  both  clinically  and 
etiologically,  diarrhoea  and  cholera  have  many  points  in  common.  It  is,  of 
course,  generally  held  that  they  are  absolutely  distinct  diseases  ;  but  there 
would  seem  at  least  some  grounds  for  the  surmise  that  cholera  may  after  all 
be  but  an  Asiatic  variety  of  a  disease  known  elsewhere  as  '  diarrhoea '  and 
cholera  nostras — a  variety,  that  is  to  say,  which  has  been  reared  during  the 
course  of  time  under  conditions  of  environment  especially  suitable  for  the 
fostering  of  its  malignancy.  The  more  pronounced  communicabihty  of 
cholera,  as  compared  with  diarrhoea,  is  no  sufficient  objection  to  this  view,  for 
not  only  is  it  a  fact  that  diarrhoea  in  England  is  also  at  times  communicable, 
but  the  heightened  malignancy  which  is  postulated  of  cholera  by  the  above 
hypothesis  might  reasonably  be  expected  to  carry  with  it  an  increase  of 
communicability. 

As  an  objection  to  the  thesis  here  suggested,  it  might  be  urged  that, 
according  to  experience  in  this  country,  contaminated  water  plays  a  far  more 
conspicuous  part  in  the  dissemination  of  cholera  than  in  that  of  epidemic 
diarrhoea.  But  with  regard  to  this  it  has  to  be  remembered,  that  while  on 
the  one  hand  epidemic  diarrhoea  in  England  does  sometimes  appear  to  be 
associated  with  contaminated  water-supplies,  on  the  other  hand,  it  is  by  no 
means  certain  that  in  India  the  contamination  of  drinking-water  is  re- 
sponsible for  the  same  proportionate  share  in  the  diffusion  of  cholera  as 
would  appear  to  have  been  the  case  with  respect  to  the  English  epidemics  of 
that  disease  ;  indeed,  if  such  were  the  case  it  would  be  difficult  to  under- 
stand the  attitude  taken  up  by  many  Anglo-Indian  authorities  with  respect 
to  this  matter. 

May  it  not  rather  be  with  cholera  in  India,  as  it  would  seem  to  be 
with  diarrhoea  in  England,  that  in  localities  in  which  the  disease  is  conspicu- 
ously endemic,  the  soil  is  so  charged  with  the  necessary  microzyme  [which, 
being  indigenous  to  the  locality,  is  capable  of  maintaining  itself  continuously 
and  of  '  cropping  '  year  by  year]  that  the  disease,  although  doubtless  even 
there  disseminated  from  time  to  time  by  water,  is  also  largely,  and  perhaps 
more  largely,  disseminated  by  direct  emanation  from  the  soil — that  in  India, 
in  other  words,  the  spread  of  cholera  is  an  affair  more  after  the  kind  of  that 
of  diarrhoea  in  England  ?  But  that  when  the  cholera  microzyme  is  carried 
into  other  lands,  and  more  especially  into  countries  within  the  temperate 
zone,  where  the  conditions  are  less  favourable  to  its  rapid  multiplication  in 
the  soil,  its  opportunities  for  infecting  man,  particularly  during  the  first 
season  of  its  importation,  are  more  largely  dependent  upon  those  chance 
occasions  upon  which  it  is  conveyed  to  him  in  infected  articles  of  clothing 
or  of  commerce,  contaminated  water-supplies,  and  the  Hke  ?  Such  a  view 
might,  perhaps,  afford  a  basis  for  reconciliation  between  the  Anglo-Indian 
and  British  schools  with  respect  to  the  etiology  of  cholera. 

In  closing  these  remarks  upon  cholera,  one  note  of  warning  may  be 
sounded.  It  must  not  for  a  moment  be  concluded  that,  because  England 
has  escaped  cholera  since  1866,  she  will  enjoy  a  permanent  immunity 
from  that  disease.  It  is  true,  of  course,  that  of  late  years  very  considerable 
improvement  in  the  sanitary  condition  of  the  towns  has  taken  place,  and, 
other  things  being  equal,  such  improvement  may  doubtless  be  relied  upon  as 
meaning  an  equivalent  diminution  in  the  Habihty  of  cholera  to  spread. 
Nevertheless,  there  are  still  many  localities  in  this  country  in  which,  owing 
to  the  supineness,  in  the  past,  of  the  Sanitary  Authorities  presiding  over  them, 
cholera  would  most  undoubtedly  cause  havoc  if  it  should  unhappily  gain 
access  to  them.  Moreover,  we  cannot  count  upon  '  other  things  being  equal.' 
There  is  cholera  and  cholera,  and  the  chance  of  its  obtaining  a  foothold  with 
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tis  must  doubtless  largely  depend  upon  the  amount  and  the  type  of  the  cholera 

sent  to  our  shores.  To  illustrate  the  point,  it  may  be  mentioned  that  any 
person  who,  in  view  of  our  prolonged  immunity  from  influenza,  had  inferred 
our  permanent  freedom  from  that  malady,  would  during  the  last  three  years 
have  had  a  somewhat  rude  awakening.  Of  course  there  are  vast  differences 
between  influenza  and  cholera,  but  the  biological  factor  has  to  be  reckoned 
with  as  regards  both,  though  no  doubt  it  counts  for  less  in  respect  to  the 
spread  of  the  latter  than  the  former  disease. 

Neither  must  any  abatement  of  cholera  in  Europe  during  the  winter 
of  1892-93  be  taken  as  meaning  the  end  of  our  danger.  On  the  contrary, 
reference  to  the  behaviour  of  European  cholera  in  the  past  gives  abundant 
grounds  for  anticipating  that  it  will  almost  certainly  reappear  upon  the 
Continent  in  the  spring,  and  attain,  probably,  a  far  wider  prevalence  there 
than  it  has  done  during  the  summer  of  1892.  If  such  should  unfortunately 
turn  out  to  be  the  case,  we  shall  have  to  defend  ourselves  against  imported 
cholera  from  a  number  of  different  ports,  and  for  a  period  of  many  months. 
And  it  must  be  remembered,  then,  that  no  system  of  quarantine  or  of  medical 
inspection  can  be  safely  rehed  upon  to  keep  out  the  disease,  and  that  the 
only  true  safeguard  is  to  be  found  in  pure  water-suppUes,  efficient  methods 
•  of  excrement  and  refuse  disposal,  and  wholesome  conditions  of  life  generally. 


EPIDEMIC  DIAEEHCEA 


Synon. :  Choleraic  Diarrhcea ;  English  Cholera  ;  Cholera  Nostras;  Infantile 
Cholera;  Muco ■  enteritis ;  Gastro-enteritis  ;  Dysenteric  Diarrho&a  ;  Alvus 
soluta ;  Defiuxio.  Fr.  DiarrMe,  Cours  de  ventre  ;  Ger.  Diirchfall ; 
It.  Diarrea. 

Diarrhcea,  in  the  sense  of  a  mere  flowing  from  the  bowels,  may  be  simply 
a  physiological  process — the  natural  reaction  of  the  healthy  bowel  against 
obnoxious  contents.  Again,  it  may  be  due  to  nervous  influences,  or  be  symp- 
tomatic of  various  morbid  conditions  of  one  or  other  of  the  internal  organs  ; 
and  sometimes  it  is  compensatory,  or  '  vicarious.'  But  there  are  now  abundant 
grounds  for  the  view  that  the  diarrhoea  which  so  conspicuously  sweUs  the 
mortality  returns  is  of  quite  another  sort,  and,  indeed,  belongs  essentially 
to  the  category  of  epidemic  diseases.  This  has  for  some  years  been  recog- 
nised by  the  Eegistrar-General,  who  includes  diarrhoea  among  his  '  Principal 
Zymotic  Diseases.'  The  Eoyal  CoUege  of  Physicians  also  classifies  '  Epidemic 
Diarrhoea '  along  with  '  Specific  Febrile  Diseases.' 

This  view  of  the  nature  of  diarrhoea  was  based  in  the  first  instance  upon 
the  broad  analogies  between  diarrhoea,  regarded  in  a  comprehensive  manner, 
and  other  epidemic  diseases.  Thus,  diarrhoea  affects  large  numbers  of  persons 
at  the  same  time  and  place  ;  it  displays  a  very  decided  affinity  for  certain 
populous  localities  (indeed,  so  marked  is  this  circumstance  as  to  have  led  the 
Eegistrar-General  to  frequently  refer  to  certain  towns  as  diarrhoeal  towns) ; 
and  it  is  influenced  in  a  remarkable  degree  by  season.^ 

But  the  more  recent  researches  of  Drs.  Ballard  and  Klein  have  now  esta- 
bhshed  the  title  of  diarrhoea  to  be  regarded  as  an  epidemic  disease.   Apart  from 

'  The  seasonal  rise  in  the  diarrhcea  mortality,  inasmuch  as  it  occurs  during  the  height 
of  the  summer,  has  often  been  attributed  to  the  eating  of  fruit.  This,  however,  can 
hardly  be  the  true  explanation,  since  the  mortality  from  summer  diarrhcea  falls  mainly 
upon  the  children  under  one  year  of  age.  Such  children  do  not,  as  Dr.  Longstaff 
remarks,  eat  extensively  of  fruit,  and  this  cause  could  therefore  only  be  thought  of  as 
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the  more  detailed  points  of  agreement  between  it  and  other  epidemic  diseases,, 
in  the  matter  of  epidemiological  features,  which  may  be  gathered  from  the 
summary,  about  to  follow,  of  Dr.  Ballard's  Eeport,^  these  observers  have 
conclusively  shown  that  diarrhoea  is  marked  out,  both  by  its  symptoms  and. 
pathology,  as  a  general  disease,  of  which  the  diarrhoea  is  but  one  of  its  several 
manifestations.  In  addition  to  certain  changes  in  the  alimentary  canal  which 
might  have  been  anticipated,  decided  changes  were  invariably  found  after 
death  in  other  organs,  notably  the  kidneys,  liver,  and  lungs.  Indeed,  Dr- 
Ballard  remarks  that  '  in  the  bodies  examined  there  were  marked  pathological 
changes,  not  only  in  the  intestines,  but  in  all  the  viscera  ;  and  not  alone  in 
the  viscera  of  protracted  cases,  but  in  those  of  infants  the  total  duration  of 
whose  illness  had  not  exceeded  twelve  or  fourteen  hours.' 

In  studying  the  symptomatology  of  diarrhoea,  Dr.  Ballard  and  Mr.  Power 
personally  inquired  into  340  fatal  cases  at  Leicester  during  the  summers  of 
1881  and  1882. 

The  '  leading  phenomena '  of  the  disease  Dr.  Ballard  describes  as 
'  diarrhoea,  vomiting,  convulsive  phenomena  ;  a  bodily  temperature  at  certain 
periods  above,  at  other  periods  below  what  is  normal ;  reduction  in  quantity 
or  actual  suppression  of  urine,  embarrassed  breathing,  and,  where  looked  for, 
commonly  physical  indications  of  pulmonary  hyperemia  or  inflammation, 
pallor  of  surface  of  the  body,  loss  of  bulk  and  flesh,  and  exhaustion,  with  its. 
various  well-knovni  clinical  features.  I  must  add,  that  occasionally  there- 
is  jaundice.     Now  and  then  a  (fugitive)  rash  has  been  observed  on  the  body.' 

Dr.  Ballard's  more  detailed  remarks  upon  these  symptoms  should  be 
studied  in  his  report.  It  may,  however,  here  be  mentioned  that,  while- 
stating  that  diarrhoea  is  most  frequently  '  the  predominant  symptom,, 
he  says  :  '  I  may  here  state  my  strong  suspicion,  almost  my  belief,  that 
the  malady  usually  characterised  by  diarrhoea  may  run  its  course  from 
first  to  last,  and  even  to  death,  without  any  remarkable  diarrhoea  at  all.  In^ 
other  cases,  although  diarrhoea  occurs,  it  is  by  no  means  the  prominent 
symptom  of  the  disorder ;  it  may  be  comparatively  of  trifling  amount  or  of  short, 
duration.'  As  regards  vomiting,  he  points  out  that  'in  only  43  out  of  326  fatal 
cases  occurring  in  Leicester  of  which  I  have  notes  (and  in  which  the  presence 
or  absence  of  this  symptom  is  mentioned)  was  vomiting  absent  altogether.' 

The  vomiting  usually  occurs  coincidently  with  the  diarrhoea,  but  'occasion- 
ally it  stands  alone,  perhaps  for  a  whole  day,  as  the  prominent  feature  of  the- 
attack.'  '  As  a  rule,  the  shorter  and  sharper  the  illness,  the  earlier  in  its. 
course  does  this  symptom  appear.'  Convulsions  were  present  at  some  period 
or  other  of  the  attack  in  all  but  a  small  percentage  of  these  fatal  cases. 
They  were  mostly  regular  '  fits,'  but  in  about  a  fifth  of  the  cases  they  con- 
sisted of  one  or  other  of  the  well-known  minor  convulsive  phenomena  of 
children.  With  respect  to  the  convulsions.  Dr.  Ballard  remarks  that  '  there 
is  reason  to  regard  them  not  only  as  one  of  the  most  important  phenomena 
of  the  malady,  but,  when  occurring,  as  they  mostly  do  occur,  late  in  the 
illness,  as  indicating  (and  probably  then  as  often  due  to)  an  uraemic  condi- 

operating  in  a  wholesale  way,  '  througli  the  maternal  organism,  which  is  possible,  though 
not  in  ahigh  degree  probable.'  Another  objection  to  the  theory  is,  that  in  the  rural  districts, 
where  the  eating  of  fruit  might  be  expected  to  be  at  a  maximum,  the  diarrhoea  mortality 
is  at  a  minimum.  Similarly,  the  increased  summer  mortality  has  been  attributed  solely  to 
atmospheric  heat.  It  was,  however,  some  time  ago  pointed  out  by  Sir  George  Buchanan 
that  a  high  temperature  during  the  second  quarter  of  the  year  does  not  give  rise  to  the 
typical  annual  epidemic,  and,  as  will  be  seen  later,  it  has  now  been  shown  by  Dr.  Ballard 
that  atmospheric  heat  alone  does  not  suffice  as  a  cause  of  the  increased  mortality. 

'  Supplement  in  continuation  of  the  Beport  of  the  Medical  Officer  of  the  Local  Govern- 
ment  Board  for  1887. 
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tion,  the  result  of  the  kidney  affection  invariably  present  in  these  cases.  The 
■comatose  condition  in  which  the  patient  often  dies  appears  also  as  a  rule  due 
to  the  same  condition  of  the  blood  ;  but  in  some  cases  evidences  of  intra- 
cranial inflammation  have  been  observed.' 

In  referring  to  the  temperature  charts  published  with  his  report,  Dr. 
Ballard  says  :  '  One  important  fact  which  they  indicate,  so  far  as  my  inquiry 
is  concerned,  is  the  "algide"  character  of  the  developed  malady.  At  the 
commencement  there  appears  to  be  some  little  febrile  disturbance  ;  but 
sooner  or  later,  in  the  cases  about  to  become  fatal,  the  temperature  falls  more 
or  less  below  the  normal  range,  being  lower  in  the  morning  than  the  evening, 
and  even  then  it  mostly  fails  to  attain  a  normal  standard.  Towards  the  end 
of  a  fatal  case  the  temperature  is  apt  to  rise.  ...  In  several  cases  of  very 
short  duration,  where  the  child  is  rapidly  prostrated  with  deluging  watery 
stools,  the  temperature  falls  rapidly,  and  the  child  may  die  in  collapse.' 

In  touching  upon  the  subject  of  symptoms,  we  have  gone  somewhat  beyond 
the  scope  and  intention  of  these  papers,  but  it  seemed  necessary  to  do  so  in 
the  present  instance,  as  an  essential  part  of  the  argument  for  the  right  of 
diarrhoea  to  rank  as  a  general  disease. 

With  respect  to  the  history  and  geographical  description  of  diarrhoea 
little  need  be  said.  The  malady  is  clearly  described  by  Hippocrates,  and 
seems  to  have  been  more  or  less  present  in  all  times  and  in  all  places.  It  has 
'been  pointed  out  by  Sir  George  Buchanan,  however,  that,  in  its  conspicuous 
epidemic  form,  diarrhoea  appears,  so  far  as  this  country  is  concerned,  to  be  a 
-comparatively  modern  phenomenon — at  least,  judging  from  the  old  BiUs  of 
Mortality. 

Mortality. — The  English  mortality  from  •'  diarrhoea  and  dysentery  '  year 
by  year  from  the  commencement  of  registration  will  be  found  in  the  following 
table,  compiled  from  the  Eegistrar-General's  Annual  Reports : — 
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1838 
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1840 

4,097 

260 
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20,813 
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1841 
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6,002 
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20,775 
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- — 

— 
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1,161 
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— 

— 
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— 

— 
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— 

— 
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13,696 
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1,028 
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20,881 

1,189 
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13,504 
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1,003 

1852 
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1,117 

1879 
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1,171 
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14,536 
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15,933 
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1,189 
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1858 
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13,398 
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1,001 
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1860 
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1,002 
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12,839 
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12,156 
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15,994 

775 
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17,429 

606 
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■  1 
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1891 

13,653 
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In  connection  with  fatal  diarrhoea,  Dr.  Ballard's  report  deals  with  twa 
important  and  interesting  matters  :  1.  The  dm^ation  of  the  malady  in  fatal 
cases ;  2.  The  influence  exerted  upon  the  duration  of  the  fatal  illness  by 
previous  healthiness  or  weakliness. 

1.  It  appears  that  the  malady  may  be  fatal  in  a  few  hours,  or  may  linger 
for  three,  four,  or  even  six  or  eight  weeks.  Of  the  340  fatal  cases  observed 
at  Leicester  in  the  epidemic  periods  of  the  years  1881  and  1882,  about  one- 
half  were  fatal  in  less  than  a  week  ;  about  one-quarter  in  between  one  and 
two  weeks  ;  between  an  eighth  and  ninth  before  the  end  of  the  third  week ; 
and  about  15  per  cent,  at  some  time  later  than  this.  A  further  study  of 
these  fatal  cases  shows  that  the  '  ferocity  '  of  the  malady,  as  judged  by  the 
shortness  of  the  illness,  increases  with  progress  of  the  epidemic — at  least, 
it  was  so  at  Leicester  in  the  years  1881  and  1882.  The  increase,  however, 
was  not  altogether  a  steady  increase,  but  seemed  inclined  to  occur  in  waves,. 
and  there  were  differences  in  the  increase  of  the  two  years. 

2.  The  previous  health  of  332  out  of  the  340  Leicester  cases  was  ascer- 
tained. Of  these  332,  141,  or  42-5  per  cent.,  were  recorded  healthy,  and  191, 
or  57*5  per  cent.,  either  as  weakly  from  birth  or  for  a  longer  or  shorter  time 
prior  to  their  fatal  diarrhoeal  illness.  It  would  therefore  seem  that '  infantile 
diarrhceal  mortality  is  i7i  ])art  dependent  upon  inevious  general  health.''  In. 
connection  with  age  in  these  cases,  the  figures  showed  that  the  influence  of 
previous  weakly  condition  on  mortality  was  most  conspicuous  under  nine 
months  of  age.  It  was  also  found  that  previous  weakliness  had  '  much  to 
do  with  the  speedy  collapse  of  the  most  rapidly  fatal  cases  and  with  the 
cases  which  have  a  duration  of  forty-eight  hours  and  under  four  days,  as 
also  with  the  fatal  cases  of  the  most  prolonged  duration — i.e.  three  weeks 
and  upwards.' 

But  when  the  proportion  of  weakly  to  healthy  children  fatally  attacked 
at  different  periods  of  the  epidemic  seasons  of  1881  and  1882  came  to  be 
studied,  it  was  found  that  the  weakly  were  by  no  means  specially  attacked 
during  the  early  periods.  On  the  contrary,  the  evidence  went  rather  to  indi- 
cate that  '  weakly  children  require  a  longer  exposure  to  the  epidemic  cause, 
whatever  that  may  be,  than  healthy  children.' 

Influence  of  Sex. — The  incidence  of  the  disease  appears  to  be  greater- 
upon  children  of  the  male  sex  at  all  ages  from  birth  upwards.  The 
mortality  is  greater  for  males  in  infancy  and  old  age,  but  usually  rather 
greater  for  females  from  the  second  or  third  to  about  the  fiftieth  year.  At 
all  ages  together  it  is  greater  for  males,  doubtless  owing  to  the  larger  number 
of  males  living  during  the  early  period  of  life. 

Influence  of  Age. — As  regards  age  in  relation  to  attach,!)^.  Ballard  finds 
that  '  the  actual  incidence  upon  age  (by  which  term  wherever  it  is  used  is 
signified  relation  to  the  population  living  at  the  several  ages)  is  chiefly  upon 
children  under  five  years  of  age,  and  of  these  most  upon  those  under  two 
years. 

'  After  five  years  of  age  the  actual  incidence  lessens  remarkably,  and  is 
least  between  the  ages  of  five  and  twenty-five  years,  after  which  it  gradu- 
ally increases. 

'  Among  children  under  five  years  of  age  the  incidence  is  comparatively 
small  upon  those  under  three  months,  after  which  age  it  apparently  kicreases  ; 
beginning  to  lessen  somewhere  between  the  ages  1-2  years.'  The  incidence 
upon  age,  however,  varies  in  different  years,  and  it  appears  that  '  in  years  of 
greater  general  prevalence  the  increased  prevalence  is  more  obvious,  on  the 
whole,  upon  those  over  five  years  of  age  than  upon  those  under  five  years.' 

The  large  majority  of  the  diarrhoea  deaths  occurs  during  the  first  year  of 
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life,  the  second  three  months  of  that  year  having  the  highest  mortahty. 
After  the  second  year  the  deaths  are  few,  and  gradually  diminish  mitil  the 
twentieth  year,  when  they  again  steadily  rise  throughout  the  remainder  of 
Hfe. 

Influence  of  Season. — The  influence  of  season  on  London  diarrhoea 
mortality  is  shown  in  the  curve  here  given,  which  is  taken  from  the  Registrar- 
General  in  his  Annual  Summary  for  1890.  The  curve  represents  the  actual 
average  number  of  deaths  each  week,  and  is  based  on  the  diarrhoea  deaths 
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registered  in  London  during  the  fifty  years,  1841  to  1890.  It  appears  from 
the  curve  that  the  conspicuous  rise  in  the  London  mortality  corresponds  in 
point  of  time  with  the  conspicuous  rise  in  prevalence  as  shown  in  a  case- 
table  given  by  Dr.  Ballard,  and  the  maximum  is  attained  in  the  same  four- 
weeks  period. 

Cause  and  Dissemination, — The  provisional  results  of  Dr.  Ballard's  inquiry 
into  the  causation  of  diarrhoea  may  be  summarised  as  follows  : — 


A.  Geneeal  Conditions 

Atmospheric  Temperature.— k  high  atmospheric  temperature  conduces  to 
diarrhoeal  mortality,  but  it  operates  indirectly,  and  is  not  the  main  cause. 

Temperattire  of  the  Earth, — This  is  a  far  more  important  condition.  Dr. 
Ballard  '  made  for  London  and  many  other  towns  in  the  kingdom  a  large 
number  of  charts,  showing  week  by  week  for  many  years  the  earth  temperature 
at  a  depth  of  one  foot  from  the  surface  and  at  a  depth  of  four  feet  from  the 
surface,  each  chart  showing  also  the  diarrhoeal  mortality  of  the  corresponding 
weeks.' 

The  general  results  shown  by  these  charts  are  stated  as  follows  :— 

'  a.  The  summer  rise  of  diarrhoeal  mortality  does  not  commence  until  the 
mean  temperature  recorded  by  the  4 -foot  earth  thermometer  has  attained 
somewhere  about  56°  Fahr.,  no  matter  what  may  have  been  the  temperature 
previously  attained  by  the  atmosphere  or  recorded  by  the  1-foot  earth 
thermometer. 
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'  b.  The  maximum  diarrhoeal  mortality  of  the  year  is  usually  observed  in 
the  week  in  which  the  temperature  recorded  by  the  4-foot  earth  thermometer 
attains  its  mean  weekly  maximum. 

'  c.  The  decUne  of  the  diarrhoeal  mortality  is  in  this  connection  not  less 
instructive,  perhaps  more  so,  than  its  rise.  It  coincides  with  the  dechne  of 
the  temperature  recorded  by  the  4-foot  earth  thermometer,  which  tempera- 
ture declines  very  much  more  slowly  than  the  atmospheric  temperature,  or 
than  that  recorded  by  the  1-foot  earth  thermometer  ;  so  that  the  epidemic 
mortality  may  continue  (although  declining)  long  after  the  last-mentioned 
temperatm-es  have  fallen  greatly,  and  may  extend  some  way  into  the  fourth 
quarter  of  the  year. 

'd.  I  do  not  wish  it  to  be  inferred  that  the  atmospheric  temperature,  and 
the  temperature  of  the  more  superficial  layers  of  the  earth,  exert  no  influence 
on  diarrhoea.  Their  influence,  however,  is  httle,  if  at  all,  apparent  until  the 
temperature  recorded  by  the  4-foot  earth  thermometer  has  risen  as  stated 
above.     Then  their  influence  is  apparent,  but  it  is  a  subsidiary  one.' 

Bainfall  exerts  an  influence  upon  diarrhoeal  mortality,  but  probably  an 
indirect  one,  through  its  influence  on  the  temperature  of  the  soil. 

Air -movement  also  influences  diarrhoeal  mortality,  wind  lessening,  and 
calm,  in  the  diarrhoeal  season,  promoting  it. 

B.  Conditions  of  Locality 

Elevation  above  sea-level  has  some  influence,  but  by  no  means  a  con- 
trolling one.  Indeed,  it  seems  to  influence  diarrhoeal  mortaHty  *  only  in  so 
far  as  it  affects  infant  mortahty  from  all  causes  together.' 

Soil  seems  to  have  a  decided  influence,  and  this  is,  apparently,  largely  a 
matter  of  porosity.  Of  whatever  nature  the  soil,  the  more  loose  and  porous 
it  is,  the  more  conducive  to  diarrhoeal  mortaHty.  Hence,  sand  and  mould 
most  favour  diarrhoea.  "Where  the  houses  are  built  upon  soHd  rock  the 
diarrhoea  mortality  is  low.  Organic  fouling  of  the  soil,  whether  excremental 
or  vegetable,  is  distinctly  favourable  to  a  high  diarrhoeal  mortality.  Persons, 
therefore,  hving  upon  soil  polluted  by  leaking  sewers,  drains,  or  cesspools,  or 
upon  '  made  soil,'  or  the  site  of  market-gardens,  are  apt  to  suffer  from  a  high 
diarrhoeal  mortality.  Even  persons  living  upon  rock  are  hable  to  suffer  more 
from  diarrhoea  if  the  rock  is  much  fissured  than  if  such  is  not  the  case,  owing 
apparently  to  the  opportunities  for  the  accumulation  of  filth  in  the  fissures. 

Both  excessive  wetness  and  excessive  dryness  of  soil  seem  to  lessen 
diarrhoeal  mortahty,  but  a  moderate  dampness  of  soil  favours  it — i.e.  '  an 
amount  of  habitual  dampness  which  is  decided,  although  not  sufiicient  to 
preclude  the  free  admission  of  air  between  the  constituent  physical  elements 
of  the  soil.' 

Density  of  population  favours,  and  the  reverse  condition  disfavours, 
diarrhoeal  mortahty.  This  is  seen  by  a  general  comparison  of  the  '  diarrhoeal ' 
towns  of  various  sizes,  and  by  a  comparison  of  that  of  the  more  and  less 
crowded  parts  of  the  same  towns.  The  influence  of  aggregation,  although 
observable  upon  infant  mortality  from  other  causes,  is  most  noticeable  with 
respect  to  diarrhoea.  It  is,  however,  probably  less  direct  than  in  the  case  of 
measles  or  scarlet  fever. 

Density  of  biiildings  {ivhether  dwelling-houses  or  others)  upon  area,  as 
in  factory  towns,  appears  to  favour  diarrhoeal  mortality,  and  '  it  is  probable 
that  this  difference  of  density  of  buildings  upon  area  is  one  of  the  circum- 
stances which  have  to  do  with  the  difference  of  diarrhoeal  mortahty  between 
large  and  small  towns.' 
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Bestrictions  of,  and  impediments  to,  the  free  circulation  of  air,  whether 
•about  or  withm  dweUings,  promote  diarrhoeal  mortaUty.  As  an  instance  of 
the  latter  case,  'back-to-back'  houses  are  particularly  objectionable. 

Domestic  darkness  and  general  dirtiness  within  dwellings,  as  toell  as  filthy 
■accumulations  of  domestic  refuse  in  privies,  ashpits,  dustbins,  &c.,  are  con- 
ducive to  diarrhoeal  mortality. 

Seioer  and  cesspool  emanations,  '  especially  in  a  concentrated  form  and 
suddenly  let  loose,  may  occasion  attacks  of  fatal  diarrhcsa.'  They  may,  pro- 
bably, also  cause  a  diarrhoeal  epidemic  in  a  non-diarrhoeal  season,  and  hence  in 
-all  likelihood  operate  in  a  similar  fashion  in  the  diarrhoea  season. 

Mere  coal  smoke,  and  emanations  from  chemical  works,  seem  without 
special  influence. 

Undefined  polluted  conditions  of  drinking-water  at  times  seem  to  cause 
-epidemic  diarrhoea,  but  there  is  at  present  no  evidence  that  water-pollution 
plays  a  prominent  part  in  the  causation  of  the  annual  infantile  diarrhoea 
mortality  of  this  country. 

C.  Conditions  Eelating  to  Population 

Social  Position. — Diarrhoea  mortality  is  notoriously  greatest  among  the 
lower  classes.  This,  however,  is  the  case,  and  even  to  a  greater  extent,  with 
mortality  from  other  causes. 

Food,  no  doubt,  is  concerned  with  the  prevalence  of  epidemic  diarrhoea, 
though  probably  not,  as  generally  supposed,  by  reason  of  its  causing  ordinary 
dyspepsia,  but  owing  to  its  contamination  with  some  substance,  '  which  sub- 
stance is  by  itself  an  efficient  cause  of  the  malady.' 

a.  As  regards  the  influence  of  the  mode  of  feeding  young  infants.  This 
was  especially  studied  for  Dr.  Ballard  by  Dr.  Hope,  the  Assistant  Medical 
Officer  of  Health  for  Liverpool,  the  general  result  of  whose  inquiries  closely 
coincide  with  previous  medical  opinion  on  the  subject.  They  are  expressed 
by  Dr.  Ballard  as  follows  : — 

*  1.  That  infants  fed  solely  from  the  breast  are  remarkably  exempt  from 
■fatal  diarrhoea,  even  among  the  low-class  Irish,  the  degree  of  exemption 
being  exactly  the  same  among  the  Irish  as  among  the  English  and  other 
races  in  his  city. 

'  2.  That  infants  fed  in  whatever  way  with  artificial  food,  to  the  exclusion 
of  breast-milk,  are  those  which  suffer  most  heavily  from  fatal  diarrhoea. 

*  3.  That  children  fed  partially  at  the  breast,  and  partially  with  other 
kinds  of  food,  suffer  to  a  considerable  extent  from  fatal  diarrhoea,  but  very 
much  less  than  those  who  are  brought  up  altogether  by  hand. 

'  4.  As  respects  the  use  of  "  the  bottle,"  that  it  is  decidedly  more  danger- 
ous than  artificial  feeding  without  the  use  of  the  bottle.' 

b.  Food  stored  in  dark,  iU-ventilated  places,  and  exposed  to  telluric  or  other 
unwholesome  emanations,  probably  becomes  liable  to  cause  diarrhoea. 

Mater^ial  neglect  conduces  to  infant  mortality  from  diarrhoea.  Thus,  the 
mortality  among  illegitimate  infants  is  greater  than  that  among  the  legiti- 
mate from  all  causes,  but  the  increase  is  rather  greater  in  the  case  of 
diarrhoeal  mortality  than  of  that  from  other  causes.  This,  however,  is  only 
observable  in  years  of  low  epidemicity — '  the  presumably  less  potent  or  less 
abundant  specific  cause  (in  such  years)  operates  fatally  more  easily  on  the 
illegitimate  than   on  the  better  cared-for  class  of  infants.'     But  in  highly 

'  epidemic  years  the  illegitimate  seem  to  be  the  earliest  to  suffer. 

The  occupation  of  females  from  home,  as  conducing  to  neglect  and  artificial 

.feeding  of  infants,  promotes  diarrhoeal  mortality. 
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The  propositions  provisionally  fornmlated  by  Dr.  Ballard  with  respect  to 
diarrhcBa  causation  will  be  found  on  page  366,  vol.  i.,  and  therefore  need 
not  be  repeated  here. 

Diarrhoea  is  sometimes  highly  infectious,  the  infection  apparently  being 
associated  with  the  bowel  discharges  of  the' patients.  An  account,  by  Dr.  E. 
Bruce  Low,  of  four  particularly  interesting  and  instructive  outbreaks  of 
communicable  diarrhoea  of  this  sort  will  be  found  in  the  appendix  to  Dr.. 
Ballard's  report. 

Relation  to  other  Diseases. — The  question  as  to  the  kinship  of  diarrhoea 
and  cholera  has  been  considered  in  the  section  on  the  latter  disease. 

The  analogies  between  diarrhoea  and  scarlet  fever  are  interesting,  and 
deserving  of  careful  attention  and  study.  They  are  thus  referred  to  by 
Dr.  BaUard  :— 

'As  in  scarlet  fever,  so  in  "diarrhoea,"  the  condition  of  the  kidneys  is 
an  essential  element  in  the  disorder,  and  the  uraemia  observable  in  the 
one  disease  finds  its  analogue  in  the  other.  From  this  view-point  the 
intestinal  lesions  in  diarrhoea  may  be  but  the  analogue  of  the  sMn  eruption 
in  scarlatina.  That  the  one  disease  is  notoriously  communicable  from  one 
person  to  another,  while  the  other  is  usually  regarded  as  non-communicable, 
goes  for  httle  as  an  argument  against  such  analogy,  since,  on  the  one  hand, 
very  many  outbreaks  of  scarlatina  (namely,  those  of  milk  origin)  seem  to- 
have  hardly  any  such  communicable  quahty,  and,  on  the  other  hand,  com- 
municabihty  is  a  quahty  not  unknown  among  cases  of  epidemic  diarrhoea. 
In  both  diseases  it  is  from  the  cutaneous  or  quasi- cutaneous  (mucous)  surface 
chiefly  impHcated  that  the  contagious  principle  gets  abroad — viz.  the  skin- 
and  throat  surfaces  in  scarlatina,  and  the  intestinal  mucous  surface  in 
"  diarrhoea."  ' 

The  question  of  a  possible  relationship  between  diarrhoea  and  enteric 
fever  needs  also  to  be  kept  in  view. 

Period  of  Incubation. — Judging  from  Dr.  Bruce  Low's  cases  of  com- 
municable diarrhoea,  the  period  of  incubation  appears  to  be  very  short — on 
an  average,  ten  to  twelve  hours. 


MALAEIAL  DISEASE 


Synon. :  Ague  ;  Intermittent  Fever ;  Bemittent  Fever  ;  Bilious  Bemittent 
Fever  ;  Paludal  Fever  ;  MiasmaMc  Fever.  Fr.  Fievre  Aigue,  Fievre 
Paludeenne,  Fievre  Bemittente  ;  Ger.  Wechselfieber,  Bosartiges  endem- 
isches  Fieher ;  Ital.  Febbre  Inter mittente,  Febbre  Bemittente. 

Malarial  disease,  being  intimately  associated  with  conditions  of  soU,  has 
already  been  dealt  with  as  regards  its  etiology  and  the  measures  necessary 
for  its  prevention,  by  Dr.  Copeman,  in  the  first  volume  of  this  work.  As 
regards  bacteriology,  it  has  also  been  dealt  with  by  Dr.  Klein.  There  are, 
however,  still  certain  points  of  interest  which  may  be  referred  to  here. 

It  will  be  observed,  of  course,  that  the  synonyms  given  above  do  not  all 
apply  to  clinically  identical  manifestations,  and  it  is  regarded  by  some  as  not 
unlikely  that  bacteriology  may  ultimately  establish  '  specific '  distinctions 
between  the  conditions  represented  by  certam  of  them,  such  as  intermittent 
and  remittent  fever.  Indeed,  functional  and  even  slight  morphological 
differences  are  already  said  to  have  been  observed  among  the  microbes  which 
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appear  to  stand  in  causal  relation  to  the  various  forms  of  malarial  fever. 
It  must,  however,  be  remembered  that  such  differences,  instead  of  indicating 
'  specific '  distinctions  among  the  micro-organisms  in  question,  may  but 
represent  different  phases,  normal  or  developmental,  in  the  life-cycle  of 
one  and  the  same  species  of  organism  ;  and  that  such  is  actually  the 
case  seems  to  be  the  inference  suggested  by  epidemiological  evidence.  The 
several  forms  of  malarial  disease  are,  therefore,  here  regarded  as  varieties 
of  the  same  malady,  differing  mainly  in  degree  of  mahgnancy. 

As  regards  history,  clear  record  of  malarial  illness  is  found  in  the  medical 
writings  of  antiquity,  but  the  fuller  accounts  of  the  disease  seem  to  date  from 
the  sixteenth  century.  In  its  distribution  malarial  disease  still  covers  an, 
enormous  area  of  the  world's  surface,  though  it  is  far  more  prevalent  and 
intense  in  the  tropical  and  sub-tropical  than  in  the  temperate  countries  ;  and. 
it  does  not,  apparently,  extend  at  all  beyond  the  limits  of  63°  N.  and  57°  S. 
*  Covering  a  broad  zone  on  both  sides  of  the  equator,  the  malarial  diseases 
reach  their  maximum  of  frequency  in  tropical  and  sub-tropical  regions. 
They  continue  to  be  endemic  for  some  distance  into  the  temperate  zone,  with, 
diminishing  severity  and  frequency  towards  the  higher  latitudes.  .  .  .'  ^ 

Space  does  not  permit  of  a  detailed  account  of  the  distribution  of  malaria 
being  given  here,  and  for  particulars  on  this  point  the  reader  must  be- 
referred  to  Hirsch  and  other  authorities.  The  main  features  of  its  present 
distribution,  however,  seem  to  be  as  follow : — It  is  widely  prevalent,  and  in 
a  virulent  form,  in  tropical  Africa,  especially  on  the  west  coast.  It  is  also 
prevalent  in  Algiers  and  in  parts  of  Egypt,  as  the  Nile  valley.  In  Asia  it  is 
conspicuously  present  throughout  India,  Ceylon,  China,  Afghanistan,  Persia, 
Arabia,  and  Syria  ;  in  the  Western  Hemisphere,  the  "West  Indies,  Brazil, 
Peru,  the  coast  of  the  Gulf  of  Mexico,  and  the  southern  and  central  parts  of 
the  United  States.  In  Europe  it  is  most  severely  prevalent  in  Italy,  but 
occurs  to  a  greater  or  less  extent  in  every  country  except  the  Faroe  Islands 
and  Iceland.  Great  Britain  in  the  present  day  suffers  but  little,  though  the 
disease  still  Hngers  in  the  counties  on  the  east  coast — notably  in  the  fen 
districts  of  Lincolnshire,  Norfolk,  Huntingdon,  and  Cambridge  ;  but  even 
in  these  localities  it  has  of  late  almost  disappeared.  In  Ireland  it  is  but  very 
slightly  present,  and  Scotland  is  almost,  if  not  entirely,  free  from  it. 

Although,  as  has  been  said,  malaria  is  most  prevalent  and  most  mahg- 
nant  in  tropical  and  sub-tropical  countries,  yet  among  such  countries  certain 
districts  are  far  more  malarious  than  others,  while  some  enjoy  a  complete 
exemption  in  this  respect.  As  regards  India,  for  instance,  the  Presidency  of 
Madras  suffers  much  less  than  those  of  Bengal  and  Bombay.  On  the  West 
Coast  of  Africa,  according  to  Hirsch,  malaria  becomes  less  severe  from  Cape 
Lopez  southwards,  and  this  exemption  '  becomes  more  and  more  marked  the 
nearer  we  approach  the  Cape  of  Good  Hope,  which  itself  enjoys,  along  with 
St.  Helena,  an  almost  complete  immunity  from  the  endemic  fever.'  For 
instances  of  other  important  immunities.  New  Zealand  and  Tasmania  are 
said  to  be  completely,  and  Australia  almost  completely,  exempt. 

As  might  be  expected  of  a  malady  presumably  caused  by  micro-organisms 
that  are  largely  saprophytic,  malarial  disease  is,  perhaps,  more  than  almost 
any  other  disease  of  the  class  under  consideration,  entitled  to  be  described  as 
'  endemic'  Yet  it  is  a  point  of  great  interest  that  even  this  disease  has  at 
times  exhibited  decided  epidemicity,  extending  to  localities  in  which  it  is  not 
usually  met  with.  This  circumstance  raises  the  question  whether  in  such 
epidemic  extension  there  is  actual  transport  of  the  malarial  organism  beyond 
its  ordinary  endemic  areas,  or  whether  the  exceptional  appearance  of  the  disease- 

*  Hirsch,  op.  cit.,  i.  197. 
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in  localities  not  ordinarily  prone  to  it  may  not  be  consequent  upon  the  ac- 
quirement of  pathogenicity  there  by  organisms  which  are  usually  benign — as 
a  result,  of  course,  of  exceptional  conditions,  meteorological  or  other.  Or  a  third 
hypothesis  might  be  suggested,  to  the  effect  that  the  exceptional  conditions 
referred  to  operate  indirectly  by  increasing  the  susceptibility  of  individuals, 
and  thus  rendering  them  vulnerable  to  attack  by  organisms,  indigenous  to 
the  neighbourhood,  but  not  usually  pathogenic.  The  fact,  however,  that 
some  districts,  which  up  to  a  certain  time  have  enjoyed  immunity  from 
malarial  disease,  such  as  Eeunion  and  Mauritius,  have  subsequently  become 
endemic  centres  of  that  malady,  might  be  quoted  as  suggestive  of  the  trans- 
portation of  the  organism.  It  seems  to  have  been  shown  by  Dr.  Salisbury  that 
the  malaria  organism  may  be  transported  from  place  to  place  in  soil  ;  and 
Sawyer  records  that  while  living  in  a  malarious  part  of  Illinois  he  '  visited  a 
friend  at  Milton,  Mass.,  and  fell  ill  of  intermittent  fever.  The  lady  of  the 
house,  who  interested  herself  greatly  on  the  patient's  account,  and  who  had 
never  seen  a  case  of  ague  before,  had  a  slight  aguish  attack  of  fever  and  chiU 
on  the  fifth  day,  with  gastric  disturbance ;  but  she  set  aside  the  idea  that  she 
could  possibly  be  ill  of  ague,  as  the  disease  was  quite  unknown  in  Milton,  or 
occurred  only  now  and  then  in  imported  cases.  However,  she  had  a  more 
severe  attack  the  day  after,  and  on  the  ninth  day  the  first  pronounced  parox- 
ysm of  ague  occurred,  and  with  that  all  doubt  as  to  the  nature  of  the  disease 
vanished.' '  This  ca.se  is  at  least  suggestive  of  the  conveyance  of  malaria  in 
clothing,  or  even  of  direct  infection  from  case  to  case.  And  the  fact  that 
malarial  disease  did  not  become  prevalent  in  Eeunion  until  some  three  years 
:after  it  had  been  epidemic  in  Mauritius,  is  consistent  with  its  having  been 
imported  there  by  persons  or  things  from  the  latter  place.  The  large  majority 
of  observers  have,  of  course,  declared  against  the  spread  of  malarial  disease  by 
infection,  and  it  may,  no  doubt,  be  concluded  that  such  a  mode  of  dissemination 
is  at  least  not  the  rule  ;  but  it  is  by  no  means  certain  that  it  never  occurs. 
In  studying  the  subject  in  future,  opportunity  should  be  taken  of  observing 
the  behaviour  of  the  disease  in  this  respect  when  it  occurs  in  epidemic  form, 
especially  beyond  the  limits  of  its  endemic  area,  as  it  would  probably  be 
under  such  circumstances  that  its  infectiousness,  if  it  exists  at  all,  would  most 
show  itself. 

As  regards  the  distribution  of  the  various  forms  of  malarial  disease,  the 
more  severe  kinds — e.g.  the  remittents — are  most  common  in  those  tropical 
and  sub-tropical  districts  in  which  malarial  disease  generally  is  most  conspicu- 
ously endemic,  the  disease  in  temperate  climates  being  more  commonly  of 
the  less  severe  intermittent  type.  And  the  same  seems  for  the  most  part  to 
hold  good  as  regards  the  sub-varieties  of  intermittent  fever,  the  severer  forms 
with  the  short  intermissions,  such  as  the  quotidian,  forming  a  largej:  pro- 
portion of  the  cases  in  warm  than  colder  countries,  and  vice  versa.  With 
respect  to  variations  in  type  from  time  to  time,  it  appears,  according  to  Hirsch, 
that '  at  the  beginning  of  the  epidemic,  or  the  rise  of  the  endemic,  intermittent 
fevers  are  observed  almost  exclusively  ;  that  in  the  subsequent  progress  the 
cases  of  severe  sickness  become  more  and  more  numerous,  predominating  at 
ihe  height  of  the  epidemic,  again  becoming  relatively  fewer  as  the  amount  of 
rsickness  decreases ;  while  only  intermittent  forms  are  observed  at  the  close.' 

This  is  highly  suggestive  of  the  progressive  development  of  infectiousness, 
already  referred  to  in  connection  with  certain  other  epidemic  diseases,  and  is 
very  similar  to  the  rise  and  fall  of  malignancy  described  by  Dr.  Whitelegge 
.iis  characteristic  of  the  true  developmental  cycles  of  measles  and  scarlet  fever. 

'  Boston  Medical  and  Surgical  Journ.,  Dec.  1867,  p.  538.     Quoted  by  Hirsch. 
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La  several  other  respects,  also,  the  phenomena  of  malarial  disease  are  of 
special  interest  as  regards  their  possible  bearing  upon  analogous  phenomena 
in  connection  with  other  diseases.  The  chronic  character,  for  instance,  of  ma- 
larial disease,  as  evidenced  by  the  so-called  malarial  'cachexia,'  and  the  fact 
that  persons  who  have  once  suffered  from  intermittent  fever  are  liable  to  recur- 
rent attacks  years  after  they  have  left  a  malarious  neighbourhood,  seems  to 
have  its  analogue  hi  the  cases  occasionally  met  with  of  chronic  and  recurrent 
diphtheria.  The  facts,  too,  with  regard  to  protection  or  acquired  immunity 
in  malarial  disease  are  of  the  highest  interest,  and  deserving  of  special 
study  in  connection  with  the  subject  of  protection  generally.  For  heiue  we 
have  a  disease  in  which  repeated  attacks  are  common,  and,  indeed,  in  which 
one  attack  may  in  a  sense  be  said  to  increase  liability  to  another,  and  yet, 
paradoxical  as  it  may  appear,  there  is  evidence  that  the  disease  does,  to  some 
extent,  at  least,  protect  against  itself.  The  answer  to  this  seeming  contra- 
diction may  possibly  be,  that  while  one  attack  increases  liability  to  another 
attack,  i.e.  a  recrudescence,  it  nevertheless  protects  against  a  re-infection. 
The  negro  race  suffers  decidedly  less  from  malaria  than  most,  and  probably  all, 
other  races  of  mankind,  but  that  their  immunity  is  due  to  prolonged  exposure 
to  the  poison  is  suggested  by  the  alleged  fact  that  negroes  after  long  residence 
in  non-malarious  districts  have,  upon  subsequent  exposure  to  malaria,  been 
readily  attacked.  As  regards  Europeans  also,  continued  residence  in  malarious 
countries  seems  to  confer  protection  against  the  more  severe  forms  of  the 
disease.  On  the  other  hand,  it  is  the  severe  remittent  form  that,  in  unhealthy 
districts,  frequently  attacks  new-comers.  Lastly,  while  it  is  notorious  that 
repeated  attacks  of  the  milder  intermittent  form  of  the  disease  are  frequent, 
second  attacks  of  the  more  severe  remittent  form,  according  to  Maclean,  less 
often  occur,  and  persons  who  have  suffered  from  remittent  fever  shortly  after 
their  arrival  in  a  malarious  country '  are  seldom  exposed  to  second  attacks  '  [of 
remittent  fever]. 

In  the  above  facts  we  may,  perhaps,  see  illustration  of  the  establishment 
and  repeated  renewal  of  protection  by  small  doses  of  the  virus,  and  also 
evidence  of  relation  between  the  permanency  of  protection  and  the  dose  or 
quality  of  the  virus. 

As  regards  sex-  and  age-influence,  males  appear  to  suffer  more  frequently 
than  females,  but  this  may  be  due  to  increased  opportunities  for  infection. 
No  age  is  exempt,  but  attacks  are  least  frequent  among  the  very  young  and  the 
old.  Sir  Thomas  Watson,  however,  quotes  a  case  from  Dr.  Eussell's  'History 
of  Aleppo,'  in  which  a  '  woman  had  tertian  ague,  which  attacked  her,  of 
course,  every  other  day,  but  on  the  alternate  days,  when  she  was  well  and 
free,  she  felt  the  child  [in  utero]  shake  ;  so  that  they  both  had  tertian  ague, 
only  their  paroxysms  happened  on  alternate  days.' 

Although  in  localities  in  which  malaria  is  endemic  the  disease  occurs  in 
any  season  of  the  year,  its  prevalence  yet  appears  everywhere  to  be  largely 
regulated  by  season,  though  the  particular  time  of  year  in  which  it  is 
most  common  varies  in  different  climates.  Thus,  in  temperate  regions, 
according  to  Hirsch,  it  seems  to  have  two  maxima,  one  in  the  spring,  and 
another  in  the  autumn,  the  latter  one  being  the  more  important.  In  the 
warmer  climates,  where  malaria  is  more  rife,  the  maximum  is  in  the  late 
summer  and  early  autumn,  the  spring  maximum  of  the  temperate  cHmate 
practically  disappearing ;  lastly,  in  the  most  malarious  districts  in  the  tropics 
the  maximum  prevalence  is  during  and  towards  the  close  of  the  rainy 
season. 

Malaria  may,  without  doubt,  be  conveyed  by  air-currents,  but  for  what 
distances  is  uncertain.     Parkes  considered  that  the  distance  is  seldom  greater 
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than  one  or  two  miles,  and  that  it  was  to  be  doubted  whether  '  belief  in 
transference  of  malaria  by  air-currents  for  ten,  twenty,  or  even  100  miles  is 
correct.'  In  any  case,  its  conveyance  by  air  is,  to  a  large  extent,  arrested  by 
belts  of  trees  and  sheets  of  water.  On  the  other  hand,  '  when  favoured  by 
ravines  and  currents  of  heated  air,  it  can  scale  mountains  to  a  height  which 
appears  to  differ  in  different  climates,  varying  from  four  or  five  hundred  to 
two  or  three  thousand  feet '  (Maclean :  Quain's  '  Dictionary  of  Medicine '). 

The  evidence  with  regard  to  the  spread  of  malaria  by  water  is  conflicting. 
There  is,  no  doubt,  a  very  strong  behef  in  this  mode  of  its  transmission  among 
the  inhabitants  of  malarious  districts,  and  there  certainly  would  seem  to  be 
some  evidence  in  support  of  the  view.  Probably  the  strongest  case  is  that 
recorded  by  Boudin.  In  this  case  120  soldiers  embarked  in  the  '  Argo  '  for 
transport  from  Bona,  in  Algiers,  to  Marseilles.  During  the  voyage  111  of 
them,  thirteen  of  whom  died,  suffered  from  different  forms  of  malarial  fever. 
Two  other  vessels,  carrying  between  them  680  soldiers,  also  from  Bona,  and 
arriving  at  Marseilles  the  same  day  as  the  '  Argo,'  had  no  cases  of  illness  at 
all,  and  the  only  ascertainable  difference  of  circumstance  between  the  troops 
in  these  ships  and  those  in  the  *  Argo  '  was  the  difference  of  drinking-water. 
The  latter  were  exceptionally  suppUed  with  water,  which  was  said  to  have  an 
unpleasant  smell  and  taste,  from  a  marsh  near  Bona ;  those  on  the  other  ship 
were  supphed  with  good  water.  Finally,  the  nine  soldiers  on  the  '  Argo '  who 
escaped  were  said  to  have  purchased  wholesome  water  from  the  crew  of  that 
vessel.^ 

The  incubation  period  of  malaria  would  seem,  according  to  the  evidence, 
to  vary  considerably,  but  more  extensive  data  are  required.  Fagge  gives  it 
as  usually  from  six  to  twenty  days,  but  quotes  cases  recorded  by  Maclean 
and  Hertz,  of  Amsterdam,  which  seem  to  show  that  it  may  be  as  short  as  a 
few  hours. 


EEYSIPELAS 


Synon. :  St.  Anthony's  Fire;  The  Bose.    Fv.  ErysipMe  ]  Ger.  Erysipelas, 
Bothlauf;  It.  Bisipola. 

History  and  Geographical  Distribution. — The  term  erysipelas,  as  applied 
to  spreading  inflammations  of  the  skin  accompanied  by  fever,  is  found  in  the 
•  earliest  medical  records ;  and,  indeed,  the  distinction  between  erysipelas  occur- 
ring in  association  with  wounds  and  erysipelas  (regarded  as)  occurring  inde- 
pendently of  wounds,  which  has  survived  to  the  present  day,  dates  back  to 
the  writings  of  Hippocrates. 

From  time  to  time,  however,  opinions  have  differed  widely  as  to  the 
actual  processes  which  should  be  embraced  by  the  term  erysipelas  ;  whether, 
for  instance,  it  should  include  erythema,  and  certain  inflammatory  conditions 
of  the  mucous  linings  of  the  throat,  lungs,  and  pelvic  viscera;  whether, 
also,  it  is  to  embrace  the  suppurative  inflammations  of  the  skin  and  sub- 
cutaneous cellular  tissue,  known  in  this  country  as  '  phlegmonous  erysipelas ' — 
a  point  contested  by  Volkmann  and  other  German  authorities. 

Unfortunately,  the  precise  knowledge  required  for  definitely  setting  at  rest 
some  of  these  questions  is  still  wanting,  as  will  appear  later  on. 

As  regards  geographical  distribution,  erysipelas  is  tolerably  uniform  in 
its  distribution  throughout  the  temperate  zone  of  both  hemispheres.     It  also 

'  For  further  evidence  on  the  subject  see  vol.  i.  p.  272  of  this  work. 
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occurs  with  tolerable  frequency  in  cold  countries,  as  Iceland,  the  Faroe 
Islands,  and  Greenland,  and  is  not  uncommon  in  warm  sub-tropical  lati- 
tudes. It  seems,  however,  to  be  of  decidedly  less  frequent  occurrence  in  the 
tropics,  though  there  are  accounts  of  it  at  Eeunion  ;  and  in  the  traumatic 
form,  at  least,  it  is  met  with  in  India. 

Mortality. — In  the  following  table  will  be  found  the  number  of  deaths 
.recorded  year  by  year  in  England  and  Wales  as  due  to  erysipelas  for  the 
years  1838  to  1891,  exclusive  of  the  four  years,  1843  to  1846,  for  which 
period  the  causes  of  death  were  not  abstracted  by  the  Eegistrar- General. 

TABLE  XIII. 


England  and  Wales 


Tear 


1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 


Total  deaths 


1,203 
1,140 
1,217 
1,139 
1,111 


2,050 
2,618 
2,303 
2,206 
1,998 
2,075 
1,812 
1,937 
2,245 
2,125 
1,573 
2,026 
1,954 
1,665 
1,542 
1,523 
1,920 
2,104 
1,963 


Death-rate 

per  million 

living 


81 
75 
79 
73 
70 


124 

113 

116 

100 

105 

122 

113 

83 

105 

100 

85 

78 

76 

94 

102 

95 


annual 
death-rate 
per  miUion 
living  for 
each  qtiin- 

quennial 
period 


76 


111 


97 


89 


1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 


Total  deaths 


Death-rate 

per  milUon 

living 


1,665 
1,446 
1,943 
1,854 
2,120 
2,216 
1,771 
2,027 
3,358 
3,018 
2,327 
2,077 
1,870 
1,824 
2,014 
2,314 
2,435 
2,166 
2,145 
1,996 
1,523 
1,853 
1,635 
1,209 
1,375 
1,263 


78 
69 
88 
83 
94 
97 
76 
87 
142 
126 
95 
84 
75 
72 
78 
89 
92 
81 
79 
73 
55 
67 
58 
43 
48 
43 


annual 
death-rate 
per  million 
living  for 
each  quin- 
quennial 
period 


-82 


106 


81 


83 


54 


Influence  of  Season. — Just  as  it  has  been  seen  that  erysipelas  is  apparently 
more  abundant  in  the  colder  countries  than  in  the  tropics,  so  it  is  also 
decidedly  m.ore  common,  or  at  least  more  fatal,  in  the  colder  than  in  the 
warmer  seasons  of  the  year ;  and  this  seems  to  be  true  for  all  countries  in 
which  careful  observations  on  the  point  have  been  made. 

As  regards  London  this  result  is  illustrated  in  the  mortality  curve  given 
below  (Buchan  and  Mitchell.     '  Scottish  Meteorological  Journal,'  1874-75). 

Erysipelas,  for  all  Ages  and  both  Sexes. — {London  Deaths  for  Thirty  Years,  1845-74). 
Jan.    Feb.    Marcli,   April    May     June     Jnly     Aug.     Sept.      Oct.     Nov.     Dec. 


+40E.cent.ni  I     III     IIU    III 

Hean  line, 
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With  respect  to  the  influence  of  particular  kinds  of  weather  on  erysipelas^ 
mortahty,  it  will  be  seen  by  referring  to  Dr.  Longstaff's  plate  (page  856)  that 
the  mortahty  from  erysipelas,  like  that  of  scarlet  fever,  seems  broadly  to  bear 
an  inverse  ratio  to  the  rainfall.  Cold  east  winds  have  often  been  stated  to  be 
conducive  to  erysipelas. 

Influence  of  Bace,  Sex,  and  Age. — It  has  been  alleged  that  negroes  are 
immune  against  erysipelas  ;  but  later  observations  show  that  such  is  not  the 
case,  though  perhaps  they  suffer  less  frequently  than  other  races.  With 
them  there  is  no  visible  rash,  but  fever,  swelling  (which  pits  on  pressure), 
and  subsequent  desquamation  of  cuticle.  In  the  brown  races  the  erysipe- 
latous skin  assumes  a  copper  colour. 

As  regards  sex,  it  is  usually  said  that  erysipelas  is  more  common  among" 
women  than  men.  However  it  may  be  with  respect  to  attack,  it  appears 
from  the  table  given  below  that  during  the  ten  years  1881-90  the  deaths 
at  aU  ages  from  erysipelas  in  England  and  Wales  was  greater  among  males. 

TABLE   XIV. 


Deaths  at  all  ages 

Deaths  at  subjoined  ages 

Period 

Male 

o 
1 

Total 

0-3 
Months 

3-6 
Months 

6-12 
Months 

Total 
under 
1  year 

1- 

2- 

3- 

4- 

Total 
under 
5  years 

Ten  years' 
1881-1890 

9,773 

8,878 

18,651  ' 

M.  1  455 
F. J  368 

136 
181 

71 
102 

2,690 
2,729 

152 
174 

60 
76 

30 
45 

32 
35 

2,964 
3,059 

823 

317 

173 

5,419 

i      326 

136 

75 

67 

6,023 

Deatlis  at  subjoined  a,ges— continued 

5- 

10- 

15- 

20- 

25- 

35- 

45- 

1 
55-       i         65- 

75- 

85  and 
upwards 

M.  1 120 
F.  J    97 

120 
112 

149 
169 

180 
201 

478 
462 

824 
657 

1,105 
855 

1,383            1,447 
1,046            1,199 

851 
844 

152 
177 

217 

232 

318 

381 

940 

1,481 

1,960 

2,429 

2,646 

1,695 

329 

The  table  also  gives  the  age-distribution  of  the  erysipelas  deaths  during 
the  same  years,  and  it  will  thus  be  observed  that  for  the  period  in  question 
practically  30  per  cent,  of  all  the  deaths  occurred  during  the  first  year  of  life. 
The  deaths  under  one  year  were  not  spht  up  by  the  Eegistrar-General  into 
the  three  sub-periods  shown  in  the  table  until  1888,  but  according  to  the 
figures  for  the  subsequent  years  the  mortality  is  very  decidedly  highest 
during  the  first  three  months  of  life. 

Cause  and  Mode  of  Dissemination. — That  the  ultimate  cause  of  erysipelas 
is  a  micro-organism  is  now  sufiiciently  clear  (see  p.  93).  In  many  instances 
this  micro-organism  unquestionably  gains  access  to  the  system  of  the  recipient 
through  a  wound  in  the  skin,  but  whether  this  is  always  so  is  uncertain. 
It  has  been  maintained,  indeed,  that  the  microbe  of  erysipelas  is  capable  of 
obtaining  entrance  through  the  uninjured  skin  or  mucous  membranes.  The 
time-honoured  distuiction  between  traumatic  and  idiopathic  erysipelas  is,  of 
course,  based  upon  the  latter  supposition.  The  distinction  in  question  has, 
however,  in  recent  years  received  far  less  acceptance  than  formerly,  and  the 

>  All  the  figures  in  this  table  refer  to  the  ten  years  1881-90,  except  those  in  the  age 
gi'oups  0-3,  3-6  and  6-12  months,  which  refer  only  to  the  years  1888-90. 
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view  has  been  gaming  ground  that,  even  in  the  case  of  so-called  idiopathic 
erysipelas,  the  virus  enters  the  system  through  some  insignificant  and  usually 
unobserved  breach  of  surface.  In  support  of  this  thesis  it  was  pointed  out  by 
Trousseau  that '  idiopathic  '  erysipelas  may  often  be  traced  to  a  minute  breach 
of  continuity  in  the  skin  or  mucous  membrane  at  the  angle  of  the  eye  or 
mouth,  or  to  a  slight  eczema  of  the  nose  ;  and  it  is  a  matter  of  common  ex- 
perience that  this  form  of  erysipelas  usually  starts  from  some  such  point  of 
junction  between  the  skin  and  mucous  membrane,  where  cracks,  fissures,  and 
eczema  are  peculiarly  liable  to  occur,  Konig  succeeded  in  tracing  fifteen  out  of 
twenty-nine  cases  of  erysipelas  of  the  head  and  face  to  injury  of  the  affected 
parts,  and  in  many  of  the  remaining  cases  there  was  so  much  swelling  at  the 
time  of  admission  to  hospital  that  no  satisfactory  examination  could  be  made.^ 
On  the  whole,  therefore,  it  seems  probable  that  a  wound  of  some  kind,  how- 
ever trivial,  is  always  present. 

Erysipelas  is  certainly  infectious,  but  is  less  uniformly  so  than  many  of 
the  epidemic  diseases,  such  as  small-pox,  typhus,  and  measles.  The  necessity 
for  a  wound  (if  such  necessity  exists)  would  doubtless,  in  part,  explain  the 
commonly  smaller  infectiousness  exhibited  by  the  disease  among  the  general 
public,  but  even  in  the  surgical  wards  of  hospitals  erysipelas  often  fails 
to  spread.  Its  prevalence,  however,  in  different  hospitals  and  in  the  same 
hospitals  at  different  times  has  varied  largely.  To  some  extent  this  is  very 
likely  due  to  difi:erences  from  time  to  time  in  the  infectiveness  of  the  disease 
— i.e.  to  actual  variations  in  the  pathogenicity  of  the  streptococcus.  An 
interesting  series  of  cases  brought  before  the  Paris  Academy,  in  1864,  by 
Dr.  Blin,  and  apparently  indicating  clearly  an  unusually  high  degree  of  infec- 
tiveness, are  thus  recorded  by  Fagge  : — '  One  of  the  surgeons  at  the  Lari- 
boisiere  Hospital  had  under  his  care  two  patients  suffering  from  erysipelas 
when  he  was  himself  seized  with  it.  A  medical  friend  from  Guise  visited 
him,  and  fell  ill  after  returning  to  that  place,  where  no  other  case  of  the 
disease  then  existed.  That  gentleman's  servant  was  attacked,  and  also  a 
relative  who  came  to  see  him,  and  who  lived  in  the  neighbourhood.  The 
latter  gave  erysipelas  to  his  wife,  and  three  members  of  another  family,  who 
were  repeatedly  in  contact  with  them  during  their  illness,  suffered  in  their 
turn.  From  this  family  the  disease  spread  to  two  Sisters  of  Mercy,  and 
they  carried  it  to  their  home  and  gave  it  also  to  a  medical  man  who  at- 
tended them  ;  and,  lastly,  it  passed  from  him  to  his  daughter.' 

But  other  circumstances  play  an  important,  though  indirect,  part  in 
determining  the  prevalence  of  erysipelas  in  particular  localities,  hospitals, 
and,  as  has  been  often  observed,  even  in  particular  wards  of  hospitals.  The 
m.ost  important  of  these  circumstances  are  overcrowding  and  defective  venti-. 
lation,  filth  accumulation,  general  want  of  cleanliness,  and  defective  drain- 
age arrangements.  In  whatever  way  these  circumstance  operate,  whether 
by  increasing  susceptibility,  or  as  affording  nidus  and  pabulum  outside  the 
body  for  the  erysipelas  microphyte,  there  can  be  no  doubt  as  to  their  opera- 
tion. ' .  .  .  The  influence  of  any  epidemic  [of  erysipelas]  is  immensely 
increased  by  an  unhealthy  condition  of  a  ward  from  overcrowding,'  says 
Mr.  Erichsen ;  and  this  has  been  the  general  experience. 

An  interesting  illustration  of  the  effect  of  filth  accumulations  in  this 
respect  is  afforded  by  the  case  recorded  by  Mr.  Thomson  in  the  '  Medical 
Times  and  Gazette,'  December  1856,  and  also  by  the  late  Mr.  de  Morgan  in 
Holmes'  '  System  of  Surgery.'  It  appears  that  the  occupants  of  two  beds, 
one  on  either  side  of  a  window  in  a  large  ward  on  the  ground-floor  of  the 

1  Quoted  from  Fagge's  Principles  and  Practice  of  Medicine. 
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Middlesex  Hospital,  were  frequently,  during  a  period  of  years,  attacked  by 
erysipelas.  Inquiry  elicited  the  fact  that  a  large  uncovered  dustbin  was 
situated  just  below  the  window  in  question.  Suspicion  attaching  to  this 
dustbin,  it  was  carefully  cleaned  out  and  covered  over,  erysipelas  thereupon 
ceasing  to  invade  the  beds  in  question.  Two  years  later  patients  in  these 
beds  were  again  attacked  with  erysipelas,  and  examination  showed  that  the 
dustbin  was  again  in  a  foul  condition  and  had  been  left  open.  It  was  there- 
fore entirely  removed,  and  the  disease  disappeared  from  the  ward. 

In  the  year  1874  an  epidemic  of  erysipelas  in  the  Eadchffe  Infirmary,  at 
Oxford,  was  associated  by  Mr.  Netten  Radcliffe  ^  with  a  blocking  of  the 
drains  by  faecal  matter  and  the  admission  of  foul  drain-air  to  the  hospital.  Dr. 
K6nig,2  of  Eostock,  traced  the  spread  of  erysipelas  at  the  hospital  there  to  defec- 
tive cleansing  of  the  cushions  on  the  operating-table,  which  were  covered  with 
old  bloodstains.     On  discarding  these  pillows  the  erysipelas  at  once  ceased. 

Among  predisposing  causes  special  to  the  individual,  intemperance,  want 
of  proper  food,  and  visceral  disease  are  said  to  be  important,  It  is  also  often 
said  that  liabihty  to  erysipelas  is  increased  by  a  previous  attack.  Certainly 
the  disease  seems  to  afford  little,  if  any,  protection. 

Belation  to  other  Diseases. — The  question  as  to  what  clinical  conditions 
should,  on  the  ground  of  etiological  identity,  be  included  under  the  term 
erysipelas  is,  as  has  been  said,  one  which  it  is  as  yet  impossible  to  answer 
definitely.  Moreover,  in  the  rational  study  of  the  origin  and  natural  history 
of  disease,  consideration  of  conditions  of  causation  should  take  account 
of  possible  gradations  of  genetic  relationship  between  associated  maladies, 
whether  or  not  having  similar  manifestations.  As  regards  erysipelas,  the 
widely  different  views  which  have  been,  and  still  are,  held  upon  these  matters 
by  different  authorities  show  the  subject  to  be  one  especially  deserving  of 
careful  and  close  study. 

And  as  to  this  it  is  here  only  intended  to  put  forward,  provisionally,  a  few 
considerations,  suggested  for  the  most  part  by  clinical  or  epidemiological 
experiences. 

With  respect,  first,  to  the  question  of  relationship  between  erysipelas  and 
erythema,  it  has  to  be  noted  that,  as  often  employed,  the  latter  term  is  one  of 
very  uncertain  signification.  While,  on  the  one  hand,  there  can  be  httle 
doubt  that  many  so-called  cases  of  erythema  are,  in  reality,  mild  cases  of 
erysipelas,  it  is  quite  certain  that  there  are  other  conditions  of  superficial 
dermatitis  which  are  altogether  etiologically  distinct. 

Next  there  is  the  question  as  to  whether  erysipelas  is  '  specific '  to  the  extent 
of  being  entirely  distinct  from  various  other  forms  of  blood-poisoning  which, 
without  inducing  any  notable  spreading  dermatitis,  give  rise  to  local  sup- 
purative adenitis  or  more  remote  abscess.  Many  authorities  have  answered 
ihis  question  in  the  affirmative,  but  the  manner  in  which  cases  of  the  latter 
sort  are,  in  practice,  sometimes  closely  associated  with  cases  apparently  of 
-true  erysipelas  appears  to  raise  great  doubt  upon  the  point.  In  this  con- 
nection it  is  important  to  observe  that  Fehleisen's  erysipelas  streptococcus  is 
microscopically  and  in  culture  so  like  the  Streptococcus  pyogenes  that  some 
bacteriologists  regard  the  two  as  identical  qud  species,  and  consider  the  one 
an  attenuated  form  of  the  other  (see  page  94). 

But  the  question  under  consideration  is  bound  up  with  that  of  the  rela- 
tion of  erysipelas  to  certain  other  diseases,  and  there  are  not  a  few  additional 
■epidemiological  facts  which  go  to  support  the  thesis  of  genetic  relationship 

»  British  Medical  Journal,  1875,  vol.  i.  p.  651.     Be;port  of  Medical  Officer,  Local 
Government  Board,  1876,  pp.  38-69. 
»  Arch,  der  Heilkunde,  1870,  p.  23. 
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Ibetween  erysipelas  and  septic  processes  as  such.  It  may  be  mentioned, 
first,  that  in  this  country  at  least  experience  has  established  the  interchange- 
ability  of  cutaneous  erysipelas  and  the  varieties  of  the  disease  characterised 
by  deeper,  diffuse,  and  suppurative  inflammation.  Clinical  observation,  too, 
long  since  indicated  a  connection  between  erysipelas  and  puerperal  fever 
Attention  seems  first  to  have  been  drawn  to  this  connection  during  the 
latter  half  of  the  last  century,  and  since  that  time  a  large  number  of  facts 
-have  been  recorded  which  go  to  indicate  a  very  close  relationship  between 
erysipelas  and  puerperal  fever.  Not  only  has  puerperal  fever  been  many 
times  clearly  traced  to  infection  carried  by  medical  men  to  the  lying-in 
•chamber  from  cases  of  phlegmonous  erysipelas  in  their  ordinary  practice, 
but  nurses  and  others  suffering  from  commencing  cutaneous  erysipelas  of 
the  head  or  face  seem  without  doubt  to  have  set  up  puerperal  fever  in 
'labour'  patients  they  chanced  at  the  time  to  be  attending.  Interesting 
cases  illustrating  these  points  are  given  by  Hirsch,  but  it  must  suffice  here 
to  say  that  Hirsch  summarises  the  grounds  upon  which  beUef  in  the 
etiological  connection  of  the  two  diseases  in  question  is  based  as  follows  : — 

'  (1)  The  coincidence  in  time  and  place  of  the  two  diseases  in  epidemic 
form,  both  in  lying-in  institutions  and  among  the  population  at  large. 

'  (2)  The  familiar  fact  that  women  in  labour  attended  by  doctors  or  mid- 
wives  who  were  suffering  themselves  from  erysipelas,  or  had  come  in  contact 
with  erysipelas  patients,  have  taken  puerperal  fever. 

'  (3)  The  converse  fact  to  (2),  that  doctors,  midtvives,  nurses,  and  other 
individuals  who  come  into  close  contact  with  puerperal  fever  patients  suffer 
from  erysipelas  remarkably  often ;  also,  that  the  new-born  infants  of  mothers 
with  puerperal  fever  die  of  erysipelas  in  an  unusually  large  ratio. 

'  (4.)  The  fact,  vouched  for  by  many  observers,  that  childbed  fever  itself 
has  not  imfrequently  an  erysipelatous  character,  if  I  may  so  speak ;  or,  in 
■other  words,  that  the  disease  begins  to  develop  from  an  erysipelas  which 
mostly  arises  in  the  lacerated  vaginal  mucous  membrane.' 

Further  evidence  of  relationship  between  erysipelas  and  puerperal  fever 
is  found  in  the  similarity  of  their  seasonal  incidence,  and  more  strikingly, 
perhaps,  in  the  closeness  with  which  mortality  rises  and  falls  in  different 
years,  as  shown  in  the  diagram  reproduced,  by  Dr.  Longstaff's  per- 
mission, from  '  Studies  on  Statistics.'  In  his  diagram  the  rise  and  fall 
above  and  below  the  mean  in  the  mortahty  of  a  number  of  diseases  is 
indicated  for  the  twenty-six  years,  1855-80.  With  reference  to  the  close 
resemblance  between  the  curves  of  erysipelas  and  puerperal  fever,  Dr. 
Longstaff  remarked  in  his  original  paper,  read  before  the  Epidemiological 
Society  in  1880 :  *  I  confess  that  I  find  it  difficult  to  avoid  the  conclusion 
that  they  are  both  due  to  one  poison.'  In  repubhshing  this  paper  in  his 
'  Studies  on  Statistics  '  in  1890  he  has  in  an  appendix  given,  in  another  table, 
similar  mortahty  curves  for  these  two  diseases,  along  with  rheumatism,  but 
separately  for  each  of  the  eleven  registration  districts  of  England  and  Wales, 
and  for  the  longer  period  of  thirty-four  years,  1855-88.  In  these  curves  for 
the  different  sections  of  the  country  the  fluctuations  are  greater  than  in  those 
for  the  country  as  a  whole,  and,  as  might  be  expected,  the  correspondence 
between  the  curves  representing  the  mortahty  of  the  three  diseases  is  not 
always  so  close  as  in  those  based  upon  the  larger  figures  of  England  and 
Wales.  Nevertheless,  it  is  conspicuous,  and,  as  Dr.  Longstaff  remarks,  '  far 
closer  than  mere  chance  coincidence  would  account  for ; '  and  he  adds,  * .  .  . 
a  relationship  which  holds  good  in  the  several  parts  of  the  country,  as  well 
as  in  the  entire  area,  cannot  be  fortuitous.' 

But  in  addition  to  the  resemblance  of  the  erysipelas  and  puerperal  fever 
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curves  to  one  another,  there  is  a  decided  hkeness  between  those  curves  and' 
that  of  pyaemia.  ^ 

In  addition,  there  are  broad  points  of  agreement  between  all  the  curves 
in  the  diagram  (representing  collectively  Dr.  Longstaff's  '  scarlatinal  group ' 
of  diseases),  in  that  the  elevations  and  depressions  so  well-marked  in  the 
scarlatina  curve  are  more  or  less  traceable  in  all  the  others.  There  is  also 
a  general  agreement  between  the  curves  in  exhibiting  a  sort  of  inverse 
relationship  to  the  rainfall,  which  is  exhibited  at  the  top  of  the  diagram  on 
Sir  George  Buchanan's  method.^ 

One  highly  interesting  result  brought  out  by  Dr.  Longstaff's  inquiries  is 
the  close  resemblance  between  the  curve  of  '  rheumatism  of  the  heart '  and 
those  of  erysipelas  and  puerperal  fever.  Is  this  to  be  taken  as  indicating 
that  rheumatism  is,  after  all,  a  septic  disease  ?  The  subject  is  well  worth 
close  investigation.  In  the  meantime,  it  must  be  remembered  that  ulcerative 
endocarditis,  the  origin  of  which,  according  to  Fagge,  is  '  far  most  frequently 
in  rheumatism,'  is  apparently  a  septic  process  (see  page  02). 

Lastly,  the  question  arises  as  to  the  relationship,  if  any,  of  erysipelas  to 
diphtheria.  The  frequency  with  which  congestion  of  the  fauces  accompanies 
facial  erysipelas  has  long  been  known.  Sir  Thomas  Watson  laid  great  stress 
upon  soreness  of  the  throat  as  an  early  cHnical  feature,  and  Mr.  Marcus 
Beck  ^  mentions  redniess  and  congestion  of  the  fauces  as  always  present  in 
erysipelas  of  the  head.  In  some  cases,  known  as  erysipelatous  pharyngitis  and 
laryngitis,  the  disease  is  mainly  Umited  to  the  throat. 

In  this  connection  the  extensive  and  very  mahgnant  epidemics  of  '  ery- 

'  The  pyaemia  deaths  were  not  given  by  the  Eegistrar-General  until  1862,  and,  as  Dr. 
Longstaff  remarks  with  reference  to  the  pyaemia  curve,  '  there  can  be  httle  doubt  that 
the  steady  rise  from  that  year  must  be  attributed  to  changes  of  nomenclature.  .  .  .' 

^  It  is  only  right  to  add  that  in  the  1890  Appendix,  above  mentioned,  Dr.  Longstaff  refers 
to  the  mortality  returns  for  the  further  period  of  ten  years,  1879-88,  that  had  become 
available  since  the  construction  of  his  diagram,  which  originally  embraced  the  period, 
1855-78.  In  several  respects  it  appears  that  the  resemblances  indicated  among  the  curves 
in  that  diagram  (Plate  XLIV.)  were  not  so  closely  maintained  for  the  later  period.  The 
pyaemia  curve,  indeed,  we  learn  has '  in  recent  years  exhibited  no  distinct  relationship  to  any 
of  the  others.'  As  regards  puerperal  fever  and  erysipelas,  the  curve  for  the  former  disease 
was  above  the  average  for  nine  of  the  ten  years,  and  that  of  the  latter  was  somewhat  low,, 
reaching  the  average  only  in  1882  ;  but,  '  nevertheless  a  close  correspondence  in  the  direc- 
tions of  the  fluctuations  of  the  two  curves  has  been  maintained.'  The  scarlet-fever  curve 
has  fallen  so  conspicuously  that  there  is  little  discernible  correspondence  between  it  and 
other  curves.  The  registered  '  croup  '  mortality  has  somewhat  declined,  while  that  of  diph- 
theria has  steadily  increased  ;  but  as  regards  their  fluctuations  these  curves  have  continued 
to  run  similar  courses  ;  and  the  laryngitis  curve  has  fairly  corresponded  with  them.. 
Lastly,  there  has  not  generally  been  the  same  close  inverse  relationship  between  these 
curves  and  the  rain  curve  as  had  been  previously  observed,  though  in  the  very  wet  year 
of  1879  erysipelas,  puerperal  fever,  and  rheumatism  of  the  heart  were  all  at  a  minimum, 
while  in  the  dry  year  of  1884  diphtheria  was  at  a  maximum.  The  discrepancies  thus 
indicated  between  the  results  of  these  two  periods  were  probably  in  part  due  to  the  opera- 
tion of  disturbing  causes  during  the  more  recent  period.  Among  such  disturbing  causes 
may  be  mentioned  certain  changes  in  the  classification  of  deaths  which  were  introduced 
by  the  Eegistrar-General  in  1881 ;  improvements  in  diagnosis  and  certification  by  medical 
practitioners,  and  increased  attention  to  sanitary  matters,  which,  with  better  sanitary 
administration,  may  have  artificially  diminished  the  mortality  of  some  of  the  diseases  in 
question,  and  so  have  tended  to  obscure  natural  similarities  between  them.  No  doubt  also 
there  were  other  less  obvious  disturbing  causes  in  operation  ;  but  however  that  may  be,  the 
agreements  between  the  curves  which  were  maintained  throughout  the  earlier  and  com- 
paratively long  period  of  twenty-six  years  are  far  too  conspicuous  to  be  ignored,  and  are 
certainly  significant.  It  will  be  remembered,  too,  that  as  regards  erysipelas  and  puerperal 
fever,  and  croup  and  diphtheria,  the  fluctuations  in  the  curves  have  continued  to  run  together.. 
*  Quain's  Dictionary  of  Medicine. 
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•sipelas '  which  occurred  in  North  America  from  about  1841  to  1864  are  of 
■especial  interest.  Throat  symptoms  constituted  an  early  and  conspicuous 
feature  of  the  disease,  and,  according  to  Hirsch,  in  severe  cases  the  mucous 
membrane  was  often  found  covered  with  ash-coloured  sloughs. 

Judging  from  the  accounts  of  this  epidemic,  the  phenomena  of  erysipelas 
-and  diphtheria  seem  to  have  been  about  equally  mixed.  Indeed,  Volkmann 
is  inclined  to  regard  the  disease  as  '  an  affection  very  closely  related  to 
diphtheritis,  perhaps  even  with  pure  diphtheritis  of  the  throat.'  Hirsch,  on 
the  other  hand,  explains  that  on  clinical  and  etiological  grounds  he  agrees 
with  the  American  profession  in  regarding  it  as  malignant  erysipelas.^ 

Period  of  Incubation. — The  incubation  period  of  erysipelas  would  seem 
to  be  short,  and  is  given  by  most  clinical  observers  as  usually  about  four  days 
•  or  less.  According  to  Murchison,^  it  may  range  from  one  to  eight  days,  but 
is  usually  from  one  to  three  or  four  days.  For  inoculated  erysipelas  the 
incubation  period  seems  to  be,  as  a  rule,  much  shorter.  In  Fehleisen's 
inoculations  into  rabbits  vsdth  cultures  of  his  erysipelas  streptococcus  the 
skin  of  the  ear  showed  a  deep  blush  after  twenty-four  hours.  In  his  inocu- 
lations in  the  human  subject,  vnth.  cultures  of  this  organism  which  were 
undertaken  for  the  removal  of  sarcomatous  growths,  the  period  varied  from 
fifteen  to  sixty-one  hours. 


PUERPERAL   FEVER 


Synon. 


Childbed  Fever ;  Puerperal  Septicemia.     Fr.  Fi&vre  puerperale ; 
Ger.  Kindhettfieber,  Puerperalfieber. 


Puerperal  fever  has  occurred  in  all  ages,  and  seems  to  have  been  by  no 
means  uncommon  in  the  days  of  Hippocrates.  In  more  modern  times,  how- 
ever, its  prevalence  was,  no  doubt,  until  recently  much  increased  by  the  esta- 
blishment and  multiplication  of  maternity  institutions.  As  regards  distri- 
bution, it  occurs  in  all  climates,  but,  like  erysipelas,  less  frequently  in  the 
tropical  and  sub-tropical  than  in  the  higher  latitudes.  In  addition  to  this 
■apparent  preference  for  the  higher  latitudes,  most  observers  are  agreed  that 
both  its  prevalence  and  mortality  are  greatest  in  the  colder  seasons  of  the 
year. 

With  respect  to  prevalence,  Hirsch  records  that,  of  195  epidemics  '  for 
which  the  time  of  prevalence  is  accurately  given,'  there  occurred : — 


In  winter 

.     66 

In  autumn  and  winter  . 

.     11 

In  spring 

.     34 

In  summer    .... 

.     10 

In  winter  and  spring     . 

.     25 

In  summer  and  autumn 

.      7 

In  autumn    . 

.     21 

In  spring  and  summer  . 

.      6 

As  to  mortality,  the  incidence  upon  the  autumn  and  winter  months  is 
indicated  for  London  in  the  following  curve. 


Puerperal  Fever. — London  Deaths  for  Thirty  Years,  1845-74.     (Buclian  and  Mitchell.) 

Jan.    Teb.    Marci    April    May     June     July     Aug.     Sept.     Oct.     Not.     .Dfsc. 

■+£0p.  cent,  pit     111     1111     111     Ml     I  I  1  I  I  1  1  I     III     nil     III     I  l/«IJ  '  I  Q  H-fiOp-  cent. 


i!!ean  !Line. 


—SO  p.  cent. 


Mean  Line. 


— SOp,  cent. 


'  Op.  cit.,  vol.  ii.  p.  398. 


Trans.  Clin.  Soc,  vol.  xi.,  London,  1878. 
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The  deaths  in  England  and  Wales  annually  recorded  by  the  Eegistrar- 
General  as  due  to  puerperal  fever  are  given  in  the  following  table.  But 
instead  of  the  rate  based  upon  the  proportion  of  deaths  to  the  general  popula- 
tion, which  is  given  in  the  corresponding  tables  for  other  diseases,  a  rate 
calculated  on  the  annual  number  of  births  has  been  here  substituted^ 
Although  this  does  not  take  account  of  still-birth  confinements  and  mis- 
carriages, it  seems  to  be  the  closest  indication  obtainable  as  to  the  true- 
increase,  or  the  reverse,  of  mortality  from  this  disease. 

TABLE  XV. 


England  and  Wales 

Puerperal 

1 

England  and  Wales 

Puerperal 

fever 
deaths  to  a 

Tear 

Puerperal 

deaths  to  a 

I      Tear 

Puerperal 

fever 

Births 

thousand 

j 

fever 

Births 

thousand 

deaths 

births 

deaths 

births 

1847 

784 

539,965 

1-5 

1870 

1,492 

792,787 

1-9 

1848 

1,365 

563,059 

2-4 

1871 

1,464 

797,428 

1-8 

1849 

1,165 

578,159 

2-0 

1872 

1,400 

825,907 

1-7 

1850 

1,113 

593,422 

1-9 

1873 

1,740 

829,778 

21 

1851 

1,009 

615,865 

1-6 

1874 

3,108 

854,956 

3-6 

1852 

972 

624,012 

1-6 

1875 

2,504 

850,607 

2-9 

1853 

795 

612,391 

1-3 

1876 

1,746 

887,968 

2-0 

1854 

954 

634,405 

1-5 

1877 

1,444 

888,200 

1-6 

1855 

1,079 

635,043 

1-7 

1878 

1,415 

891,906 

1-6 

1856 

1,067 

657,453 

1-6 

1879 

1,464 

880,389 

1-7 

1857 

836 

663,071 

1-3 

1880 

1,659 

881,643 

1-9 

1858 

1,068 

655,481 

1-6 

1881 

2,287 

883,642 

2-6 

1859 

1,238 

689,881 

1-8 

1882 

2,564 

889,014 

2-9 

1860 

987 

684,048 

1-4 

1883 

2,616 

890,722 

2-9 

1861 

886 

696,406 

1-3 

1884 

2,468 

906,750 

2-7 

1862 

940 

712,684 

1-3 

1885 

2,420 

894,270 

2-7 

1863 

1,155 

727,417 

1-6 

1886 

2,078 

903,866 

2-3 

1864 

1,484 

740,275 

2-0 

1887 

2,450 

886,331 

2-8 

1865 

1,333 

748,069 

1-8 

1888 

2,386 

879,868 

2-7 

1866 

1,197 

753,870 

1-5 

1889 

1,852 

885,944 

2-1 

1867 

1,066 

768,349 

1-4 

1890 

1,956 

869,937 

2-2 

1868 

1,196 

786,858 

1-5 

1891 

1,973 

914,157 

2-2 

1869 

1,181 

773,381 

1-5 

From  this  table  it  will  be  seen  that  puerperal  fever  attained  its  maximum 
recorded  mortality  during  registration  times  in  the  year  1874.  Nevertheless,. 
it  must  be  noted  that,  notwithstanding  the  great  advance  made  iu  our  know- 
ledge of  the  etiology  of  this  disease  and  our  ascertained  ability  to  control  it 
by  cleanliness,  ventilation,  and  especially  by  antiseptic  measures,  the  last  ten 
years  show  a  higher  sustained  mortality  than  any  previous  decade.  This  is 
no  doubt  largely  due  to  better  certification,  and  is,  so  far,  apparent  rather  than 
real,  more  especially  as  in  1881  the  Eegistrar-General  adopted  a  system  of 
writing  to  medical  practitioners  for  further  details  in  all  cases  returned 
simply  as  pyaemia,  septicaemia,  peritonitis,  &c.,  iu  women  of  the  child-bearing 
age — a  system  which  has  led  to  the  inclusion  under  the  head  of  puerperal 
fever  of  a  number  of  deaths  which  would  not  otherwise  have  been  so  clas- 
sified. If,  however,  all  due  allowance  were  made  for  improved  certification, 
the  period  in  question  would  at  least  not  show  the  decline  which  we 
might  reasonably  have  anticipated  in  the  case  of  this  essentially  preventable- 
disease. 

This  is  the  more  remarkable  since  the  application  of  modern  knowledge 
(as  indicated  by  generally  improved  hygienic  conditions  and  the  use  of 
antiseptics)  in  the  management  of  lying-in  hospitals — institutions  which  in 
earlier  years  were  prolific  centres  of  puerperal  fever — has  led  to  a  very  marked 
decline  in  the  puerperal  fever  mortality  at  such  hospitals.     According  tO' 
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Dr.  Cullingworth/  the  mortality  at  the  Vienna  Lying-in  Hospital  (the  largest 
in  the  world)  was  reduced  by  hygienic  reforms  from  28  per  1,000  in  the  years 
1857-62  to  16  per  1,000  in  1863-80,  and,  subsequently  to  the  introduction  of 
antiseptics,  has  since  fallen  to  7  per  1,000.  In  the  similar  institution  at 
Dresden  the  reduction  has  been  from  50  per  1,000  m  1872  to  10  per  1,000 
in  1886-87  ;  in  the  New  York  hospital,  from  60  per  1,000  in  1883  to  2  per 
1,000  in  1885-86  ;  and  in  the  Boston  hospital,  from  55-5  per  1,000  ui  1882 
and  45-8  per  1,000  in  1883,  to  16  per  1,000  in  1884,  6-4  in  1885,  and  none 
in  1886.  At  the  Maternite,  in  Paris,  the  total  death-rate  was  reduced  by 
sanitary  improvements  from  93  per  1,000  in  1858-69  to  23  per  1,000,  and, 
after  the  introduction  of  antiseptics,  to  11  per  1,000.  Equally  satisfactory 
progress  has  been  made  in  our  own  lying-in  hospitals,  from  which  puerperal 
fever  has  almost  entirely  disappeared.  From  this  it  seems  to  follow  the 
sustained  mortality  from  the  disease  in  England  must  be  due  to  its  prevalence 
outside  maternity  institutions.  Evidently,  then,  the  conditions  under  which 
women  are  confined  outside  hospitals  have  not  in  an  equal  degree  shared  in 
the  improvement  undergone  by  the  same  conditions  in  hospital  practice. 
Such  improvement  can  only  be  brought  about  by  a  full  appreciation  of  all 
that  is  known  of  the  etiology  of  the  disease,  and  an  adequate  sense  of 
responsibility  on  the  part  of  those  brought  into  relation  with  the  lying-in 
chamber.  It  must  be  remembered,  as  insisted  upon  by  Semmelweiss,  that 
puerperal  fever  is  essentially  a  septic  process,  the  virus  gaining  access  to  the 
body,  in  most  cases,  at  aU  events,  through  the  mucous  surfaces  of  the  utero- 
vaginal passages,  to  which  it  may  readily  be  conveyed  from  case  to  case  by 
the  hands,  instruments,  and  clothing  of  the  attendants,  or  by  sponges,  bed- 
ding, and  other  articles.  In  one  or  other  of  the  ways  indicated  puerperal 
fever  has  frequently  been  spread  through  a  series  of  cases  by  medical  prac- 
titioners, midwives,  and  nurses. 

It  is,  however,  not  alone  from  puerperal  fever  products  that  the  infection 
may  be  brought.  There  is  ample  evidence  to  show  that  it  may  come  from 
various  septic  and  decomposition  sources  altogether  apart  from  the  lying-in 
room.  Many  cases  are  on  record  which  leave  no  room  for  doubt  that  puerperal 
fever,  as  such,  has  often  had  its  origin  in  the  attendance  of  women  in  labour 
by  medical  men  who  had  shortly  before  conducted  230st-77iortein  examinations, 
or  been  in  close  attendance  upon  persons  suffering  from  septic  maladies. 

The  ability  of  erysipelas  infection  to  give  rise  to  puerperal  fever  has  been 
elsewhere  dealt  with  (p.  355),  and  there  is  reason  also  for  thinking  that 
scarlet  fever  and  other  infectious  diseases  may  operate  in  a  similar  manner ; 
but  with  regard  to  such  diseases  the  evidence  is  not  so  strong  as  in  the  case 
of  erysipelas. 

Various  other  less  direct  causes  play  an  important  part  in  the  origin,  or  at 
least  the  maintenance,  of  puerperal  fever,  the  most  important  of  which  are 
overcrowding,  insufficient  ventilation,  drainage  defects,  filth  nuisances  of  all 
kinds,  and  want  of  cleanliness  generally.  There  is  clear  evidence,  for  instance, 
that  the  past  prevalence  of  the  disease  in  lying-in  hospitals,  which  has 
already  been  referred  to,  was  largely  due  to  these  causes.  It  has  frequently 
been  recorded  that  outbreaks  in  such  institutions  occurred  at  times  of  unusual 
overcrowding,  or  were  traced  to  want  of  ventilation  and  proper  cleanliness  ; 
and  we  have  already  seen  that  marked  diminution  in  mortality  has  followed 
upon  improvement  in  these  respects. 

There  is  no  evidence  of  association  between  puerperal  fever  and  any  par- 
ticular telluric  conditions. 

'  '  Introductory  Address  at  St.  Thomas's  Hospital  in  1888.'  Eeported  in  Public  Health, 
1888. 


SCO  HYGIENE 

TUBEECULOSIS 
Synon.:  Fr.  Tuherculisation,  Tuberculose;  Ger. Tuberlcelhildung,  Tuherculose. 

Tuberculosis — that  is,  disease  which  is  now  known  to  be  causally  related  to 

the  operation  of  the  so-called  bacillus  tuberculosis — occurs  in  the  humaji 
subject  in  a  variety  of  clinically  different  forms,  the  most  notable  of  which 
are  acute  general  tuberculosis,  tubercular  phthisis,  tubercular  meningitis, 
tubercular  peritonitis,  tabes  mesenterica,  scrofula,  and  lupus. 

But  although  apparently  all  due  to  the  same  bacillus,  the  clinical 
differences  between  some  of  these  several  forms,  say,  for  instance,  between 
acute  tuberculosis  and  lupus,  are  such  as  to  suggest  either  corresponding 
functional  differences  between  the  bacilli  causing  them,  or  important  differ- 
ences in  the  tissue-condition  of  the  persons  affected.  Tubercular  disease  is 
by  no  means  hmited  to  the  human  family.  Several  of  the  lower  animals, 
particularly  guineapigs  and  rabbits,  as  also  fowls,  have  been  shown  by  ex- 
periment to  be  susceptible  to  it,  though  in  different  degrees  ;  and  the  bovine 
species  suffer  naturally,  and  in  large  numbers,  from  a  form  of  tuberculosis 
known  as  '  the  grapes.'  Pigs  also  not  uncommonly  suffer  from  tubercular 
disease.  TMth  reference  to  the  above  matters,  however,  the  reader  must  be 
referred  to  the  article  by  Dr.  Klein  (p.  208,  ante). 

As  regards  the  general  history  and  geographical  distribution  of  tubercular 
disease,  it  is  certain  that  in  some  forms,  as,  for  instance,  pulmonary  phthisis, 
it  has  occurred  in  all  ages,  and  that  it  now  occurs  practically  in  all  countries  ; 
but  the  data  for  forming  even  an  approximate  estimate  of  the  relative  pre- 
valence in  the  past,  at  different  times  and  places,  of  this  and  otber  forms  of 
the  malady  are  wanting. 

In  the  present  day  the  disease  is  far  more  common  in  some  countries  than 
others.  Phthisis,  for  instance,  is,  taken  generally,  most  prevalent  in  the 
comitries  within  the  temperate  zone,  and  especially  in  the  more  populous 
parts  of  such  countries.  But  that  no  particular  temperature  per  se  is  a  bar 
to  its  prevalence  seems  tolerably  evident  from  the  facts  of  its  distribution. 
Thus,  although  many  cold  countries,  such  as  Iceland  and  the  Faroe  Islands, 
apparently  enjoy  a  marked  relative  immunity  from  phthisis,  that  malady  is 
very  common  in  North  Greenland.  On  the  other  hand,  as  regards  the 
comitries  "nith  high  atmospheric  temperature,  although  phthisis  is  compara- 
tively rare  in  Syria,  Algiers,  and  other  parts  of  the  Xorth  Coast  of  Africa,  it 
is  common  in  certain  parts  of  India,  the  islands  of  the  Southern  Pacific,  and 
in  Mauritius,  Eeunion,  and  Madagascar.  A  notable  fact  is,  that  in  certain 
countries,  especially  Brazil,  Australia,  and  the  United  States,  the  disease 
seems  to  have  decidedly  increased  of  late  years. 

Mortality. — That  tubercular  disease  occasions  an  enormous  mortality  is 
a  matter  of  common  knowledge.  It  is  impossible,  however,  to  ascertain 
accurately  the  extent  of  that  mortality,  owing  to  the  large  element  of 
uncertainty  which  attaches  to  the  actual  cause  of  many  of  the  deaths, 
especially  among  children,  ascribed  to  one  or  other  form  of  tuberculosis. 
Hirsch,  however,  estimates  that  among  civilised  communities  the  average 
deaths  from  phthisis  amount  to  one-seventh  of  the  total  mortahty. 

As  regards  Enghmd  and  Wales,  Table  XVI.,  compiled  from  the 
Registrar-General's  Annual  Reports,  shows  the  number  of  deaths  recorded 
year  by  year  as  due  to  phthisis,  and  the  corresponding  death-rates  per 
million  of  the  population.     It  is  gi-atifying  to  observe  from  this  table  that 
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TABLE 

XVI. 

Phthisis.    England  and  Wales. 

Average 

Average 

annual 

annual 

Tear 

Total  deaths 

Deafh-rate 
per  million 

death-rate 
per  million 
living  for 

Year 

Total  deaths 

Death-rate 
per  million 

death-rate 
per  million 
living  for 

Uvlng 

each  quin- 
quennial 
period 

living 

each  quin- 
quennial 
period 

1838 

59,025 

3,996 

1866 

55,714 

2,602 

1839 

59,559 

3,939 

1867 

55,042 

2,539 

1840 

59,923 

3,897 

j-     3,880 

1868 

51,423 

2,336 

•     2,448 

1841 

59,592 

3,822 

1 

1869 

52,270 

2,352 

1842 

59,291 

3,746 

) 

1870 

54,231 

2,410 

1 

1848 





1871 

53,376 

2,342 

■ 

1844 





1872 

52,589 

2,271 

1845 

— 

— 

1873 

51,355 

2,194 

■     2,218 

1846 

_. 

— 

1874 

49,379 

2,081 

1847 

53,317 

— 

1875 

52,943   . 

2,202 

1848 

51,663 

— 

1876 

51,775 

2,119 

' 

1849 

50,299 

— 

1877 

51,353 

2,079 

1850 

46,618 

2,624 

1878 

52,856 

2,111 

■     2,040 

1851 

49,166 

2,781 

1879 

51,272 

2,021 

1852 

50,594 

2,826 

1880 

48,201 

1,869 

1853 

54,918 

3,034 

•     2,851 

1881 

47,541 

1,825 

' 

1854 

51,284 

2,791 

1882 

48,715 

1,850 

1855 

52,290 

2,822 

1883 

50,053 

1,880 

•     1,830 

1856 

48,950 

2,601 

1884 

49,325 

1,827 

1857 

50,106 

2,627 

1885 

48,175 

1,770 

1 

1858 

50,442 

2,591 

■     2,603 

1886 

47,872 

1,739 

\ 

1859 

50,149 

2,547 

1887 

44,935 

1,615 

1860 

51,024 

2,564 

1888 

44,248 

1,568 

■     1,635 

1861 

51,931 

2,581 

\ 

1889 

44,738 

1,573 

1862  ■ 

50,962 

2,502 

1890 

48,366 

1,682 

1863 

51,072 

2,476 

|-     2,564 

1     1891 

46,515 

1,599 

1864 

53,046 

2,541 

1865 

53,734 

2,541 

during  the  period  in  question  there  has  occurred  both  a  relative  and  absolute 
diminution  in  the  deaths  so  recorded.  In  part  this  is,  no  doubt,  a  matter  of 
nomenclature,  but  there  are  independent  grounds  for  thinking  that  an  actual 
diminution  in  phthisis  mortality  has  occurred. 

Influence  of  Climate  and  Season. — Tubercular  disease  may  occur  in  any 
climate,  and  although  climatic  conditions  without  doubt  exercise  a  large 
influence  over  such  malady,  it  seems  probable  that  this  influence  has,  owing 
to  its  having  been  confused  with  other  factors,  been  somewhat  exaggerated. 
It  has  already  been  pointed  out  that  mere  high  or  low  atmospheric  tempera- 
ture is  no  bar  to  a  considerable  prevalence  of  the  disease. 

There  appears,  however,  to  be  a  general  agreement  among  observers  that, 
other  things  being  equal,  the  disease  is  of  a  more  severe  and  rapid  type  in 
tropical  than  in  temperate  chmates. 

But  the  fact  which  seems  most  clearly  indicated  by  a  study  of  the  dis- 
tribution of  phthisis  is,  that  a  moist  atmosphere  with  a  considerable  daily 
range  of  temperature  is  decidedly  favourable  to  its  prevalence.  How  far  this 
is  an  influence  operating  directly  upon  the  life-processes  of  the  tubercle 
bacillus,  and  how  far  an  influence  operating  indirectly,  by  conducing  to 
general  susceptibility  or  to  a  relaxed  and  unhealthy  condition  of  the  mucous 
membranes  of  the  recipients,  it  is  difficult  to  determine. 

As  regards  the  influence  of  season,  in  this  country  the  phthisis  mortality 
(London)  has  its  annual  maximum  in  March,  April,  and  May,  and  its  mini- 
mum in  August,  September,  and  October  (Buchan  and  Mitchell). 
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Influence  of  Bace,  Sex,  and  Age. — No  race  is  exempt  from  tubercular 
disease,  but  the  Jews  are  said  to  enjoy  a  relative  immunity  from  it.  On  the- 
other  hand,  many  coloured  races  suffer  considerably  from  phthisis,  and  it  has 
been  especially  observed  that  negroes  upon  changing  their  natural  and  pri- 
mitive habits  of  life  for  the  conditions  associated  with  civilisation  exhibit  a 
very  marked  susceptibility  to  it,  and  this  is  the  more  conspicuous  if  such 
changed  mode  of  Ufe  is  accompanied  by  migration  to  a  temperate  climate. 

The  sex  and  age  distribution  of  recorded  '  phthisis '  deaths  in  England 
and  Wales  during  the  years  1881-90  is  shown  in  Table  XVII.,  compiled, 
from  the  Eegistrar- General's  Annual  Eeports. 


TABLE 

XVII. 

1 

Period 

Deaths  at  aU  ages 

Deaths  at  subjoined  ages 

Male 

Female 

Total 

0-3 

months 

3-6 
months 

6-12 
months 

Total 
under 
lyear 

1- 

2- 

3- 

4^ 

Total 
under 
5  years 

1881-1890 

246,455 

227,513 

473,968 
Totals 

M.  f  170 
F.  1 102 

297 
247 

556 

528 

3,935 
3,812 

2,788 
2,728 

1,357 
1,318 

892 
941 

782 
896 

9,754 
9,195 

272 

544 

1,084 

7,247 

5,516 

2,675 

1,833 

1,678 

18,949 

Deaths  at  subjoined  ages — continued 

5- 

10- 

15- 

20- 

25- 

35- 

45- 

55- 

65- 

75 

85  and 
upwards 

M.  (4,131 
P.  1  5,371 

5,157 
10,523 

17,595 

24,877 

27,529 
30,275 

59,126 
59,381 

53,952 
44,226 

38,810 
25,103 

21,766 
12,839 

7,578 
4,907 

1,015 
767 

42 
49 

9,502 

15,680 

42,472 

57,804 

118,5.07 

98,178 

63,913 

34,605 

12,485 

1,782 

91 

It  will  be  observed,  as  regards  sex,  that  during  the  period  in  question,  at 
all  ages  together,  the  deaths  among  males  exceeded  those  among  females. 
This  also  holds  good  for  the  first  three  years  of  life,  and  for  the  age  period 
35-45  and  upwards.  For  the  intervening  periods  the  deaths  among  females 
exceeded  those  among  males.  It  will  be  observed  that  in  the  age  period  10-15 
years  the  recorded  mortahty  among  females  was  double  that  among  males. 

As  regards  age,  the  deaths  registered  as  due  to  '  phthisis '  fell  from  the 
first  to  the  fifth  year.  After  the  age  period  5-10  they  increased  up  to  the 
age  period  25-35,  subsequently  to  which  it  steadily  decreased. 

Of  the  other  forms  of  tubercular  disease,  it  appears,  according  to  Dr.  Sims 
Woodhead's  cases,  that  tubercular  meningitis  is  most  common  between  the 
third  and  eighth  years  of  life,  but  that  tubercular  disease  of  the  mesenteric 
glands  is  commonest  at  an  earlier  age,  namely  in  the  period  from  one  to 
two  and  a  half  years,  which,  as  will  be  seen  later,  may  be  significant  from  an 
etiological  point  of  view. 

GoMse  and  Mode  of  Dissemination. — The  discovery  of  the  tubercle  bacUlus,. 
although  a  matter  of  the  highest  importance  and  of  very  great  scientific 
interest,  by  no  means  exhausts,  or  even  nearly  exhausts,  the  subject  of  the 
etiology  of  tubercular  disease.  It  has  already  been  pointed  out,  with. 
respect  to  microbic  diseases  generally,  that  although  a  given  microbe  con- 

'  All  the  figures  in  this  table  refer  to  the  ten  years  1881-90,  except  those  in  the  age- 
groups  0-3,  3-6,  and  6-12  months,  which  refer  only  to  the  years  1888-90. 
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stitutes  the  particulate  cause,  yet  various  other  conditions  are  also  requisite 
for  the  production  of  the  phenomena  which  we  recognise  as  disease.  In 
the  case  of  tuberculosis  this  is  pre-eminently  true,  and  the  '  other  conditions ' 
must  in  practice  be  regarded  as  having  an  importance  hardly  second  to  the 
microbe  itself. 

It  is  a  matter  of  common  knowledge  that  tubercular  disease  is  conspi- 
cuously prone  to  occur  in  different  members  of  the  same  family,  and  this  also 
through  successivegenerations.  Such  might,  of  course,  be  regarded — especially 
in  view  of  the  microbic  nature  of  the  malady — as  a  consequence  of  direct  or  in- 
direct infection,  as  ordinarily  understood,  from  case  to  case ;  and  there  can  be 
little  doubt  but  that  some  instances  of  multiple  attacks  in  the  same  family  are 
to  be  thus  accounted  for — a  matter,  however,  which  will  be  referred  to  later. 
But  in  view  of  the  great  frequency  with  which  this  disease  is  seen  to  '  run 
in  families '  (even  though  the  members  of  such  families  are  separated,  and 
Kving  under  different  conditions),  and  of  the  shght  tendency  which  it 
exhibits  in  general  to  spread  by  infection,  it  seems  clear  enough  that 
heredity  is  responsible  for  a  considerable  share  of  its  prevalence.  Whether 
this  influence  of  heredity  is  indirect,  depending  upon  the  transmission  from 
parent  to  child  of  a  special  susceptibility,  or  whether  it  is  direct,  involving  the 
actual  transmission  of  the  tubercle  bacillus  in  the  process  of  gestation,  is  Br 
matter  which,  in  the  present  state  of  knowledge,  cannot  be  definitely  answered ; 
but  it  is  quite  possible  that  it  operates  now  and  again  in  both  of  the  ways 
suggested.  The  subject  has,  however,  aheady  been  dealt  with  by  Dr.  Klein 
in  this  volume. 

Among  other  conditions  influencing  tuberculosis,  topographical  and 
telluric  circumstances,  such  as  elevation,  dampness  of  soil,  hold  important 
place;  but  for  this  branch  of  the  subject  the  reader  must  be  referred  to 
Dr.  Copeman's  article,  vol.  i.  p.  356  of  this  work.  Certain  conditions, 
however,  which  belong  to  the  class  of  hygienic,  or,  more  correctly,  unhygi- 
enic, conditions  remain  to  be  considered  here.  Foremost  among  these,  as 
regards  that  common  form  of  tubercular  malady,  pulmonary  phthisis,  is 
defective  ventilation.  As  evidence  of  the  influence  of  this  factor  we  have, 
first,  the  circumstance  that  phthisis  is  most  common  in  large  cities,  and 
especially  in  the  most  densely  populated  parts  of  such  cities,  where  over- 
crowding and  imperfect  domestic  ventilation  are  commonly  at  a  maximum, 
and  the  free  movement  of  an^  around  dwelhngs  at  a  minimum.  Next  we 
have  the  more  definite  and  convincing  evidence  as  to  the  close  relationship 
between  defective  ventilation  and  phthisis  mortahty  that  is  afforded  by  the 
past  history  of  hfe  in  barracks,  ships,  prisons,  and  other  institutions.  Much 
important  evidence  on  this  point  will  be  found  in  the  Keport  of  the  Eoyal 
Commission  on  the  Sanitary  Condition  of  the  Army  which  was  pubhshed  in 
1858.  Up  to  that  time  the  barracks  were  overcrowded  and  insufficiently 
ventilated,  and  the  phthisis  mortahty  among  troops  was  excessively  high. 
Subsequently  to  the  Report  of  the  Commission  the  allowance  of  air-space 
was  increased  and  the  ventilation  improved,  with  the  result  of  a  very  marked 
diminution  in  the  phthisis  mortahty.^  Similar  experience  is  afforded  by 
the   health- history  of  the  Royal  Navy,  and  by  that   of  the  occupants  of 

'  The  overcrowding  had  been  greatest  among  the  Foot  Guards,  and  in  that  branch  of 
the  Service  the  phthisis  mortality  had  been  highest.  During  the  ten  years  1837-46  it  was 
11-9  per  1,000  of  strength.  For  the  seven  years  1864-70  it  had  been  reduced  to  2-3,  The 
mean  of  the  phthisis  mortality  in  the  Household  Cavalry,  Cavalry  of  the  Line,  Foot  Guards, 
and  Infantry  was,  for  the  years  1837-46,  7-89  per  1,000  of  strength.  In  the  year  1888  the 
mortality  from  phthisis  in  the  British  Army  at  home  was  1-2  (See  Parkes's  Hygiene, 
8th  edit.,  pp.  582-4), 
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prisons.'  The  same  conclusion  is  also  brought  out  in  another  way.  In  sum- 
marising the  results  of  an  exhaustive  inquiry  into  the  excessive  mortahty  from 
lung  disease  in  certain  districts  which  had  been  undertaken  for  the  Privy 
Council  by  Dr.  Greenhow,  Sir  John  Simon  remarked : — *  In  ^proportion  as  the 
male  and  female  popiolations  are  severally  attracted  to  indoor  branches  of 
industry,  in  such  proportion,  other  things  being  equal,  their  respective 
death-rates  by  lung  disease  increased.  And  there  are  medical  reasons, 
which  need  not  now  be  detailed,  for  assuming  the  augmented  lung  disease 
to  be  phthisis.'  ^ 

But  the  pernicious  effects  of  defective  ventilation  which  have  been  so 
far  referred  to  are  due  chiefly  to  the  accumulation  in  the  air  of  the  products 
of  respiration  (including,  doubtless,  the  tubercle  bacillus  from  phthisical 
persons) ;  the  exhalations  from  the  body  ;  and,  to  some  extent,  also  to 
the  products  of  imperfect  combustion  consequent  on  defective  methods  of 
heating  and  lighting.  Experience,  however,  has  shown  that  the  loading 
of  the  atmosphere  of  mines,  factories,  and  workshops  with  special  kinds  of 
dust  produced  in  different  trades  is  also  a  potent  indirect  cause  of  phthisis, 
and  apparently  of  true  tubercular  phthisis.^  So  obvious,  indeed,  was  this 
result  that  the  expression  *  miner's,'  'weaver's,'  and  'knife-grinder's'  con- 
sumption long  ago  came  into  popular  use.  The  subject  was  extensively 
investigated  in  the  continuation  of  the  inquiry  by  Dr.  Greenhow,  to 
which  reference  has  akeady  been  made,  and  much  light  has  since  been 
thrown  upon  it  by  Traube,  Zenker,  Von  Ins,  Merkel,  Theodore  Williams, 
Watson  Cheyne,  and  others.  The  dusts  in  question,  it  appears,  upon 
being  inspired,  are  taken  up  by  the  leucocytes  and  deposited  throughout 
the  lung  substance,  imparting  to  the  lung  in  time  their  particular  colour, 
as,  for  instance,  in  the  case  of  the  black  lung  of  the  miner  and  the  red 
lung  of  the  oxide-of-iron  worker.  But  their  ability  for  harm,  qua  phthisis, 
appears  to  depend  largely  upon  their  hardness  and  angularity.  It  has  long 
been  known  that,  of  the  various  dusty  trades,  those  of  the  steel  and  stone 
workers  are  associated  with  particularly  high  mortality  from  lung  disease. 
Coal-miners  have,  it  is  true,  suffered  heavily  from  phthisis,  but  it  now  seems 
probable  that  where  this  has  occurred  it  has  rather  been  due  to  the  general 
effects  of  defective  ventilation  of  the  mines  than  to  the  inhalation  of  coal 
dust.  When  coal-mines  are  well  ventilated,  the  phthisis  mortality  among 
the  miners  does  not  appear  to  be  excessive,  though  the  '  carbonisation '  of 
their  lungs  still  occurs.  It  has,  indeed,  been  held  by  some  observers  (as 
Seltmann  and  Merkel)  that  coal  dust  jjerse,  so  far  from  conducing  to  phthisis, 
affords  some  protection  against  it.  On  the  whole,  it  would  seem  that,  as  a 
factor  in  the  causation  of  phthisis,  inhaled  dust  operates  in  an  entirely 
indirect  manner,  its  operation  depending  upon  its  ability  to  give  rise  to  a 

'  For  evidence  as  to  the  high  mortality  from  phthisis  at  Millbank  Prison  in  former 
times,  see  Dr.  Baly's  paper,  Medico-Chir.  Trans.,  1845,  xxviii.  113. 

As  regards  foreign  prisons,  an  interesting  case  is  quoted  by  Parkes.  In  the  defectiTely 
ventilated  prison  of  Leopoldstadt,  at  Vienna,  during  the  years  1834-47  there  died  of 
phthisis  51'4  per  1,000  of  the  prisoners,  while  in  the  well-ventilated  House  of  Correction 
in  the  same  city  during  the  years  1850-54  only  7'9  per  1,000  died.  The  comparative 
length  of  sentences  in  the  two  cases  was  not  given,  but  Parkes  considered  that  '  no  cor- 
rection on  this  ground,  if  needed,  could  account  for  this  discrepancy  (Parkes's  Practical 
Hygiene,  8th  edit.,  p.  168). 

-  Third  Bcport  of  the  Medical  Officer  of  the  Privy  Council,  1860,  p.  30. 

^  Space  does  not  admit  of  a  review  of  the  evidence  as  to  the  relation  to  one  another 
and  to  tubercular  phthisis  of  the  lung  ailments  associated  with  different  trade  processes. 
The  subject  is  discussed  by  Pye  Smith  in  Fagge's  Principles  and  Practice  of  Medicine, 
2nd  edit.,  vol.  ii.  p.  239.  It  is  sufficient  here  to  say  that  the  tubercle  bacillus  has  been 
found  in  knife-grinder's  and  potter's  phthisis. 


NATUBAL  HISTOBY  OF  INFECTIOUS  DISEASES      365 

catarrhal  or  mechanically  h:ijured  condition  of  the  mucous  lining  of  the  lungs, 
and  so  to  favour  the  entrance  and  activity  of  the  tubercle  bacillus. 

The  relation  of  food  to  the  propagation  of  tuberculosis  is  a  subject  of 
great  importance.  Deficient  and  defective  food  no  doubt  mdirectly  pre- 
dispose to  tubercular  infection,  by  leading  to  impaired  vitality.  But  it  is  as  a 
possible  carrier  of  the  tubercle  bacillus  that  food,  in  this  connection,  assumes 
its  special  importance.  It  has  already  been  seen  that  cattle  suffer  in  con- 
siderable numbers  from  tubercular  malady,  and  although  the  identity  of 
such  malady  with  human  tuberculosis  may  not  be  completely  estabhshed,  it 
is  in  a  very  high  degree  probable  that  the  two  are  but  different  manifestations 
of  an  identical  cause.  If  such  is  the  case,  the  danger  to  man  as  regards 
cattle  is  a  double  one,  for  infection  may  doubtless  occur  both  by  the  ingestion 
of  milk  and  flesh.  The  frequency  with  which  the  young  children  of  healthy 
parents  suffer  from  tabes  mesenterica  is,  as  Dr.  Sims  Woodhead  has  pointed 
out,  very  strongly  suggestive  of  infection  by  milk. 

As  regards  meat,  there  are  good  grounds  for  believing  that  infection  may 
result  in  man  from  the  consumption  of  the  imperfectly  cooked  flesh  of 
animals  that  have  died  of  tubercular  disease,  and  the  important  question  has 
arisen  as  to  whether  the  whole  of  the  flesh  of  such  animals  is  unfit  for 
human  food,  or  only  those  parts  in  which  tubercular  lesions  are  manifest. 
The  e\idence  at  present  afforded  by  laboratory  experiments  on  this  subject  is 
somewhat  conflicting,  and  the  question  cannot  be  said  at  present  to  have 
been  definitely  solved.  The  whole  matter  is  now  the  subject  of  inquiry  by 
a  Eoyal  Commission.  Possibly  the  infectivity  of  the  tissues  generally  of 
tuberculous  animals,  in  contradistinction  to  that  of  those  tissues  which  are 
the  seat  of  evident  tubercular  changes,  may  depend  upon  the  activity  or 
otherwise  of  the  tubercular  ailment  at  the  time  of  the  animal's  death.  But 
further  evidence  on  the  matter  is  wanted. 

Lastly,  reference  must  be  made  to  the  so-called  contagiousness  of 
phthisis.  This  question  has  been  forced  to  the  front  during  recent  years  by 
Koch's  demonstration  of  the  microbic  character  of  the  malady  ;  and  there  can 
hardly  be  any  doubt  that  phthisis  may  be  spread  by  infection  from  case  to 
case,  a  view  which  has  long  been  generally  held  in  Italy,  Spain,  and  Portu- 
gal, and  was  advocated  by  Galen,  Morgagni,  Dr.  Wm.  Budd,  and  others. 

Cases  in  which  the  disease  seems  almost  certainly  to  have  been  trans- 
mitted from  husbands  to  wives  have  been  recorded  by  Dr.  Weber  ^  and 
other  observers,  and  the  rapidity  with  which  cases  of  acute  phthisis  are  in 
practice  occasionally  seen  to  succeed  one  another  in  members  of  the  same 
family,  but  of  varying  ages,  are  highly  suggestive  of  infection.  On  the  other 
hand,  the  extreme  rarity  with  which  the  nurses  in  consumption  hospitals 
are  attacked,  even  though  they  are  exposed  to  more  or  less  continuous  oppor- 
tunities of  infection,  seems  to  indicate  that  the  infective  power  of  the  disease 
is  of  a  very  low  order,  and  it  has,  indeed,  been  held  by  some  altogether  to 
negative  the  idea  of  its  infectiousness.  The  reconciliation  of  the  apparently 
conflicting  evidence  is  probably  to  be  found  in  the  vast  importance,  as  regards 
tubercular  disease,  of  the  indirect  causes,  which  has  been  insisted  upon  above. 
It  is  not  enough  that  the  tubercle  bacillus  should  be  taken  into  the  lungs  or 
alimentary  canal — it  must  also  there  meet  with  a  favourable  soil  if  it  is  to 
give  rise  to  tubercular  disease.  No  amount  of  negative  evidence,  therefore, 
is  vahd  as  an  objection  to  the  theory  of  infectiousness.  A  broad  argument 
for  the  infectiveness  of  phthisis  is  probably  to  be  found  in  the  fact  of  the 
increase  of  the  disease  during  recent  years  in  certain  countries,  such  as 
Austraha  and  the  United  States,  which  have  been  subject  to  considerable 

'  Clin.  Soc.  Trans.  1874. 
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immigration  from  infected  countries,  and,  in  the  former  case,  to  considerable 
immigration  of  persons  affected  with  the  disease.  This  is  quite  consistent 
-with  a  theory  of  the  importation  of  the  disease,  and  its  subsequent  spread  by 
infection. 

Belation  to  other  Diseases. — It  has  often  been  maintained  that  malarial 
disease  is  antagonistic  to  tuberculosis,  but  there  seems  now  a  considerable 
doubt  on  this  point.  It  appears  to  be  a  fact,  however,  that  phthisis  is  seldom 
seen  in  the  subjects  of  gout,  and,  more  curiously,  it  is  true  that  mitral 
stenosis  is  almost  never  found  in  persons  who  die  of  phthisis. 


CEOUP 

Synon. :  Cynanche  Trachealis,  Cynanche  Stridula.     Fr.  Le  Croup ;  Ger. 
Hdutige  Brdune,  Der  Croup ;  It.  Laringitide  Memhranacea. 

The  doctrine  of  croup  as  a  disease  sui  generis  seems  to  have  been  first 
especially  insisted  upon  by  Dr.  Home,  of  Edinburgh  (1765),  in  his  '  Inquiry 
into  the  Nature,  Causes,  and  Cm^e  of  the  Croup.'  In  1801,  Dr.  John  Cheyne 
followed  upon  the  same  lines.  But  cases  of  what  Hirsch  considers  must 
have  been  croup  had  been  described  as  early  as  1576  by  Baillon  ia  Paris. 
During  the  seventeenth  and  eighteenth  centuries  further  cases,  also  regarded 
by  Hirsch  as  croup,  were  referred  to  as  '  catarrhus  suffocativus  '  by  different 
observers.^  In  1821,  however,  Bretonneau  maintained  the  identity  of  mem- 
branous croup  and  diphtheria,  and  thus  initiated  a  controversy  which  has 
continued  to  the  present  day. 

It  is  only  proposed  here  to  refer  to  a  few  points  which  must  be  taken 
into  consideration  in  attempting  to  arrive  at  a  conclusion  as  to  the  nature  of 
'  croup,'  and  its  relation  to  diphtheria. 

It  was  admitted  by  Bretonneau,  and  has  since  been  abundantly  proved, 
that  an  inflammation  of  the  laryngeal  mucous  membrane  set  up  by  irritants 
such  as  boiling  water  may  result  in  an  exudation  of  lymph  and  the  formation 
of  a  false  membrane  indistinguishable  to  the  eye  from  a  diphtheritic  membrane. 
There  is,  therefore,  no  a  priori  ground  for  asserting  that  a  membranous 
laryngitis  must  of  necessity  be  a  diphtheritic  process.  Further,  there  would 
seem  no  reason  to  doubt  that  an  inflammatory  condition  of  the  mucous  lining 
of  the  larynx  and  trachea  may  be,  and  sometimes  is,  set  up  by  non- diphtheritic 
causes,  among  which  cold  and  damp  doubtless  play  an  important  part,  even 
if  bacteriology  should  ultimately  show  it  to  be  but  an  indirect  part. 

When,  however,  we  come  to  consider  the  title  of  '  croup  '  to  be  regarded 
as  a  separate  and  specific  disease,  or  when  we  consider  the  alleged  identity  of 
croup  and  diphtheria,  other  important  considerations  must  be  taken  into 
account. 

Table  XVHI.  shows  the  mortality  recorded  as  due  to  '  croup  '  year  by  year 
since  the  commencement  of  registration. 

On  reference  to  the  table,  it  will  at  once  be  observed  that  of  late  years 
the  number  of  deaths  returned  as  croup  has  undergone  a  decided  diminution, 
both  absolutely  and  relatively  to  the  population.  Now  this  is  not  the  case 
with  the  diseases  of  the  respiratory  system,  in  the  causation  of  which  cold 

'  Among  them,  Blair,  of  London,  in  his  Observations  in  the  Practice  of  Physic,  1718. 
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:and  damp  unquestionably  play  an  important  part ;  and  it  would  seem,  there- 
fore, that  the  deaths  ascribed  to  croup  are  by  no  means  all  of  an  ordinary 
•catarrhal  character. 

TABLE  XVIII. 

Showing  Year  by  Year  the  Deaths  in  England  and  Wales  certified  as  Due  to  '  Croup,' 
and  the  corresponding  Death-rates  per  Million  Living. 


Tear 


1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 


Total  deaths 


4,463 
4,192 
4,336 
4,177 

4,457 


3,338 

3,777 
4,038 
4,322 
4,180 
4,058 
3,660 
3,998 
4,419 
5,207 
5,279 
6,220 
5,636 
4,380 
4,397 
5,667 
6,957 
6,777 
5,921 


Death-rate 

per  mlllioii 

living 


302 
227 

282 
268 


243 
236 
227 
202 
218 
239 
277 
277 
319 
286 
220 
219 
278 
337 
324 
280 


Average 
annual 
death-rate 
per  million 
living  for 
each  quin- 
quennial 
period 


270' 


224 


276 


288 


Tear 


1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 


Death-rate 

Total  deaths 

per  million 

living 

5,168 

241 

4,387 

202 

4,491 

204 

4,478 

202 

4,302 

191 

4,116 

181 

3,640 

157 

4,282 

183 

5,010 

211 

4,542 

189 

4,204 

172 

3,910 

158 

4,061 

162 

3,574 

141 

3,571 

138 

3,594 

138 

4,609 

175 

4,591 

172 

4,748 

176 

4,235 

156 

3,685 

134 

3,979 

143 

3,632 

129 

3,241 

114 

3,145 

109 

2,638 

91 

annual 
death-rate 
per  million 
living  for 
each  quin- 
quennial 
period 


208 


184 


154 


163 


126 


On  the  assumption  that  '  croup '  is  a  separate  specific  disease,  the  dimin- 
ished mortality  ascribed  to  it  might,  of  course,  be  referred  to  sanitary  improve- 
ments, or  to  a  natural  decline  in  the  malady.  Nevertheless,  there  are  grounds 
for  believing  it  to  be  due  to  improved  diagnosis ;  for  thinking,  in  fact,  that 
some  of  the  deaths  which  in  former  years  would  have  been  returned  as '  croup ' 
are  now  correctly  returned  as  diphtheria. 

For  that  many  cases  of  diphtheria  have  been,  and  still  are,  ascribed  to 
croup  is  well  known.  Inquiry  very  frequently  shows  that  antecedent  to,  or 
concurrently  with,  an  increase  in  the  deaths  from  diphtheria  there  has  also 
been  an  increase  in  the  deaths  returned  as  '  croup ; '  and  it  also  brings  to 
light  instances  of  diphtheritic  paralysis  following  upon  attacks  of  so-called 
■'  croup.'  Moreover,  Dr.  Longstaff's  curves,  exhibiting  the  variations  year  by 
year  (1855-80)  in  the  mortality  from  different  diseases,  among  them  croup 
and  diphtheria,  show  that  '  since  1861  the  curves  of  croup  and  of  diphtheria 
have  been  so  very  similar  as  to  suggest  that,  at  the  very  least,  there  is  great 
confusion  in  the  diagnosis  of  the  two  diseases,  and  even  to  be  a  weighty 
•argument  in  favour  of  those  pathologists  who  maintain  their  identity.'  ^ 
>  For  four  years  only.  2  Studies  in  Statistics,  p.  316. 
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The  facts  thus  indicated  seem  to  make  it  clear  that  many  of  the  '  croup  " 
deaths  are  really  due  to  diphtheria. 

Here,  again,  however,  it  must  not  be  concluded  that  the  whole  problem 
is  solved.  Dr.  B.  A,  Whitelegge  has  pointed  out  that  the  seasonal  curve  of 
croup  approximates  more  closely  to  the  laryngitis  curve  than  to  that  of 
diphtheria  {see  curves  below) ;  that  '  croup  is  more  fatal  to  males  than  females 
upon  the  whole,  the  mortality  among  females  being  lower  up  to  fifteen  years 
of  age.  The  highest  mortality  in  both  sexes  occurs  in  the  second  year 
of  hfe.  In  all  these  respects  "  croup  "  is  aUied  to  laryngitis  rather  than 
diphtheria.'  ^ 

Seasonal  Mortality^ 
Croup,  for  all  Ages  and  both  Sexes. — London  Deaths  for  Thirty  Years,  1845-74  . 

Jan.     Feb.     March     April    Slay      Jvme     July     Aug.      Sept.      Oct.     Kov.      Dec. 

1  1  I  n  +40  p.  cent 

Mean  line. 


1  1  Q— 40 p.  cent. 


Laryngitis,  for  all  Ages  and  both  Sexes.— London  Deaths  foi-  Thirty  Years,  1845-74. 

Jan-.    Fell.    March    April    May     June     July    Ang.      Sept.      Oct.     Nov.     Dec. 
+  70p.cent.  p  ,  ,     III     1 1414  I  I  I  1 1  I  I    « 1 1  r    1 1  1 1  I  I  I  f  I  I  1  r    ill    in     1  n  q  +*0P-  cent. 


Mean  Line, 


—  SOp.cent.  \1  1  1  1  I  1  I 


nYTh- 


^ 


Mean  Line. 


II  I  J  —SOp.cent 


The  provisional  conclusions,  then,  to  which  the  above  considerations 
seem  to  point  are  : — 

1.  That  a  considerable  number  of  cases  of  so-called  '  croup  '  are,  without 
doubt,  cases  of  diphtheria. 

2.  That  this,  however,  is  not  true  of  all  such  cases. 

3.  But  that  those  which  remain,  not  being  of  diphtheritic  origua,  are 
probably  cases  of  laryngitis,  or  tracheitis,  of  a  Mnd  more  closely  allied 
etiologically  to  bronchitis. 


PNEUMONIA 

Synon. :  Inflammation  of  the  Lungs,  Ferijme^imony.    Fr.  Pneumonie  ; 
Ger.  Lungenentzilnchmg  ;  Ital.  Pneuvwnitide. 

In  considering  pneumonia  from  the  point  of  view  of  epidemic  disease  we 
are,  for  the  present  day,  mainly  concerned  with  the  form  known  as  acute  lobar 
pneumonia,  occurring  as  a  so-called  idiopathic  affection.  It  must  be  pre- 
mised, however,  that  this  restriction  is  provisional  only,  for,  as  \n\\  be  seen 

'  Hygiene  and  Public  Health,  by  B.  A.  ^Yhitelegge,  M.D.,  B.Sc,  D.P.H.,  2nd  edit., 
p.  301. 

^  These  curves  are  reproduced,  by  permission  of  Dr.  Buclian  and  Sir  Arthur  Mitchell, 
irom  their  papers  already  referred  to. 
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later  on,  it  is  not  improbable  that,  in  dealing  with  the  subject  from  this 
narrowed  view-poiat,  we  may  be  including  imder  a  common  name  two  or 
more  maladies  which,  though  superficially  identical,  are  due  to  different 
causes ;  while,  at  the  same  time,  we  may  be  separating  from  one  another, 
on  the  ground  of  clinical  or  apparent  etiological  difference,  manifestations 
due  to  one  and  the  same  cause. 

Acute  lobar  pneumonia  was  for  a  long  time  regarded  as  a  non-specific 
inflammation,  dependent  usually  upon  exposure  to  cold  and  damp,  the  fever 
and  general  symptoms  being  considered  as  secondary  to  the  local  inflamma- 
tory action.  Of  late  years,  however,  this  view  has  largely  lost  ground,  and 
it  has  become  more  and  more  recognised  that  in  its  sudden  onset,  its 
rapidly  attained  pyrexia,  the  definite  course  of  its  symptoms,  its  relatively 
constant  duration,  and  its  sudden  defervescence,  pneumonia  rather  exhibits 
the  characters  of  a  specific  fever,  with  inflammation  of  the  lung  as  its  most 
prominent  local  manifestation.  This  latter  thesis,  moreover,  as  contrasted 
with  the  older  one,  derives  some  indirect  support  from  the  fact  that 
pneumonia  in  its  distribution  in  space,  as  well  as  in  its  relation  to  season 
and  certain  particular  kinds  of  weather,  exhibits  some  points  of  contrast  tO' 
bronchitis — a  disease  also,  and  upon  stronger  evidence,  held  to  depend  upon 
cold  and  damp.  Then,  again,  the  existence  of  a  specific  ^  fever  characterised. 
by  pneumonia,  or,  perhaps,  of  several  kinds  of  such  fever,  is  rendered 
probable  by  the  frequency  with  which  pneumonia  has  been  observed  to  occur 
in  epidemics,  and  by  the  fact  that  it  is  certainly  at  times  infectious.  Lastly, 
bacteriology  is  leading  to  the  same  general  conclusion,  and  bids  fair  to  put- 
the  doctrine  of  pneumonia  upon  a  more  satisfactory  basis.^ 

Pneumonia  may  be  traced  in  the  earliest  medical  writings,  though  it  is 
only  since  the  introduction  of  the  stethoscope  that  a  definite  distinction  has 
been  drawn  between  it  and  other  diseases  of  the  chest.  It  seems  likely  that 
in  former  times  pneumonia  was  more  prone  to  occur  in  epidemic  form  than 
is  the  case  in  the  present  day.  At  all  events,  there  are  not  a  few  records  of 
its  wide  prevalence  in  the  sixteenth,  seventeenth,  and  eighteenth  centuries 
in  Italy,  Germany,  France,  and  especially  in  Switzerland,  where  it  has  long 
been  Imown  as  '  Alpenstich.'  The  earliest  records  of  epidemic  pneumonia 
in  England  and  North  America  seem  to  date  from  the  eighteenth  century. 

During  the  present  century  an  extensive  pandemic  diffusion  of  pneumonia 
occurred  in  North  America  from  the  years  1812  to  1825,  as  well  as  various 
other  epidemics  in  the  same  country,  both  during  the  earlier  and  more  recent 
years  of  the  century.  In  1853-55  pneumonia  was  epidemic  at  Julianchab, 
in  South  Greenland.  As  regards  Europe,  a  number  of  epidemics  have^ 
during  the  present  century,  been  recorded  for  Italy,  France,  Germany, 
Switzerland,  and  Great  Britain,  a  few  in  Norway  and  Denmark,  and  one  in 
Iceland  (1863).  Speaking  generally,  however,  the  European  epidemics  of 
the  present  century,  as  compared  with  those  of  previous  centuries,  have,, 
according  to  Hirsch,  been  mostly  far  apart  and  confined  within  narrow 
limits.^  Two  epidemics  are  recorded  for  India  (Punjab),  in  1875  and  1882. 
The  most  recent  epidemics  of  importance  in  this  country  occurred  at  Middles- 
brough in  1888,  and  at  Scotter  (Lincolnshire)  in  1890.^ 

*  The  word  specific  is,  of  course,  used  here  only  in  the  relative  sense  which  is  consistent 
with  the  views  expressed  in  the  introductory  section. 

^  For  the  bacteriological  evidence  so  far  available  see  p.  123,  ante. 

^  For  fuller  information  as  regards  epidemic  pneumonia  see  Hirsch,  ibid.  vol.  iii. 
p.  125. 

■*  See  Eeports  by  Drs.  Ballard  and  Parsons  respectively,  in  the  Annual  Reports  of  the 
Medical  Officer  to  the  Local  Government  Board  for  1888  and  1890. 
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Pneumonia,  like  bronchitis,  occurs  more  or  less  extensively  over  nearly  the 
whole  world,  though  certain  localities,  notably  Lower  Egypt  and  Tunis,  seem 
to  enjoy  a  marked  relative  immunity  from  it.  As  already  mentioned,  how- 
ever, there  is  not  the  close  correspondence  between  the  distribution  of  pneu- 
monia and  bronchitis  which  would  be  expected  upon  the  hypothesis  of  their 
being  due  to  one  and  the  same  cause,  such  as  exposure  to  cold  and  damp. 
Thus,  the  prevalence  of  bronchitis  appears  to  increase  towards  the  northern 
latitudes — Iceland,  the  Faroe  Islands,  Sweden  and  Norway,  being  among  its 
principal  seats.  This  is  not  the  case  with  pneumonia,  which  does  not  seem 
to  be  particularly  prevalent  in  the  countries  named ;  occurring  there,  indeed, 
according  to  Hirsch,  only  to  a  moderate  extent.  Particular  countries  in  other 
latitudes  might  also  be  cited  in  which  the  distribution  of  these  diseases  does 
not  closely  correspond.  As  regards  England,  it  has  been  pointed  out  by  Dr. 
Longstaff  ^  (for  the  period  1876-80)  that  pneumonia  was  comparatively  much 
more  fatal  than  bronchitis  in  some  registration  counties,  whereas  in  other 
registration  counties  the  opposite  was  the  case. 

Nevertheless,  there  can  be  no  doubt  that  the  amount  of  both  pneumonia 
and  bronchitis  is  largely  influenced  by  cold,  but  such  influence  is  greater  in 
the  case  of  bronchitis  than  in  that  of  pneumonia.  This  is  brought  out, 
among  other  ways,  by  a  study  of  the  seasonal  mortality  of  the  two  diseases.  As 
regards  both,  the  London  weekly  deaths  are  above  the  mean  from  November 
to  April,  and  below  it  from  May  to  October.  The  pneumonia  deaths,  how- 
ever, rise  above  the  mean  about  a  week  earlier  (last  week  in  October),  and  fall 
below  it  about  a  fortnight  later  (first  week  in  May),  than  the  bronchitis  deaths. 
The  absolute  maximum  of  pneumonia  deaths  is  in  December,  that  of 
bronchitis  deaths  in  January.  The  absolute  minimum  of  both  is  in  August. 
But  the  rise  and  fall  in  the  deaths  from  both  these  diseases,  above  and  below 
the  mean,  which  correspond  broadly  in  point  of  time  to  the  colder  and  warmer 
seasons  of  the  year,  are  more  conspicuous  in  the  case  of  bronchitis  than  in 
that  of  pneumonia. 

But  in  addition  to  the  general  agreement  (though  subject  to  differences 
of  detail)  exhibited  by  the  seasonal,  or  week-to-week,  mortality  of  bronchitis 
and  pneumonia,  there  is  a  decided  general  agreement  between  the  extent  of 
mortahty  of  these  diseases  in  different  years,  and  this  also  appears  to  have  a 
relation  to  temperature.  Dr.  Longstaff,  in  the  paper  to  which  reference  has 
just  been  made,  has  compared  the  curves  indicating  the  mortality  of  these 
diseases  from  year  to  year  (London  deaths,  1850-82)  with  one  another,  and 
also  with  a  curve  representing  the  number  of  cold  days  at  Greenwich  in  each 
vear.  The  result  obtained  is  that  the  year-to-year  mortality  curves  of 
bronchitis  and  pneumonia  correspond  closely  in  direction  and  both  bear  a 
general  resemblance  to  the  *  cold-day '  curve ;  but  here  again,  as  in  the 
seasonal  curves,  the  fluctuations  are  greater  in  the  bronchitis  curve  than  in 
that  of  pneumonia. 

The  general  result  of  the  considerations  above  put  forward,  independently 
of  the  results  of  bacteriological  research,  is  that,  although  cold  is  doubtless 
an  important  indirect  or  predisposing  cause  of  pneumonia,  it  is  not  the 
ultimate  cause. 

Further  analytical  study  of  the  influence  exerted  upon  bronchitis  and 
pneumonia  mortality  by  cold  shows  that  this  influence  is  dependent,  not 
alone  upon  the  mere  degree  of  coldness  of  the  atmosphere,  but  largely  also 
upon  sudden  and  frequent  fluctuations  of  temperature.  This  seems  to  be 
brought  out  clearly  by  the  observations  of  many  observers,  such  as  Huss  for 

'  '  Phthisis,  Bronchitis,  and  Pneumonia,'  by  G.  B.  Longstaff,  M.A.,  M.D.  {Epidem.  Soc. 
Trans.,  1883,  vol.  ii.  N.S.).    Also  reprinted  in  Studies  in  Statistics. 
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Sweden,  Eschbaum  for  Bonn,  Schramm,  and  also  Klinger,  for  Bavaria,  Chans- 
•eaux  for  Paris,  and  Gordon  for  India.  Several  Continental  observers  have 
ascribed  an  important  influence  in  particular  epidemics  to  relative  absence  of 
rain  andlowness  of  the  subsoil  water.  At  Middlesbrough,  Dr.  Ballard  noted 
that  the  epidemic  made  progress  during  the  weeks  of  drought,  but  was  appa- 
rently held  in  check  by  abundant  rain. 

It  has  already  been  suggested  that  the  cases  commonly  grouped  together 
under  the  head  of  lobar  pneumonia  may  be  instances  of  two  or  more  different 
•diseases.  Bacteriological  evidence,  so  far,  is  consistent  with  this  view.  In 
the  Middlesbrough  cases,  for  instance.  Dr.  Klein  failed  to  identify  either  the 
micrococcus  of  Friedliinder  or  the  diplococcus  of  Frankel  and  Weichselbaum, 
but  he  found  a  short  and  distinctive  bacillus,  which  apparently  stood  in 
causal  relation  to  the  malady.  For  epidemiological  suggestions  on  the  point 
we  have  the  fact  of  the  differences  in  type  of  pneumonia  from  time  to  time, 
and  the  differences  in  its  infectiousness.  As  regards  type,  it  is  to  be  noted 
that  pneumonia  occurring  in  epidemic  form  has  very  commonly  exhibited 
a  typhoid  character,  with  somewhat  prominent  gastric  and  intestinal 
symptoms,  and  a  high  mortality.  This  might,  perhaps,  indicate  a  class 
distinction  between  the  pneumonia  of  such  epidemics  and  that  which  occurs 
^sporadically.  Again,  suggestion  of  the  spread  of  the  disease  by  direct  infec- 
tion is  frequently  met  with  in  the  literature  of  pneumonia,  and  there  are 
particular  eases  on  record  which  seem  to  show  undoubtedly  that  the  malady 
does  at  times  spread  by  infection.  Of  such  particular  instances  may  be 
mentioned  some  cases  which  occurred  in  1876,  and  were  reported  by  Dr. 
Patchett  in  the  '  Lancet '  for  1882,  and  a  series  of  cases  in  1879,  reported 
by  Dr.  F.  H.  Daly  in  the  'Lancet'  for  November  12,  1881.  Also  cases 
recorded  by  Mr.  Wynter  Blyth  in  his  '  Manual  of  Public  Health,'  page  415, 
and  by  Dr.  Ballard  in  his  Middlesbrough  report. 

The  variations,  then,  in  the  property  of  infectiousness  apparently  attach- 
ing to  pneumonia  at  different  times  and  places  are,  Hke  the  variations  in 
type,  consistent  with  the  view  of  there  being  different  kinds  of  pneumonia. 
Differences  in  the  age  incidence,  which  will  be  referred  to  later,  may  also 
possibly  bear  a  like  interpretation,  and  the  subject  is  well  deserving  of  very 
-careful  inquiry.  It  must,  however,  be  remembered  in  such  inquiry  that 
variations  in  type,  infectiousness,  and  age  incidence,  do  not  necessarily  imply 
specific  distinctions  in  the  ailments  exhibiting  them.  They  may  all  be  thought 
of  as  possibly  representing  differences  in  the  virulence  of  one  and  the 
same  contagium  vivum.  That  this  may  be  so  as  regards  differences  of 
type  is  matter  of  common  knowledge  ;  and  there  are  reasons  for  thinking 
that  it  may  likewise  be  so  as  regards  infectiousness  and  age  incidence.  It  is 
possible  therefore  that  ordinary  sporadic  lobar  pneumonia  is  capable,  under 
conditions  especially  favourable  to  the  pathogenicity  of  its  contagium  vivum, 
of  passing  from  time  to  time  into  an  epidemic  form  of  a  typhoid  character, 
with  a  high  fatality  and  an  appreciable  degree  of  infectiousness. 

No  race  is  exempt  from  lobar  pneumonia,  but  many  coloured  races,  par- 
ticularly negroes,  are  especially  susceptible  to  it.  As  regards  sex,  the 
mortality  at  all  ages  together,  according  to  Dr.  Longstaff,  is  greater  for 
males  than  females,  almost  in  the  proportion  of  three  to  two.  The  dis- 
parity is  most  marked  at  ages  35-65,  when  males  suffer  more  than  females, 
in  the  proportion  of  two  to  one.  It  must  not,  however,  be  concluded  that, 
case  for  case,  pneumonia  is  more  fatal  to  males  than  females.  As  a  general 
rule  the  reverse  is  the  fact.^     According  to  Huss's  statistics,  the  relative 

'  See  article  on  '  Pneumonia,'  by  the  late  Dr.  Wilson  Fox,  in  Reynolds's  System  of 
Medicine,  1st  edit.  p.  689. 
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fatality  among  the  two  sexes,  given  an  equal  number  of  attacks  for  each,  is- 
males  ten,  females  fourteen.  It  would  thus  appear  that  more  males  die  of 
pneumonia  than  females  because  many  more  are  attacked — that,  in  other 
words,  the  liability  to  attack  is  much  greater  in  males,  but  the  liability  to 
death  if  attacked  is  greater  in  females. 

With  respect  to  age,  the  recorded  mortality  is  highest  at  the  extremes  of 
life,  being,  however,  about  three  times  as  great  in  the  first  year  of  life  as  in 
old  age.  It  falls  very  rapidly  through  the  first  three  years,  and  more  gradu- 
ally to  the  thirteenth  year,  when  it  attains  its  minimum.  Subsequently  it 
rises  steadily  throughout  the  remainder  of  life.  The  fataUty,  or  case  mor- 
tality, in  relation  to  age,  differs  from  the  mortality  in  that  it  is  greatest  in 
advanced  life.  Except,  perhaps,  for  the  first  year  or  two  of  life,  it  is  low 
during  childhood  and  adolescence,  but  after  about  the  thirtieth  year  it 
increases  steadily  with  advancing  years. 

Of  the  general  fatahty  of  pneumonia  at  all  ages  together  it  is  difficult  to- 
speak  definitely,  since  this  varies  considerably  in  different  times  and  places. 
Among  Huss's  cases  (2,618  in  number)  it  was  10  per  cent,  of  the  attacks.  By 
other  observers  it  has  been  found  to  range  considerably  above  and  below  this. 

The  Middlesbrough  epidemic  pneumonia  differed  from  that  of  ordinary 
experience,  among  other  things,  in  having  an  especially  high  fataUty  (21  per 
cent.) ;  in  that  its  fatality  at  all  ages  together  was  greater  among  males  than 
females  ;  and  that  its  incidence  upon  age,  as  judged  by  the  number  of  deaths, 
in  relation  to  the  numbers  living  at  each  age  period,  was  greater  upon  the- 
middle  and  higher  ages  than  is  usual. 

Among  predisposing  causes  of  pneumonia,  other  than  those  which  have- 
been  referred  to,  must  be  mentioned  unwholesome  conditions  of  life  generally. 
The  records  of  pneumonia  epidemics  seem  to  leave  no  doubt  that  over- 
crowding, defective  ventilation,  emanations  from  sewers,  filth  accumulations,, 
and  the  like,  have  had  important  influence  upon  the  prevalence  and  type  of 
the  disease.  As  evidence  of  this  we  have,  as  Hirsch  says,  '  not  only  the  epi- 
demic outbreak  and  prevalence  of  pneumonia  in  confined  and  circumscribed 
buildings — barracks,  prisons,  and  such-Uke — where  the  factor  in  question 
has  been  pecuharly  noticeable  at  the  time  of  the  outbreak  and  so  long  as  it 
lasted,  but  also  the  fact  that  in  a  number  of  epidemics  which  have  spread 
over  whole  villages,  those  streets  or  houses  have  suffered  most  that  were 
principally  exposed  to  the  particular  harmful  influences.' 

In  the  epidemic  at  Middlesbrough,  Dr.  Ballard  found  good  reason  for 
attributing  considerable  influence  to  defective  drainage  as  an  agency  in  the 
incidence  of  the  disease. 

As  regards  influences  special  to  the  individual,  fatigue  and  debihty  pre- 
dispose both  to  attack  and  death.  Persons  whose  constitutions  are  damaged 
by  the  abuse  of  alcohol  are  well  known  to  be  particularly  liable  to  die  of 
pneumonia. 

The  not  uncommon  occurrence  of  pneumonia  in  association  with  other 
diseases,  notably  enteric  fever,  malaria,  and  influenza,  raises  the  question  as 
to  the  relationship  of  the  pneumonia  in  such  cases  to  the  diseases  in  question. 
Is  it,  for  example,  that  in  certain  instances,  and  owing  to  some  relatively 
unusual  conditions,  the  enteric  fever  virus,  instead  of  selecting  the  intestines 
for  its  chief  local  operations,  attacks  also,  and  perhaps  most  conspicuously, 
the  lungs  ?  Or,  again,  is  it  that  the  diseases  in  question  predispose  to 
independent  attack  by  pneumonia  ?  As  a  third  conceivable  hypothesis,  it. 
might  be  suggested  that  the  cases  under  consideration  are  examples  of  hybrid- 
ism. It  is  impossible  at  present  to  find  definite  answers  to  these  questions. 
Perhaps  the  phenomena  referred  to  may  in  some  cases  be  due  to  one,  and  in 
some  to  another,  of  the  causes  suggested. 


NATUBAL  HISTOBY  OF  INFECTIOUS  DISEASES       373 

A  question  allied  to  those  above  raised  presents  itself  in  connection  with 
■the  particular  outbreaks  of  pneumonia  in  Middlesbrough  and  Scotter.  They 
were  apparently  outbreaks  of  one  and  the  same  disease,  and  a  disease, 
moreover,  which  in  certain  particulars  differed  from  pneumonia  as  ordinarily 
■met  with.  Now  the  fact,  speaking  broadly,  that  these  unusual  epidemics  of 
pneumonia  had  some  sort  of  time  relation  to  the  pandemic  diffusion  ot 
influenza  throughout  the  world  might  suggest  a  relationship  between  the  two 
-diseases— that  the  pneumonia  of  Middlesbrough  and  Scotter  was,  in  fact, 
an  expression  of  influenza.  Against  this  view  it  might  be  urged  that  the 
pneumonia  at  Middlesbrough  was  epidemic  more  than  a  year  before  the 
European  prevalence  of  influenza  occurred ;  but  with  respect  to  this  there  is 
the  fact  that,  as  early  as  February  1887  an  epidemic  of  an  unknown  in- 
fectious disease  had  occurred  at  Northallerton,  in  Yorkshire,  and  had  been 
considered  by  the  late  Dr.  Page,  who  investigated  it  for  the  Local  Govern- 
ment Board,  as  allied  to,  if  not  actually  identical  with,  epidemic  influenza. 
Another  objection  to  the  thesis,  however,  is  found  in  the  fact  that  the 
pneumonia  which  occurred  at  Middlesbrough  in  1888,  although  unusually 
abundant  in  quantity,  seems  in  some  respects,  at  least,  to  have  resembled  in 
■character  the  pneumonia  met  with  in  that  particular  locality  in  previous 
years.  On  the  other  hand,  it  must  be  noted  that  in  the  incidence  of  its 
mortahty  upon  age  the  Middlesbrough  pneumonia  exhibited  a  greater  re- 
semblance to  influenza  than  to  the  usual  pneumonia  of  this  country ;  and 
lastly,  it  is  somewhat  suggestive  to  note  that  in  two  out  of  five  cases  of 
•croupous  pneumonia  following  influenza,  Dr.  Klein  ^  has  found  *  in  large 
numbers,  almost  in  pure  culture,'  the  particular  micro-organism  which  he 
identified  as  the  cause  of  the  Middlesbrough  pneumonia. 


YELLOW   FEVEE 

Synon.  :  Fr.  Fi^vre  jaune;   Ger.  Gelbes  Fieber;  It.  Fehbre  gialla. 

History  and  Geographical  Distribution. — Yellow  fever  is  endemic  only  in 
■certain  comparatively  limited  areas  of  the  earth's  surface,  whence  it  from 
time  to  time  extends  in  epidemic  and  even  pandemic  fashion — thus,  as 
in  many  other  respects  (though  on  a  different  scale),  strikingly  resembling 
cholera.  Its  two  principal  endemic  centres  are  :  (1)  The  coast  of  the  Gulf  of 
Mexico  and  the  West  India  Islands  ;  and  (2),  a  limited  portion  of  the  West 
Coast  of  Africa,  notably  Sierra  Leone.  AVhether  the  disease  originated 
independently  at  these  two  centres,  or  whether,  as  seems  more  probable,  both 
d  priori  and  in  view  of  the  recorded  behaviour  of  the  disease  in  more  modern 
times,  at  one  only  of  them,  being  subsequently  carried  to  the  other,  it  is 
impossible  to  decide  definitely  from  the  historical  data  available.  The  diffi- 
culties of  an  inquiry  into  the  point  are,  moreover,  increased  by  the  fact  that 
the  severe  forms  of  malarial  sickness  have  very  frequently  been  mistaken 
for  yellow  fever.  And  although  there  is  suggestion  that  yellow  fever  was 
prevalent  among  the  natives  on  the  shores  of  the  Gulf  of  Mexico  prior  to  the 
discovery  of  America,  it  is  impossible  to  affirm  this  with  confidence.  But 
on  the  whole,  having  in  view  the  fact  that  the  first  reliable  accounts  of  the 
disease  in  Africa  are  of  a  considerably  later  date  than  those  in  the  West 

*  Page  128,  ante. 
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Indies,  it  seems  likely,  as  Hirsch  says,  that  the  West  Coast  of  Africa  '  was^ 
infected  from  the  Antilles,  afterwards  becoming  an  endemic  focus  when  tha 
disease  got  naturalised,'  and  that  in  the  "West  Indies  we  have  the  head- 
quarters and  original  home  of  the  disease.  Nevertheless,  yellow  fever 
apparently  existed  on  African  soil  before  the  first  African  epidemic  of  which 
we  have  record,  since  this  epidemic,  which  occurred  at  St.  Louis  (Senegal),, 
is  said  to  have  been  traced  to  importation  from  Sierra  Leone. 

In  any  case,  the  first  unequivocal  accounts  of  yellow  fever  in  any  country 
come  from  the  West  Indies  towards  the  middle  of  the  seventeenth  century, 
when  the  disease  was  very  fatal  in  Guadeloupe,  appearing  about  the  same 
time  at  Barbadoes  and  Cuba.  The  first  known  epidemic  at  Vera  Cruz,  the 
principal  seat  of  the  disease  on  the  Mexican  coast,  seems  to  have  occurred  in 
the  year  1699.  On  the  West  Coast  of  Africa,  the  first  recorded  outbreak  was 
that  already  referred  to  at  St.  Louis,  and  occurred  in  1778.  Subsequently 
to  the  dates  given  the  disease  has  been  very  frequently  prevalent  on  the 
Mexican  coast  and  the  West  India  Islands,  and  on  the  West  Coast  of  Africa. 
The  particular  localities  in  those  endemic  centres  at  which  the  most  frequent 
prevalences  have  occurred  are  as  follow  : — Mexican  Coast — Vera  Cruz  and 
Tampico  ;  West  Indies — Martinique,  San  Domingo,  Jamaica,  Guadeloupe, 
Antigua,  Cuba,  Santa  Cruz,  and  St.  Thomas  ;  West  Coast  of  Africa — Sierra 
Leone  and  Senegambia.  During  and  since  the  eighteenth  century  yellow 
fever  has  also  frequently  extended  up  the  east  coast  of  North  America,  the 
highest  points  reached  being  apparently  Halifax  (44°  39'  North)  and  Quebec 
(46°  50'  North).  It  first  appeared  in  New  York  in  1693,  and  has  since  been 
more  or  less  prevalent  there  on  some  twenty-one  occasions,  the  last  of  which 
was  in  1870. 

The  places  in  the  United  States,  in  addition  to  New  York,  which  have- 
suffered  the  most  frequent  visitations  are  New  Orleans,  Philadelphia, 
Charleston,  Mobile,  Pensacola,  Norfolk,  and  Baltimore.  In  New  Orleans^ 
judging  from  the  mortality  table  given  by  Dr.  Sternberg,^  the  disease  was 
almost  continuously  present  from  1817  to  1858.  But  with  respect  to  yellow 
fever  in  the  United  States  Dr.  Sternberg  remarks  that,  '  although  it  has 
occasionally  prevailed  as  an  epidemic  in  every  one  of  our  seaport  cities  as  far 
north  as  Boston,  and  in  the  Mississippi  Valley  as  far  north  as  St.  Louis,  it  has 
never  established  itself  as  an  epidemic  [  ?  endemic]  disease  within  the  limits 
of  the  United  States.' 

The  most  important  epidemics  in  the  United  States  were  the  following : — 
1793,  in  Philadelphia  (deaths  4,040,  said  to  have  equalled  10  per  cent,  of  the 
population) ;  1797,  in  Philadelphia  (deaths  1,300) ;  1798,  Philadelphia  and 
other  places,  including  New  York  (deaths  in  Philadelphia,  3,645,  said  to 
have  been  80  per  cent,  of  attacks  ;  in  New  York,  2,080) ;  1853,  States  of 
Florida,  Alabama,  Louisiana,  Mississippi,  Arkansas,  and  Texas  (deaths  in 
New  Orleans,  Louisiana,  7,970)  ;  1867,  States  of  Texas  and  Louisiana  (deaths 
in  New  Orleans,  3,093 ;  in  Galveston,  Texas,  1,150) ;  1873,  States  of 
Florida,  Alabama,  Mississippi,  Louisiana,  and  Texas ;  1878,  '  the  last  and 
most  extended  epidemic '  in  the  United  States  (Sternberg),  invaded  132 
towns,  chiefly  in  Louisiana,  Tennessee,  Alabama,  and  Mississippi  (deaths 
15,934,  attacks  74,000).  Several  of  these  outbreaks  were  clearly  traced  to 
importation  from  one  or  other  of  the  endemic  centres  of  yellow  fever,  and 
there  can  be  little  doubt  that  they  were,  in  fact,  all  due  to  this  cause. 

As  regards  South  America,  Hirsch  considers  that  prior  to  the  year  1850 
there  are  only  records  of  two  undoubted  epidemics,  both  of  which  occurred 

'  Beport  on  the  Etiology  aiid  Prevention  of  Yellow  Fever,  by  George  M.  Sternberg, 
Lieut.-Col.  and  Surgeon,  U.S.  Army,  p.  44. 
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at  Gruayaquil,  the  first  in  1740,  and  the  second  ha  1842,  and  both  of  which  are 
said  to  have  been  due  to  importation.  In  October  1849,  however,  yellow 
fever  was  imported  into  Bahia,  and  soon  spread  to  Eio  Janeiro,  Pernambuco, 
and  other  places.  Since  that  time  Brazil  has,  apparently,  seldom  been  free 
from  the  disease,  and  the  question  arises  whether  it  has  not  become  truly 
endemic  there.  In  1854  the  disease  was  carried  to  Peru,  and  in  the  next 
few  years  it  spread  to  many  towns  on  the  coast.  Chili  has  so  far  been 
exempt  (Hirsch). 

In  addition  to  its  distribution  in  America  and  Africa,  yellow  fever  has  in 
not  a  few  instances  been  imported  into  Europe,  but  except  in  the  Iberian 
peninsula  it  has  never  attained  any  large  epidemic  proportions.  During  the 
several  epidemics  which  occurred  in  Spain  in  the  eighteenth  century,  the 
disease  was  for  the  most  part  limited  to  Cadiz,  but  in  the  years  1800-1804, 
when  it  again  prevailed  in  Cadiz,  it  spread  largely  over  Andalusia,  extending 
to  the  seaboard  of  Murcia,  Valencia,  and  Catalonia.  In  1810  it  broke  out 
once  more  in  Cadiz,  Cartagena,  and  Gibraltar,  and  '  in  the  two  following 
years  it  appeared  at  the  same  places  anew,  and  from  them  it  again  spread 
through  several  of  the  coast  towns  of  Granada,  Murcia,  and  Valencia.'  From 
1819  to  1821  it  was  a  third  time  epidemic  in  the  provinces  of  Andalusia, 
Murcia,  and  Catalonia.  Since  1821  it  has  four  times  (1823,  1828,  1870,  and 
1878)  been  imported  into  Spain,  but  has  not  attained  any  great  prevalence. 
In  Portugal  there  was  an  epidemic  in  1723,  and  another  in  1856  (120 
cases,  53  deaths — Hirsch),  besides  several  other  importations  which  did 
not  result  in  any  notable  spread  of  the  disease.  In  1804  and  1821  the 
disease  was  carried  from  Barcelona  to  Majorca.  In  1804  it  was  also  im- 
ported into  Leghorn  from  Cadiz.  Cases  have  at  different  times  been  brought 
to  several  other  European  ports,  but  except  as  regards  Brest  (1856),  Saint- 
Nazaire  (1861),  and  Swansea  (1865),  no  epidemic  has  followed.  In  Swansea, 
where  the  disease  was  clearly  brought  by  a  vessel  from  Cuba,  some  twenty- 
six  cases,  fourteen  of  which  ended  fatally,  occurred  among  the  residents  of 
the  locality,^  but,  it  should  be  noted,  exclusively  among  persons  who  either 
resided  in,  or  were  taken  by  their  business  relations  into,  the  neighbourhood 
of  the  infected  vessel. 

The  absolute  limits  of  yellow  fever  distribution,  according  to  present 
experience,  are — for  the  Western  Hemisphere,  34°  54'  south  latitude  (Monte- 
video) and  46°  50'  north  (Quebec) ;  for  the  Eastern  Hemisphere,  8°  48'  south 
(Ascension)  and  51°  37'  north  (Swansea).  In  epidemic  form,  however,  its 
northern  hmits  have  been  43°  4'  (Portsmouth,  N.  Hampshire),  and  43°  34' 
(Leghorn)  in  the  Western  and  Eastern  Hemispheres  respectively. 

Influence  of  Climate  and  Season. — Yellow  fever  is  undoubtedly,  to  a  large 
extent,  controlled  by  climate  and  season.  This  is  evident  from  its  geographical 
distribution,  and  from  the  fact  of  its  being  most  prevalent  in  the  hot  season  of 
the  year.  Nevertheless,  although  heat  is  necessary  for  the  development  of 
an  epidemic,  the  disease,  when  once  well  established,  does  sometimes  persist 
in  spite  of  cool  weather,  though  it  is  invariably  arrested  by  frost.  But  while 
it  is  always  arrested  by  frost,  its  cause  is  not  necessarily  thereby  destroyed, 
but  may,  hke  that  of  cholera,  survive  the  winter,  and  give  rise  to  a  fresh 
epidemic  on  the  return  of  hot  weather.  In  the  case  of  infected  ships,  too,  it 
has  on  different  occasions  been  observed  that  although  the  disease  has  died 
out  as  the  higher  latitudes  have  been  reached,  it  has  reappeared  on  the  return 
of  the  same  ships  to  warmer  climates. 

With  regard  to  the  iniiuence  of  humidity,  the  evidence  for  different  places 

'  See  Sir  George  Buchanan's  Eeport :  Eighth  Report  of  the  Medical  Officer  to  the 
Frivy  Council,  1865.     The  twenty-six  cases  include  six  doubtful  ones. 
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is  somewhat  conflicting.     According  to  Hirsch,  a  higli  degree  of  atmospheric 

moisture  is  generally  favourable  to  yellow-fever  prevalence.  It  has  been 
stated  by  some  observers,  however,  that  in  particular  localities  (the  coast  of 
Guiana  and  Guadeloupe)  dry  weather  favours  the  prevalence  of  the  disease. 

Fatality. — The  fatality  of  yellow  fever  varies  largely  in  different  epi- 
demics. This  is  due  to  several  causes,  and  in  part,  no  doubt,  to  variations 
in  the  malignancy  of  the  virus.  It  depends,  however,  also  in  part  upon  race, 
as  will  be  seen  immediately,  and  particularly  upon  the  degree  of  resistance 
primarily  acquired,  as  a  result  of  acclimatisation,  by  those  attacked.  Among 
unacclimatised  adults,  the  fatality  ranges  from  20  to  60,  or  even  80,  per  cent. 

Influence  of  Bace. — No  race  is  entirely  exempt  from  yellow  fever,  but 
there  is  no  doubt  that  negroes  are  decidedly  less  susceptible  than  the  white 
races.  They  are  less  liable  both  to  attack  and  to  death  in  the  event  of  attack. 
It  is  further  said  that,  broadly,  the  susceptibihty  of  different  people  is  inversely 
as  the  temperature  of  their  native  climate. 

Influence  of  Sex. — Both  the  attacks  and  deaths  are  more  numerous  among 
males  than  females.  This  is,  no  doubt,  largely  owing  to  the  greater  exposure 
of  males  and  to  their  habits — especially  over-indulgence  in  alcohol.  Whether, 
apart  from  these  factors,  males  are  actually  more  liable  to  attack  and  death 
by  yellow  fever  than  females  is  doubtful. 

Influence  of  Age. — In  localities  in  which  the  disease  is  endemic  the 
majority  of  observed  cases  occur  among  persons  in  middle  life,  attacks  among 
children  and  old  persons  being  said  to  be  relatively  few.  In  its  bearing  upon 
the  age  incidence  of  the  disease  this  circumstance  is,  however,  perhaps  some- 
what misleading.  During  epidemics  in  endemic  localities  visitors,  who  have 
not  yet  become  acclimatised,  form  a  large  proportion  of  the  cases,  and  such 
visitors  no  doubt  consist  largely  of  adult  males.  And  further,  it  appears  that 
in  localities  in  which  yellow  fever  is  not  actually  endemic,  but  occurs  in  oc- 
casional epidemics,  large  numbers  of  children  are  attacked — for,  unlike  the 
children  in  endemic  areas,  they  are  not  acclimatised.  Even  in  New  Orleans, 
it  seems  that  during  epidemic  periods  children  die  in  large  numbers.  In 
Table  XIX. ^  Dr.  Bemiss  has  shown  the  age  distribution  of  905  cases  which 
occurred  in  that  city  during  the  epidemic  of  1878.  The  age  distribution  of 
the  deaths  and  the  fatality  are  also  shown. 

TABLE    XIX. 


Age                                                      1        Cases 

Deaths 

Per  cent. 

Under  5  years  of  age 

From  5  to  10  years  of  age 

From  10  to  20  years  of  age 

From  20  to  40  years  of  age 

From  40  to  60  years  of  age 

From  60  to  80  years  of  age 

206 
233 
183 
232 

47 
4 

26 

20 

9 

39 

6 

2 

12-67 
8-61 
4-9 
16-7 
12-7 
50-0 

Protection. — One  attack  of  yellow  fever  usually  confers  immunity, 
though  second  attacks,  apparently,  sometimes  occur.  But  apart  from  any 
recognised  attack  of  the  disease,  there  is  no  doubt  that  a  large  degree  of  im- 
munity may  be  acquired  by  long  residence  in  a  yellow-fever  country.  With 
respect  to  this  Dr.  Sternberg  remarks  :  '  It  is  a  remarkable  fact  that  the  popu- 
lation of  a  large  city  like  Havana,  or  Kio  Janeiro,  in  which  yellow  fever  has 
been  endemic  for  a  series  of  years,  enjoys  such  a  degree  of  immunity  from  the 
effects  of  the  deadly  poison  that  there  is  no  interruption  of  business  or 
pleasure  at  a  time  when  strangers  in  the  city  are  falling  sick  on  every  side. 

'  Taken  from  Dr.  Sternberg's  Eeport. 
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The  development  of  an  epidemic  in  these  cities  depends  [  ?  partly]  upon  the 
|)resence  of  susceptible  strangers  in  sufficient  number  to  furnish  a  series  of 
cases  considered  large  enough  to  justify  the  use  of  the  word.  .  .  .  Under  ex- 
■ceptional  circumstances,  however,  epidemics  are  developed  in  these  endemic 
foci  of  the  disease,  in  which  those  who,  by  birth  or  long  residence,  were 
supposed  to  be  acclimatised  furnish  a  certain  quota  to  the  general  mortality.' 
This  is  of  interest  as  illustrating  the  fact  that  the  infectivity  of  a  given 
disease  is  not  a  fixed  quantity,  and  that,  therefore,  a  degree  of  immunity 
sufficient  to  be  proof  against  infection  during  one  epidemic  may  not  prevent 
attack  during  another  epidemic  of  the  same  disease.  Hirsch,  also,  remarks 
that  the  '  peculiar  immunity  [of  the  negro]  proves  "  insufficient  "  in  severe 
•epidemics  of  yellow  fever.' 

But  it  is  certain  that  those  habitually  residing  in  yellow  fever  localities 
■enjoy  a  large  relative  immunity,  and  the  question  arises  whether  such 
immunity  is  transmissible  by  heredity,  or  whether  it  is  entirely  acquired  by 
•each  individual  for  himself.  Many  authorities  have  advocated  the  hereditary 
theory,  and  it  seems  possible  that  immunity  is  transmissible.  On  the  other 
hand,  it  is  more  likely,  as  Dr.  Sternberg  says,  that '  the  Creole  child  owes  his 
immunity  not  to  his  parents,  but  to  individual  acclimatisation,  and  not 
unfrequently,  to  say  the  least,  to  a  mild,  unrecognised  attack  of  yellow  fever.' 
In  support  of  this  view  Dr.  Sternberg  quotes  Dr.  Dowler  to  the  effect  that 
"*  many  creole  children  had,  during  the  epidemic  of  1853,  a  fever,  a  sHght 
fever,  yellow  fever  if  you  please,  known  as  such  rather  by  the  co-existence  of 
the  epidemic  than  from  any  severe  symptoms  among  these  children,  a  slight 
fever  never  yet  described,  having  generally  but  one  paroxysm,  lasting  from  six 
hours  to  one,  two,  or  three  days,  scarcely  ever  requiring  medication.     That 

•  a  few  of  these  cases  acquired  an  alarming  violence,  and  even  proved  fatal,  is 
most  true,  most  deplorable.'  Lastly,  it  is  clear  that  the  immunity  due  to 
•  acclimatisation '  may  be  largely  lost  by  residence  outside  the  yellow  fever 
zone,  and  this  seems  true  also  of  the  pronounced  immunity  of  the  (African 
born)  negro  race.  Further,  the  immunity  gained  by  residence  in  a  particular 
yellow  fever  locality  appears  to  be,  to  some  extent  at  least,  special  to  that 
locality.  Thus,  it  has  been  pointed  out  by  Humboldt  and  others  that  the 
natives  of  Vera  Cruz,  who  remain  exempt  while  at  home,  are  liable  to  die  of 
yellow  fever  if  they  migrate  to  Havana,  or  some  other  place  in  which  yellow 
fever  is  endemic.  According  to  Cornuel^  also,  if  two  bodies  of  troops 
stationed  at  different  points  in  the  Antilles  exchange  garrisons,  yellow  fever 
is  apt  to  break  out  among  both,  though  other  troops  who  have  remained  in 
the  same  garrisons  remain  unaffected. 

The  most  efficient  and  permanent  immunity  is,  without  doubt,  that  which 
results  from  a  well-marked  attack  of  yellow  fever,  though  even  this  immunity 
has  been  alleged  by  some  observers  to  be  lost  by  long  absence  from  endemic 

.  localities. 

Cause  and  Mode  of  Dissemination. — Judging  both  from  its  clinical 
features  and  epidemiological  behaviour,  there  are  strong  grounds  for  believing 
yellow  fever  to  be  a  microbic  disease,  but  as  yet  the  particular  micro-organism 
upon  which  it  may  be  presumed  to  depend  has  apparently  not  been  identified. 
Several  observers,  notably  Dr.  Domingos  Freire,  of  Brazil,  and  Dr.  Carmona 
y  Valle,  of  Mexico,  have  described  different  micro-organisms  which  they 
regard  as  standing  in  causal  relation  to  the  disease  ;  but  Dr.  Sternberg,  who 
has  specially  studied  the  matter  on  behalf  of  the  United  States  Government, 

.  and  whose  report  has  been  already  referred  to,  believes  that  he  has  been 

•  able  to  exclude,  in  a  definite  manner,  each  of  these  several  micro-organisms. 

'  Annal.  Marit.  1844,  ii.  739. 
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It  has  already  been  seen  that  yellow  fever  is  endemic  only  in  certain 
localities,  and  the  evidence  seems  to  show  conclusively  that  when  it  has 
occurred  elsewhere  its  occurrence  has  been  due  to  importation.  It  is  true, 
no  doubt,  that  in  particular  instances  the  disease,  having  been  imported  into 
previously  uninfected  places,  has,  notwithstanding  that  it  has  died  down 
during  the  cold  weather,  survived  the  winter,  to  reappear,  independently  of 
any  fresh  importation,  the  following  year.  And,  further,  where  the  con- 
ditions are  favourable,  the  importation  of  the  disease  may  perhaps  lead  to 
the  establishment  of  a  fresh  endemic  centre ;  this  has  possibly  occurred 
during  the  latter  half  of  the  present  century  in  Brazil.  But  apart  from  such 
resuscitations  and  the  establishment  of  new  endemic  foci — themselves,  in  the 
first  instance,  referable  to  importation — the  occurrence  of  the  disease  else- 
where than  in  the  Gulf  of  Mexico,  the  West  Indies,  and  the  Guinea  Coast 
has  practically,  with  few  exceptions,  been  definitely  traced  to  the  arrival  of 
persons  or  things  from  one  or  other  of  the  localities  last  named.  There  is 
thus,  so  far,  no  evidence  of  the  latter-day  de  novo  origin  of  the  disease,  even 
in  the  senses  indicated  in  the  introductory  section  to  this  article. 

And  if  the  behaviour  of  the  disease  is  studied  in  more  detail,  the  same 
general  result  is  brought  out.  '  An  analysis  of  any  yellow  fever  epidemic,' 
says  Hirsch,  'shows  certain  groups  of  cases  so  arranged  as  to  constitute 
separate  foci  of  disease,  sometimes  in  single  houses,  sometimes  in  blocks  of 
houses,  or,  again,  in  streets  or  groups  of  streets ;  so  that  each  new  case  of 
disease,  as  it  occurs,  may  be  traced  to  infection  of  the  individual  within  any 
one  such  focus.  That  case  may,  in  its  turn,  become  the  centre  of  a  new 
focus.  .  .  .'  And  in  this  way  the  extensions  of  yellow  fever,  once  it  has  been 
introduced  into  non-endemic  localities,  may  frequently  be  traced  back  to  the 
original  introduction. 

There  can  be  little  doubt,  then,  that  in  a  sense  at  least  yellow  fever  is  a 
communicable  disease — a  conclusion  now  accepted  by  almost  all  observers, 
including  a  board  of  American  experts  who  investigated  the  epidemic  of 
1878,  and  who  reported  that  '  the  most  frequent  agency  in  the  dissemination 
of  yellow  fever  from  place  to  place  is  found  in  yellow  fever  patients.  .  .  .' 

But  strong  as  is  the  evidence  upon  which  this  conclusion  is  based, 
evidence  equally  strong  is  forthcoming  to  show  that  the  communicability  of 
yellow  fever  differs  widely  from  that  of  small-pox,  typhus,  and  other  typically 
infectious  maladies,  and  that  in  certain  important  respects  yellow  fever 
more  resembles,  in  the  matter  of  communicability,  enteric  fever  and 
cholera.  It  is  a  matter  of  very  general  experience,  for  instance,  that  those 
in  close  attendance  upon  the  sick  do  not  specially  contract  the  disease.  '  It 
is  weU  known  to  the  people  of  the  City  of  Mexico  that  a  visit  to  the  sea- 
coast  city  of  Vera  Cruz  during  the  epidemic  season  is  likely  to  result  in  an 
attack  of  yellow  fever.  It  is  also  well  established  that  those  who  fall  sick 
with  the  disease  after  their  return  to  the  City  of  Mexico  never  communicate 
it  to  others  who  are  closely  associated  with  them  as  attendants,  &c.  .  .  . 
This  is  also  the  experience  of  the  physicians  in  charge  of  hospitals — e.g.  the 
Charity  Hospital  of  New  Orleans.  So  long  as  the  hospital  and  its  vicinity 
remain  uninfected,  cases  do  not  originate  in  the  hospital,  although  yellow- 
fever  patients  may  be  admitted  to  the  wards  with  unacclimatised  persons 
suffering  with  other  diseases,  and  be  cared  for  by  susceptible  attendants.'  ^ 

Similar  testimony  is  given  by  Lawson  for  Sierra  Leone.  As  regards  the 
epidemic  at  Swansea  in  1865,  Sir  George  Buchanan  points  out  in  his  report 
that  '  persons  [who  had  been]  exposed  to  the  fever-producing  influences 
about  the  docks  lay  sick  of  yellow  fever  in  various  parts  of  the  town  .  .  . 

*  Sternberg,  op.  cit.,  p.  57. 
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yet  in  no  single  instance  out  of  all  these  did  any  person  (whose  business  did 
not  lead  them  to  the  infected  neighbourhood  of  the  docks)  get  yellow  fever 
or  any  disease  at  all  simulating  it.' 

Considering  all  the  facts,  then,  it  appears  clear  that  the  yellow  fever  patient 
does  not  usually  at  any  rate  directly  infect  others,  but  that  he  nevertheless 
gives  off,  in  some  way  or  other,  probably  with  his  discharges,  the  virus  of  the 
disease,  and  that  this,  if  it  should  meet  with  suitable  conditions,  is  capable 
of  infecting  the  particular  locality,  and  of  thus,  indirectly,  giving  rise  to  the 
disease  in  other  persons.  Outside  the  body  the  microphyte  no  doubt  finds  a 
habitat  in  the  soil,  and  it  has  been  observed  by  Thomas,  Barton,  and  others, 
that  breaking  up  the  soil  for  the  purpose  of  cutting  canals,  &c. ,  in  yellow  fever 
countries  has  apparently  given  rise  to  outbreaks  of  the  disease.  It  is  also 
notable  that  the  virus  of  yellow  fever  displays  a  special  ability  to  establish 
itself  in  ships  and  dwellings.  Epidemics  on  ship  board,  occupy  a  conspicuous 
place  in  the  history  of  the  disease  ;  and  that  such  epidemics  have  been  due  to 
the  fact  of  the  ships  themselves  becoming  infected,  and  not  to  the  direct 
transmission  of  the  disease  from  case  to  case,  is  evident  from  the  circum- 
stances of  the  epidemics  in  question.  Such  epidemics,  for  instance,  have 
frequently  been  limited  to  particular  parts  of  the  ship,  as  a  single  cabin,  or 
one  side  of  the  vessel ;  and  it  has  often  been  noticed  that  while  the  seamen 
have  suffered,  the  officers  and  passengers  have  escaped.  As  regards  the 
tenacity  with  which  the  disease  clings  to  dwellings,  Guyon,  as  a  result  of 
Lisbon  experience,  remarked  of  the  infected  house  :  '  whether  there  are  still 
sick  persons  in  it,  or  whether  there  are  no  longer  any,  that  house  will  become 
a  centre  to  reproduce  the  disease  in  the  strangers  who  enter  it ;  and  what  is 
true  of  a  whole  house  applies  also  to  a  part  of  it.' '  Many  observers, 
according  to  Hirsch,  have  reported  to  the  same  effect  from  North  and  South. 
America,  the  West  Indies,  and  Mexico. 

It  has  been  seen  that  the  cause  of  yellow  fever  may  be  conveyed  from 
place  to  place  by  the  sick.  But  it  may,  too,  be  transported  by  fomites.  In 
not  a  few  instances  an  outbreak  of  the  disease  has  followed  the  arrival  of 
ships  which,  although  coming  from  infected  places,  have  apparently  had  no 
actual  sickness  on  board,  either  at  the  time  of  their  arrival  or  during  the 
course  of  the  voyage.  Similarly,  outbreaks  in  towns  have  followed  the 
arrival  of  apparently  healthy  people  from  infected  localities.  A  notable 
instance  of  this  occurred  at  Madrid  in  1878,  when  the  persons  first  attacked 
were  those  who  were  closely  associated  with  some  soldiers  who  are  said  to 
have  been  themselves  in  good  health,  but  who  had  recently  come  from  Cuba, 
bringing  with  them  their  baggage. 

There  are,  however,  certain  apparently  conflicting  facts  with  respect  to  the 
spread  of  yellow  fever  by  the  agency  of  infected  persons  and  things  which 
require  a  further  hypothesis  for  their  reconciliation.  On  the  one  hand,  it  is 
maintained  that  a  single  imported  case  may  act  as  a  focus  for  the  spread  of 
the  disease,  and  that  infected  baggage  from  the  yellow  fever  zone  may  also 
set  up  the  disease  elsewhere.  On  the  other  hand,  it  is  said  that  '  even  the 
most  intimate  kinds  of  contact,  such  as  the  healthy  and  the  sick  sleeping  in 
one  bed,  the  attendance  of  physicians  and  nurses  upon  the  sick,  the  use  of 
the  uncleansed  linen,  clothes,  or  beds  of  yellow-fever  patients,  post-mortem 
examinations  of  their  bodies,  and  the  like,  .  .  . '  ^  have  usually  failed  to  spread 
the  disease.  In  respect  to  this  seeming  paradox  it  has  to  be  remembered 
that  it  is  probably  not  every  case  of  yellow  fever  that  is  capable  of  repro- 
ducing its  kind.  Moreover,  it  may  be  that  the  yellow  fever  microphyte  is 
infective  in  certain  phases  and  not  in  others,  and  particularly  that,  as  has 
^  Hirsch,  op.  ciL,  vol.  i.  p.  376.  *  Ibid.,  op.  cit.,  vol.  i.  p.  372. 
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been  often  suggested  with  regard  to  cholera,  it  is  not  infective  immediately 
after  leaving  the  patient,  but  requires  time  to  undergo  some  functional 
modification  outside  the  hum.an  body.  This  is  rendered  probable  from  the 
•experience  that  the  '  first  cases  of  local  origin  in  an  epidemic  do  not,  as  a 
rule,  occur  until  some  time  has  elapsed  after  the  arrival  of  the  infected  ship 
or  fomites  or  sick  person  responsible  for  the  introduction  of  the  "  germ."  '  * 

In  addition  to  the  conveyance  of  the  yellow  fever  germ  by  persons  and 
things,  instances  of  the  spread  of  the  disease  from  one  ship  to  another,  or  from 
the  shore  to  the  ship,  or  the  ship  to  the  shore,  have  often  been  brought  forward 
as  evidence  of  the  carriage  of  the  germ  for  considerable  distances  by  the  wind. 
But  it  is  by  no  means  clear  that  in  the  instances  in  question  indirect  human 
agency  has  been  sufficiently  excluded.  For  the  present,  therefore,  the  ques- 
tion must  be  left  open,  the  probability,  based  upon  the  general  behaviour  of  the 
disease,  being  against  the  transport  of  the  virus  to  any  distance  by  winds. 

There  is  at  present  no  evidence  that  yellow  fever  is  spread  by  infected 
water  or  milk.  The  absence  of  evidence  on  these  points,  however,  must  not 
be  taken  as  excluding  the  agencies  in  question,  and,  judging  from  the 
analogy  of  enteric  fever  and  cholera,  there  is,  as  Parkes  observes,  '  a  priori 
probability  that  the  cause  is  swallowed  also  in  this  case,  and  that  it  may 
possibly  enter  with  the  drinking-water.' 

As  regards  the  general  conditions  which  favour  the  prevalence  of  yellow 
fever,  heat  no  doubt  occupies  a  foremost  place.  This,  however,  has  already 
been  considered.  The  influence  of  humidity  has  also  been  referred  to. 
Another  factor  of  importance  is  proximity  to  the  sea.  Yellow  fever  is 
essentially  a  disease  of  coast  districts  and  the  banks  of  great  navigable 
rivers,  particularly  the  former,  and  it  seems  only  when  the  disease  acquires 
a  high  epidemicity  that  it  penetrates  inland,  its  tendency  to  spread  inland, 
for  instance,  being  apparently  much  less  than  that  of  cholera.  Altitude  is 
also  a  factor  which  influences  adversely  yellow  fever  prevalence.  In  certain 
particular  instances  it  is  true  that  it  has  occurred  in  localities  having  con- 
siderable elevation.  Thus,  it  has  once  or  twice  prevailed  at  Camp  Jacob,  in 
Guadeloupe  (elevation  1,800  feet),  and  at  Newcastle,  in  Jamaica  (4,000  feet). 
But  this  is  exceptional,  and  as  a  general  rule  it  is  a  disease  of  the  low-lying 
country.  It  does  not  appear,  however,  that  it  is  especially  prone  to  occur  in 
malarious  districts,  as  has  so  frequently  been  alleged — an  allegation  probably 
due  to  the  frequency  with  which  the  severe  forms  of  malarial  disease  have 
been  mistaken  for  yellow  fever.  The  latter  disease  has,  in  fact,  often  pre- 
vailed extensively  in  neighbourhoods  relatively  free  from  malaria  ;  while,  on 
the  other  hand,  there  are  malarious  districts  in  the  yellow  fever  zone  which 
are  almost  entirely  free  from  yellow  fever.  Extremely  strong  arguments 
against  the  malarial  nature  of  yellow  fever  are  also  found  in  the  fact  that 
yellow  fever  is  almost  entirely  a  disease  of  the  towns,  and  that  it  occurs 
freely  on  board  ship.  On  the  whole,  it  would  not  appear  that  the  disease  is 
largely,  if  at  all,  influenced  by  the  particular  kind  of  soil.  Insanitary 
conditions,  however,  seem  to  be  of  real  importance.  The  '  places  where  the 
causes  of  the  disease  principally  prevail  are,'  according  to  Bone, '  the  vicinity 
of  foul  drains,  the  banks  and  channels  of  rivers  which  are  dry  at  certain 
periods,  the  leeward  openings  of  gullies,  and  crowded  and  ill-ventilated 
rooms,  and  ships  with  foul  holds.'  And  there  is  a  mass  of  evidence  to  the 
same  effect  from  other  observers. 

Among  the  predisposing  causes  special  to  the  individual,  excessive  fatigue, 
undue  exposure  to  the  sun,  mental  depression,  and  the  debility  following 
upon  a  debauch,  are  probably  among  the  most  important.     As  regards  the 

'  Sternberg,  op.  cit.,  p.  58. 
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last,  Dr.  Sternberg  remarks  that  *  sailors  who  go  on  shore  at  an  infected 
port  for  '*  a  little  spree  "  very  commonly  turn  up  in  the  hospital,  or  are  taken 
sick  after  they  come  on  board  ship.  .  .  .'  Constipation  and  plethora  have 
been  also  mentioned  as  predisposing  conditions. 

Period  of  Incubation. — This  is  usually  short,  ranging  between  twenty- 
four  hours  and  four  or  five  days.  According  to  scwne  observers,  however,  it 
may  extend  to  fourteen  days,  or,  exceptionally,  even  to  five  or  six  weeks. 
Such  exceptionally  long  periods  of  incubation  seem,  from  general  experience,, 
to  be  improbable,  and  it  is  more  likely  that  they  are  to  be  explained  by 
infection  through  the  agency  of  fomites  at  a  considerably  later  date  than  had 
been  supposed. 
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History  of  Small-pox 

Few  medical  subjects  have  been  the  cause  of  more  learned  investigation 
and  controversy  than  the  history,  and  especially  the  antiquity,  of  smaU-pox. 

The  earliest  records  of  its  existence  are  to  be  found  in  Hindostan  and  in 
China.  Holwell '  says  that  a  special  deity  was  invoked  by  the  Brahmins  to 
ward  off  smaU-pox,  and  that  the  form  of  service  used  on  these  occasions,  as 
also  during  the  performance  of  inoculation,  is  prescribed  in  the  Atharva  Veda 
very  many  centuries  before  the  Christian  era.  Next  in  order  of  antiquity, 
small-pox  is  stated  to  have  been  unknown  in  China  ^  until  the  dynasty  of 
Tsche-u,  which  began  in  the  twelfth  century  B.C.,  and  extended  to  the  third 
century  B.C.  Inoculation  is  said  to  have  been  invented  in  China  about 
590  A.D. 

In  Arabia,  the  earliest  known  writer  on  the  subject  is  Ahron,  who  practised 
in  Alexandria  in  the  time  of  the  Emperor  Heraclius  (610-641  a.d.).  Messue 
the  Elder,  another  Arabian  physician  who  wrote  on  small-pox,  died  about 
857  A.D.  But  for  what  is  known  of  the  writings  of  Ahron,  Messue,  and 
others  we  are  indebted  to  Ehazes,  physician  to  the  hospital  at  Bagdad,  who 
died  about  923  or  930  a.d.  His  treatise  on  small-pox  and  measles  is  well 
known,  and  has  been  fi'equently  translated.  In  his  own  time  the  disease 
was  evidently  not  new,  and  it  is  hardly  conceivable  that,  had  either  Ahron,  or 
Messue,  or  the  other  writers  quoted  by  Ehazes,  spoken  of  it  as  of  recent 
introduction  in  their  day,  he  would  have  failed  to  note  so  interesting  a  fact. 
The  great  prevalence  of  the  disease  is  shown  by  the  theory  of  its  causation 
propounded  by  Ehazes,  the  object  of  the  theory  being  to  explain  '  why  hardly 
anyone  escapes '  attack. 

In  Greece  and  Borne. — Whether  or  not  the  disease  had  been  known  to 
the  ancient  Greeks  and  Eomans  centuries  previous  to  Ahron's  time  has  been 
very  keenly  disputed  by  medical  writers,  from  Ehazes  in  the  tenth  century 
to  Willan  in  the  nineteenth.^  The  chief  cause  of  the  remarkable  divergences  of 
opinion  which  have  prevailed  is  undoubtedly  to  be  found  in  the  fact  that  the 
ancient  writers  looked  on  the  principal  epidemic  diseases  mainly  as  varying 
manifestations  of  one  and  the  same  fundamental  cause.  The  Greek  loimos, 
and  the  Latin  pestis,  or  pestilentia,  covered  everything  with  which  they  were 
acquainted  in  this  connection.  When  Ehazes  was  translated  into  Greek, 
smaU-pox  was  rendered  loimic  disease  (Trept  Aoi/xikt}?),  and  when  into  Latin, 
the  corresponding  term  was  'pestis.'  The  discussion  as  to  Greece  and 
Eome  is,  on  the  whole,  of  so  speculative  a  nature  that  one  cannot  avoid  falling 
in  with  the  opinion  of  Greenhill  '^  that,  in  spite  of  all  that  has  been  urged  by 
Willan,  the  presence  of  this  disease  in  these  countries  '  cannot  be  proved,' 
neither  can  it  be  disproved. 

'  Account  of  the  Manner  of  Inoculating  for  the  SmaU-pox  in  the  East  Indies,  1767. 

2  Mimoires  concernant  I'histoire,  les  sciences,  Sc,  des  Chinois,  par  lesmission  naires 
de  P6kin,  torn.  iv.  p.  392.     Quoted  in  Moore's  History  of  the  Small-pox,  pp.  22-3,  1815. 

^  Willan's  Inquiry  into  the  Antiquity  of  the  Small-pox,  Measles,  and  Scarlet  Fever. 
Edited  by  Ashby  Smith.     London,  1821. 

*  The  most  convenient  translation  of  Ehazes'  work  is  the  Sydenham  Society's,  by  Dr. 
Greenhill,  1848. 
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Willan  is  more  successful  where,  leaving  aside  the  interpretation  of  parti- 
cular words,  he  is  able  to  find  references  to  the  general  appearances  and 
effects  of  what  he  holds  to  have  been  small-pox.  The  early  Christians, 
inspired  by  their  religion,  mingled  without  fear  with  the  victims  of  pestilence, 
and  in  nursing  obtained  a  knowledge  of  the  forms  of  epidemic  disease. 
Eusebius  describes  a  disorder  which  contributed  to  the  epidemic  that 
prevailed  in  Syria  in  302  a.d.,  and  it  is  not  easy  to  get  over  such  facts  as 
that  it  was  characterised  by  a  dangerous  eruption,  which,  unlike  the  true 
plague,  spread  over  the  whole  body  ;  which  also  affected  the  eyes,  and  often 
resulted  in  loss  of  sight ;  which  had  the  effect  of  protecting  against  a  second 
attack  of  the  same  disorder ;  and  whose  eruption  was,  according  to  a  later 
writer,  accompanied  by  a  very  offensive  smell. 

Gregory  of  Tours  also  makes  a  detailed  statement  relating  to  the  latter 
part  of  the  sixth  century  ;  '  De  Lue  quse  cum  vesicis  fuit.'  Willan  translates 
Gregory's  narrative  thus  (p.  91) : — '  Last  year  the  State  of  Tours  was 
desolated  by  a  severe  pestilential  sickness  (Lue  valetudinaria).  Such  was  the 
nature  of  the  infirmity  (languor)  that  a  person,  after  being  seized  with  a 
violent  fever,  was  covered  all  over  with  vesicles  and  small  pustules  (vesicis 
ac  minutis  pustulis).  The  vesicles  were  white,  hard,  unyielding,  and  very 
painful.  If  the  patient  survived  to  their  maturation,  they  broke  and  began 
to  discharge,  when  the  pain  was  greatly  increased  by  the  adhesion  of  the 
clothes  to  the  body.  .  .  .  Among  others,  the  Lady  of  Count  Eborin  while 
labouring  under  this  pest  was  so  covered  with  the  vesicles  that  neither  her 
hands,  nor  feet,  nor  any  part  of  the  body  remained  exempt,  for  even  her  eyes 
were  wholly  closed  up  by  them.  When  nearly  at  the  point  of  death  she 
received  some  of  the  water  in  which  the  tomb  of  the  blessed  Saint  had  been 
washed  at  the  Lord's  Passover.  This  having  been  taken  as  a  drink,  and 
applied  to  her  sores,  the  fever  abated,  the  discharge  from  the  vesicles  was 
made  without  pain,  and  she  was  soon  after  healed.'  Gregory  further  says 
that  '  the  most  dangerous  period  of  the  pusulse  [=  pustuls]  is  the  time  of 
scabbing,  or  incrassation  of  the  virus.'  It  is  a  point  of  interest  to  find  that 
Marius,  Bishop  of  Avenche,  a  contemporary  of  Gregory,  when  writing  of 
what  Willan  beheves  to  have  been  the  same  epidemic,^  uses  the  word  '  variola ' 
in  describing  it.  He  says  : — '  This  year  (i.e.  a.d.  569-570)  a  violent  fever, 
with  flux  of  the  bowels  and  variola,  afflicted  both  Italy  and  France.'  It  is 
on  account  of  this  statement  that  Marius  is  claimed  as  the  first  who  used 
the  word  variola  in  its  modern  sense.  ^ 

In  Europe  in  the  Middle  Ages. — Freind,  in  his  *  History  of  Physic,'  and 
Moore,^  and  nearly  all  later  writers,  agree  in  attributing  the  spread  of 
small-pox  in  Europe  mainly  or  entirely  to  the  Arabians.  Moore  traces  its 
history  from  the  time  when  small-pox  broke  up  the  Abyssinian  army  at  the 
siege  of  Mecca,  in  569  or  570  a.d.  In  the  course  of  their  conquests  the 
Arabians  carried  it  to  the  countries  along  the  southern  shores  of  the 
Mediterranean  in  the  latter  half  of  the  seventh  century,  whence,  he  says, 
it  was  introduced  by  the  Moors,  through  Spain  and  France,  into  the  con- 
tinent of  Europe,  so  that  by  the  ninth  or  tenth  century  it  had  reached  Saxony, 

'  Marius  refers  to  France  and  Italy  in  the  year  570,  and  Gregory  to  the  State  of  Tours 
soon  after  573  (Willan,  p.  96). 

^  '  C'est  Marius  d'Avanches  qui  le  premier  parait  avoir  employ6  le  mot  variolic  pour 
designer  la  maladie  qui  nous  occupe  '  (Nouveau  Dictionnaire  de  Midccine  et  de  CMrurgie 
(Jaccoud),  tome  xxxviii.  pp.  306-7,  '  Variole.') 

*  Moore  is  one  of  the  few  really  brilliant  English  wi'iters  on  medical  subjects.  He 
was  a  son  of  Dr.  Moore,  of  Glasgow,  and  a  brother  of  Sir  John  Moore.  His  most  notable 
works  are:  A  Reply  to  the  Anti-Yaccinists  (1806),  and  the  History  of  Small-jjox  (1815). 
He  was  Director  of  the  National  Vaccine  Estabhshment. 
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Switzerland,  and  England.  But  in  Europe  in  the  Middle  Ages  only  glimpses 
of  small-pox  can  be  obtained  through  the  darkness  which  everywhere  pre- 
vailed. In  the  practical  absence  of  medical  literature,  they  are  to  be  looked 
for  mainly  in  monastic  writings,  and  are  more  incidental  than  direct. 
Eeferring  to  the  plagues  of  the  period,  Creighton  ^  says  '  the  common  name 
for  all  such  epidemics  is  pestis,  or  pestilentia,  or  magna  mortalitas.'  "Willan, 
Woodville,  Moore,  and  others,  give  various  references  to  small-pox,  many 
of  them  having  to  do  with  miraculous  cures,  both  of  the  disease  itself  and 
of  the  resulting  loss  of  sight.  It  is  recorded  that  Baldwin,  son  of  Arnulph, 
Earl  of  Flanders,  died  of  small-pox  in  961  a.d.,^  and  the  disease  is  here  called 
'  variolas,  sive  poccas.'  The  annals  of  the  convent  of  St.  Gall,  in  Switzerland 
(founded  by  an  Irish  monk  who  had  been  educated  in  his  own  country,  and 
had  then  gone  to  Switzerland),  contain  the  record  of  the  attack  by  small-pox 
(variola)  of  the  bishop  of  the  diocese,  and  of  his  cure  without  pitting  by  one 
of  the  monks  of  the  convent.  The  writer  of  this  part  of  the  annals  died 
in  the  tenth  century,  which  so  far  fixes  the  date  of  the  occurrence  (Moore, 
p.  90  et  seq.). 

In  Iceland  the  records  of  the  Danish  Government  show  that  small-pox 
was  epidemic  in  1241-42 ;  caused  several  thousand  deaths  in  1257-58 ;  so 
also  in  1291 ;  kUled  1,600  in  1310-11  ;  was  very  severe  in  1347-48 ;  pre- 
vailed again  in  1379-80 ;  caused  a  loss  said  to  amount  to  8,000  lives  in 
1430-32  ;  prevailed  again  in  1462-63,  1472,  1511  (very  severely),  1555-56 
(killing  2,650) ;  in  1574  (likewise  severely),  and  so  on  with  varying  intensity 
in  1590-91,  1616,  1635-36,  1655,  1658,  1670,  and  1672,  and  worst  of  all  in 
1707,  when,  among  a  population  somewhat  over  50,000,  it  carried  off  18,000.^ 

In  Ireland,  if  anywhere,  with  the  lamp  of  learning  burning  all  through 
the  Dark  Ages,  we  should  expect  to  find  evidence  of  the  existence  of  a  disease 
like  small-pox.  Nor  is  the  expectation  disappointed.  The  Irish  dictionaries 
(O'Brien's,  O'Keilly's,  &c.)  contain  two  names  for  small-pox — bolgach  or 
holgagh,  and  galar  (plural  galra)  breac,  the  latter  meaning  the  speckled  dis- 
temper. In  the  beginning  of  this  century  Dr.  Barry,  of  Cork,  wrote  (hi  the 
'  Medical  and  Physical  Journal ')  of  galar  breac  as  the  Irish  name  in 
his  neighbourhood,  and  on  inquiry  through  Dr.  (now  Sir  Francis)  Maccabe, 
medical  officer  to  the  Irish  Local  Government  Board,  we  learn  that  in 
Mayo,  where  the  native  language  is  still  spoken,  small-pox  is  so  designated 
in  the  present  day.  As  was  mentioned  by  Dr.  Maccabe  in  his  evidence 
before  the  Vaccination  Commission,  the  Eeport  on  the  Census  of  Ireland  of 
1851  (Part  V.  vol.  i.)  contains  a  long  chronological  record  of  Irish  events — 
famines,  storms,  epidemics,  &c.  The  Eeport  states  (p.  83)  that  both  terms 
for  smaU-pox  (bolgagh  and  galar  breac)  were  still  in  use.  The  list  of  events 
is  made  up,  partly  from  the  '  Annals  of  the  Four  Masters,'  and  partly  from 
the  monastic  records  themselves.  Bolgagh  reigned  in  675  a.d.,  and  in  the 
years  679,  680,  742,  772,  and  778.  Small-pox  is  referred  to  also  under  the 
year  1061,  though  the  native  name  is  not  mentioned.  In  1327  galar  breac 
prevailed  ;  in  1368  the  deaths  of  two  persons  of  note  are  recorded  as  due  to 
it.  Under  the  year  1402  there  is  a  similar  entry,  and  so  also  in  1432,  1438, 
1488,  and  1498.     These  dates  bring  us  fairly  to  the  end  of  the  Middle  Ages. 

'  History  of  Epidemics  in  Britain,  1891. 

*  '  Circa  natale  Domini  Baldwinus  filius  Arnulphi  Flandrise  Comitis  morbo,  quern 
medici  variolas  sive  poccas  nominant,  corripitur,  et  in  die  circumcisionis  Domini  imme- 
diate sequente  cursum  praesentis  finivit  vitffi.  .  .  .  Et  in  hoc  monasterio  sepultus  fuit  anno 
Dom.  CMLXI.,  Regis  Lotharii  anno  VIII.'  The  Chronicon  Bertinianum,  from  which  the 
above  extract  is  taken,  was  wTitten  by  John  Iperius,  or  de  Ipra,  who  was  abbot  of  the 
monastery  in  or  near  St.  Omer,  and  died  in  1383. 

^  Simon's  papers  on  the  History  mid  Practice  of  Vaccination. 
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It  will  be  seen  that  the  earlier  of  them  indicate  the  disease  to  have  existed 
in  Europe  previous  to  its  admission  through  Spain  in  the  eighth  century. 

In  England. — As  to  England,  it  is  not  conceivable  that  in  the  presence 
of  Danish  and  other  invasions  the  country  could  remain  free  from  small-pox 
v^hile  it  prevailed  in  Iceland,  in  Flanders,  and  in  Ireland.  Needless  to  say, 
the  records  are  of  the  scantiest,  but  they  are  quite  sufficient  to  show  that  the 
malady  was  weU  known.  The  '  leechdoms,'  or  prescriptions  of  an  old  Anglo- 
Saxon  leech-book,  have  been  pubHshed  in  one  of  the  volumes  of  the  Eolls 
Series.  In  the  contents.  No.  XI.  is  'Leechdoms  and  Drinks  and  Salves 
for  Pock  Disease.  In  all  six.'  In  the  work  itself  the  prescriptions  are  given 
in  full  detail.  And  if  anyone,  regardless  of  the  date  (the  tenth  century), 
were  to  suggest  that  the  disease  might  be  great-pox,  and  not  small-pox,  it 
would  be  sufficient  to  point  out  that  part  of  the  treatment  of  the  pocks  is  to 
'delve  away  each  one  of  them  with  a  thorn.'  There  is  also  a  prescription 
for  a  '  pock  in  the  eye,'  which  may  refer  to  injury  of  sight  by  small-pox. 
The  leech-book  belonged  to  Bald,  a  physician  who  had  Cild  for  his  amanu- 
ensis. It  is  judged  to  have  been  written  either  in  the  earlier  or  the  later  part 
of  the  tenth  century.^ 

The  Harleian  collection  of  MSS.  in  the  British  Museum  ^  contains  a  Latin 
prayer  or  exorcism  of  the  tenth  or  eleventh  century,  which  the  Anglo-Saxons 
used  for  deliverance  'potestate  variolse,'  and  which  concludes  in  Saxon  with 
an  invocation  for  defence  against  '  the  lathan  poccas  '  (the  loathed  or  loath- 
some pocks),  indicating,  as  Woodville  notes,  '  that  the  uihabitants  in  these 
early  times  Hved  in  continual  dread  of  the  small-pox.'  The  Cottonian  col- 
lection has  another  Latin  prayer,  '  to  St.  Nicaise,  which  seems  to  have  been 
intended  for  the  consecration  of  amulets  made  by  nuns,  and,  inscribed  with 
his  name,  to  be  worn  as  a  protection  against  the  small-pox.'  The  MS.  be- 
longs to  the  end  of  the  tenth  century  or  beginning  of  the  eleventh  century. 
It  begins  by  making  the  probably  imaginative  statement  that  '  Sanctus 
Nicasius  habuit  minutam  variolam.'  Of  course,  the  point  for  consideration 
in  the  present  connection  is  not  the  monkish  capacity  for  inventing  stories 
about  the  saints,  but  the  fact  that  in  the  tenth  or  eleventh  century  small-pox 
in  England  was  a  disease  to  be  guarded  against  by  amulets  and  prayers. 

Leaving  the  monks  (who  also  practised  medicine),  we  turn  to  the  two 
earliest  EngHsh  physicians  of  note  whose  writings  are  now  extant,  Gilbert 
Anglicus  and  John  of  Gaddesden.  Freind  gives  evidence  to  show  that  Gilbert 
flourished  early  in  the  reign  of  Edward  I.,  though  Bale  (about  1540)  had 
placed  him  rather  earlier.  .John  of  Gaddesden,  the  author  of  the  '  Eosa 
Anglica,'  comes  later,  about  1320.  Like  all  their  contemporaries,  both 
were  Arabists,  their  works  being  largely  founded  on  those  of  the  Arabian 
writers,  with  alterations  and  additions  of  their  own.  Measured  by  modem 
standards,  their  writings  are  of  little  value,  though  Chaucer,  as  Creighton 
notes,  gives  Gaddesden  an  honoured  place  ;  while  Leland  (who  travelled 
through  England  in  the  reign  of  Henry  VIII.,  and  made  a  large  collection 
of  ancient  MSS.  and  antiquities  of  all  kinds),  speaks  very  highly  of  both. 
Even  so  recent  a  writer  as  Freind  (who  thinks  that  Gilbert  was  acquainted 
with  the  medicinal  waters  of  Bath)  says  as  to  Gaddesden,  '  there  can  be  no 
dispute  but  that  he  was  as  great  a  practicioner  as  any  of  his  time.'  Both 
wrote  of  small-pox.  Gilbert  recommended  the  avoidance  of  cold  in  aU  forms, 
as  of  cooling  medicines  and  cooling  diet ;  while  Gaddesden,  who  was  a  kind  of 

'  Leechdoms,  Wortcunning,  and  Starcraft  of  Early  England,  collected  and  edited  by 
the  Key.  Oswald  Cockayne,  M.A.  Cantab.     Longmans,  1865. 

-  Harleian  MSS.  No.  585,  p.  202.  These  MSS.  have  been  quoted  by  Moore,  Willan,  and 
others.    We  give  their  dates  after  consultation  with  the  authorities  of  the  British  Museum. 
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Court  physician,  relates  that  he  treated  the  king's  son  by  taking  care  '  that 
everything  round  the  bed  should  be  of  a  red  colour,'  and  he  adds  that  the 
result  was  excellent,  no  pitting  having  been  left.  Of  course,  the  red  treat- 
ment was  not  original,  nor  was  the  opening  of  the  pustules,  which  both 
recommended,  and  which  had  been  practised  in  the  tenth  century  by  Ehazes 
in  Arabia  and  by  Bald  in  England. 

In  1366  small-pox  prevailed  in  England.  In  the  British  Museum  there 
is  preserved  ^  a  chronicle  which  goes  down  to  1419,  and  which  was  repeatedly 
printed  in  later  years.  Under  the  year  1866  it  says  : — '  Also  that  tyme  fell 
a  sekness  that  men  call  ye  pokkes,  slogh  both  men  and  women  thorgh  ther 
enfectyne.'  It  was  probably  an  extension  of  this  epidemic  that  appears  in 
the  Irish  Chronicles  as  galar  breac  in  1368.  Two  hundred  years  afterwards, 
when  it  had  become  desirable  to  distinguish  variola  from  another  disease — 
syphilis — that  had  by  that  time  also  obtained  the  name  of  pock  in  England, 
Holinshed  in  his  Chronicles  very  sensibly — though  nowadays  we  would  not 
take  even  so  small  a  liberty  without  expressly  noting  the  fact — altered  pokkes 
into  '  small  pocks.'     To  the  same  century  (the  fourteenth)  belong  the  lines  : — 

Kynde  came  after  with  many  keen  sores, 

As  pokkes  and  pestilences,  and  much  people  shent, 

contained  in  the  '  Vision  of  Piers  the  Ploughman.'  ^ 

Between  the  years  800  and  1400  the  terms  variola,  vayrola,  veyrola, 
vayrora,  variolas,  and  Morbus  varicus,  are  mentioned  in  the '  Acta  Sanctorum.' ' 
One  of  the  references  given  by  Dr.  Fresne  is  to  a  writer  (Agnellus)  who  died 
in  the  tenth  century,  and  who  uses  the  expression  variolosus  in  facie.  In 
an  old  English-Latin  vocabulary  written  in  1440  '  Pokke,  sekenesse,'  is 
given  as  meaning  porrigo,  and  also  as  Variolus  vel  morbuhis,  secundum 
medicos.  The  work  is  the  '  Promptorium  Parvulorum  sive  clericorum,'  and 
is  of  unquestioned  authenticity.  The  author  wrote  in  the  dialect  of-  Norfolk, 
and  gives  a  Hst  of  the  authorities  on  which  his  vocabulary  is  founded.  The 
most  convenient  edition  is  the  Camden  Society's,  pubUshed  in  1843. 

The  Bevival  of  Learning. — Having  indicated  the  prevalence  of  small-pox 
in  the  Dark  Ages,  we  now  come  to  the  time  of  the  revival  of  learning  in  Europe. 
Medicine,  however,  revived  more  slowly  than  literature,  at  least  in  England. 
In  regard  to  the  sweating  sicknessof  1529,  the  influenza  of  1557-58,  the  plagues 
of  1603  and  1625,  Dr.  Creighton  calls  attention  to  the  silence  of  native  writers, 
and  to  his  indebtedness  to  foreign  sources  of  information.  So  it  is  to  some 
extent  with  small-pox,  though  references  occur  to  the  disease  in  England  in 
the  years  1518, 1537,  and,  in  Thomas  Elyot's  '  Castell  of  Health,'  in  1541.^ 

In  the  British  Museum  there  is  an  interesting  old  work  on  '  Sickness 
and  Health,'  by  a  writer  named  BuUein,  published  in  1562.  It  includes  a 
'  Book  of  Simples,'  which  has  the  following  with  regard  to  small-pox : — 
*  The  distilled  water  of  aples,  camphere,  vinegare,  and  milke,  is  a  good 
medicen  to  anoint  the  faces  of  children  that  have  the  small  Pockes,  when  the 
said  Pockes  be  ripe,  to  kepe  them  from  pittes  or  erres,  provided,  that  they 
have  given  them  in  their  milke  saffron  or  mithridatum,  to  expelle  the  venome, 
and  kepe  them  from  the  aire,  during  the  said  sicknesse.  .  .  .'  (fol.  xiiii.).  He 
speaks  of  syphilis  as  the  Frenche  Pockes.  In  1593  there  was  published  (along 
with  '  A  Defensative  against  the  Plague  ')  '  A  Short  Treatise  of  the  Small 

*  Dr.  Creighton,  ojo.  cit.,  pp.  453-4. 

*  Quoted  by  Dr.  Creighton,  op.  cit.,  p.  452.  To  those  who  have  read  Dr.  Creighton's 
work  it  is  not  necessary  to  explain  that  he  entirely  disagrees  with  the  interpretation  which 
the  author  puts  upon  these  passages. 

^  Du  Fresne's  Qlossarium  ad  Scriptores  medice  et  infimcz  Latinitatis.  See  also 
Willan.  *  Dr.  Creighton,  ojp.  cit. 
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Pockes,  showing  the  means  how  for  to  gouerne  and  cure  those  which  are  in- 
fected therewith.'  In  the  next  century,  Sydenham's  work  stands  pre-eminent. 
Putting  aside  passages  which  might  possibly  apply  to  great-pox,  small- 
pox was  evidently  well  known  to  Shakespeare  and  his  contemporaries.  In 
'  Love's  Labour's  Lost '  Eosahne  exclaims  :  '  0,  that  your  face  were  not  so  fuU 
of  O's  ! '  to  which  the  Princess  replies, '  A  pox  of  that  jest !  '  Donne,  in  his 
'  Anatomie  of  the  World,'  first  published  in  1611,  asks,  '  Are  these  but  warts 
and  pock-holes  in  the  face  of  the  earth  ?  '  Fletcher's  '  Fair  Maid  of  the  Inn ' 
(produced  after  the  author's  death  in  1625)  refers  both  to  small-pox  and  the 
resulting  pit-holes.  Ben  Jonson's  '  Epigram  to  the  Small-pox,'  beginning  as 
it  does — 

Envious  and  foul  disease,  could  there  not  be 
One  beauty  in  an  age,  and  free  from  thee  ? 

indicates  how  general  the  disease  must  have  been,  not  only  in  the  poorer,  but 
in  the  wealthier  classes.  This  brings  us  to  the  time  of  the  London  Bills  of 
Mortality,  which  began  in  1629,  and  which  fall  to  be  referred  to  later  on. 
Reviewing  the  evidence  as  a  whole,  there  seems  no  reason  to  doubt  that 
small -pox  was  well  known  in  England  all  through  the  Middle  Ages. 

Nomenclature  :  Variola. — The  word  variola  is  not  classical,  but  was  pro- 
bably coined  when  necessity  arose  for  a  Latin  term  to  distinguish  small-pox 
from  other  forms  of  pestilence.  It  is  understood  to  be  formed  from  varius, 
spotted,  or  varus,  a  pimple,  a  term  which  was  itself  applied  to  acne  of  the 
face  by  Celsus  and  Pliny. ^  Thompson^  traces  the  Latin  word  to  a  Hebrew 
root  meaning  a  spot  or  speck.  The  French  form  of  the  word  is  verole,  the 
Spanish,  vii-uelas,^  and  the  Itahan,  vajuolo.  As  we  have  seen,  it  is  claimed 
for  Bishop  Marius  that  he  was  the  first  (a.d.  570)  to  apply  the  name  variola 
to  small-pox.'* 

Fock. — The  Anglo-Saxon  word  for  small-pox  is  derived  from  pocca,  a  bag 
or  pouch.  Li  Dutch  the  form  is  ]Jok,  in  German  loocke,  in  Danish  kobbe,  in 
Swedish  pockor.  Its  use  has  been  already  mentioned  as  a  synonym  for 
variola  in  the  Anglo-Saxon  MSS.  of  the  British  Museum,  and  in  the  tenth- 
century  leech-book  of  the  physician  Bald,  and  in  the  Bertinian  Chronicle, 
written  in  the  fourteenth  century  regarding  the  death  of  Baldwin  in  the  tenth 
century  from  'variolas,  sive  poccas,'  and  in  the  vocabulary  of  1440. 

Great-pox  and  Small-pox. — But  in  the  beginning  of  the  sixteenth  century 
some  confusion  arose  in  the  application  of  the  Anglo-Saxon  term.  In  1494 
the  great  pandemic  of  syphilis  began  in  Southern  Europe,  whence  it  spread 
rapidly  through  the  Continental  nations  and  Britain.  At  first  it  was  called 
the  Neapohtan  disease,  or  the  Morbus  Gallicus,  but  soon  the  name  pox 
was  also  given  to  it.  Whether  this  was  due  to  the  '  pocky '  appearance  of  the 
local  sore,  or  of  a  general  syphihde,  it  would  be  useless  to  speculate.  The 
adjectives  '  French,'  or  '  great,'  came  to  be  frequently  prefixed  to  the  word 
pox  as  used  for  the  newer  disease,  while  the  prefix  '  small '  was  retained  for, 
or  apphed  to,  the  older,  which,  as  we  have  seen,  had  long  before  been  de- 
scribed as  variola  minuta — the  pustules  being  small  as  compared  either  with 
the  size  of  the  everyday  objects  with  which  human  beings  have  to  deal,  or 
with  ordinary  boils,  and  with  the  buboes  which  accompanied  the  true  plague. 
Salmasius  ('  De  Annis  Climacteribus,'  Elzevir,  1648)  refers  to  the  variola, 
•  Quas  ad  distinctionem  parvarum,  magnas  indigetamus,'  andiben  he  explains 

*  Moore,  op.  cit.,  and  Jaccoud's  Dictionary. 

*  hiquiry  into  the  Origin,  Nature,  and  Cure  of  Small-pox.    London,  1752. 

*  Dr.  Mason  Good  makes  the  Spanish  form  the  origin  of  the  medifeval  Latin  variola. 

*  The  same  claim  is  sometimes  made  for  Constantinus  Africanus  in  the  eleventh 
century. 
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that  the  latter  '  Lues  est  Venerea  sive  Morbus  GalHcus  ; '  and  Cotgravc  in  his 
French  and  EngHsh  Dictionary  (1611)  gives  '  verole  '  as  meaning  '  the  small 
pocks,'  and  '  La  grosse  verole  '  as  the  'French  pockes.'  But  the  explanatory 
adjectives  have  been  by  no  means  invariably  prefixed,  so  that  when  the  word 
pox  itself  is  used,  unless  the  context  makes  the  meaning  clear,  there  is  abun- 
dant room  for  disputation — as  regards,  for  example,  Fabyan's  statement  that 
Edward  IV.,  in  1463,  was  '  vysyted  with  the  Sykenesse  of  pockys ; '  John 
Bale's  statement,  in  his  'Image  of  Both  Churches,'  written  about  1545,  that 
'  ymages  were  soughte  of  euery  where,  Sayncte  Job  for  the  poxe,  sayncte  Eoke 
for  the  pestilence  ; '  and  Marlowe's  and  Shakespeare's  use  of  the  expression 
'  a  pox  on  it.'  But  in  '  Pericles  '  (Act  iv.  scene  6)  the  reference  is  clearly 
to  the  venereal  disease. 

Prevalence. — So  far  our  attention  has  been  confined  mainly  to  the  existence 
of  small-pox  in  past  centuries,  though  one  or  two  incidental  references  have 
been  made  to  its  prevalence.  Of  course,  in  times  before  statistics  began  to 
be  systematically  collected  we  have  to  depend  almost  wholly  on  general 
statements,  which  are  sometimes,  perhaps,  even  more  impressive  than 
figures.  Gregory  of  Tours  writes  of  the  epidemic  of  the  sixth  century, 
already  referred  to,  that  '  the  State  of  Tours  was  desolated '  by  it.  Isaac 
the  Jew,  who  wrote  before  Ehazes,  in  the  ninth  century,  says  that  small- 
pox 'happens  to  almost  all  persons.'  Ehazes  himself  states  that  'hardly 
anyone  escapes  it,'  and  his  Greek  translator  in  the  tenth  century  writes, 
'  every  man  is  born  Uable  to  it.'  Emerging  from  the  Dark  Ages,  Vidus 
Vidius  ^  (1550)  incidentally  refers  to  it  as  attacking  all  persons  in  the  course 
of  their  lives ;  and  MercuriaUs  (born  1530)  holds  that  almost  every  person 
must  have  it  once  (Moore).  Still  later,  Helvetius,^  physician  to  the  King 
of  France,  speaks  of  '  the  almost  unavoidable  necessity  of  undergoing  it  at 
one  time  or  another.'  Hillary^  (1735)  says  'there  is  no  distemper  more 
difficult  to  guard  against  than  they  are,  and  always  have  been,  ever  since 
they  appeared  in  the  world.'  In  1767,  Schultz  ^  wrote  that  '  in  our  countries 
seldom  any  escape  the  small-pox.'  Lettsom  (1801)  said  that  'in  reflecting 
upon  its  ravages  the  mind  revolts  in  horror.'  Goldson,  a  critic  of  vaccination, 
thought  the  small-pox  probably  killed  more  than  war.  Sir  Gilbert  Blane 
opined  that  it  had  destroyed  a  hundred  for  every  one  that  had  perished  by 
the  plague.  George  Bell,  of  Edinburgh,  in  1802,  wrote  that  '  the  small-pox, 
one  of  the  most  severe  and  dangerous  diseases  to  which  mankind  is  subject, 
ever  since  its  introduction  into  Europe,  more  than  a  thousand  years  ago, 
has  descended  with  undiminished  violence  from  generation  to  generation, 
and  every  effort  hitherto  made  to  extirpate  it  has  failed.'  Passages  like 
these  might  be  multiphed  indefinitely.  They  serve  to  show  the  general 
impression  made  on  the  minds  of  physicians  of  all  epochs  by  their  knowledge 
of  the  disease.  "Wherever  it  existed  it  came  to  be  looked  on  as  an  all-pre- 
vailing scourge. 

In  the  Neio  World. — The  full  power  of  the  disease  can  be  seen  only  on 
its  first  appearance  among  unprotected  populations.  Our  knowledge  of  it 
in  the  New  World  begins  in  the  year  1507,  in  the  West  Indies,  where  '  it  was 
so  disastrous  that  whole  tribes  were  exterminated.'  Simon  gives  a  number 
of  examples  of  its  ravages  in  the  Western  Hemisphere  in  the  sixteenth 
century.  '  In  Mexico  it  even  surpassed  the  cruelties  of  conquest,  suddenly 
smiting  down  3,500,000  of  population,  and  leaving  none  to  bury  them.     In 

^  Cross,  History  of  the  Norwich  Epidemic,  1820. 

^  Observations  upon  the  Small-pox  (English  translation),  published  1723. 

*  A  Rational  and  Mechanical  Essay  on  the  Small-pox,  by  William  Hillary,  M.D 

*  An  Account  of  Inoculation  for  the  Small-pox,  hj  David  Schultz,  M.D.   London,  1767. 
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Brazil,  in  the  year  1563,  it  extirpated  whole  races  of  men.  About  the  same 
period,  in  the  single  province  of  Quito  (according  to  De  la  Condamine),  it 
destroyed  upwards  of  100,000  Indians.' 

Share  of  Total  Mortality. — Various  calculations  referring  to  the  last 
century  have  been  made  of  the  share  of  total  mortahty  due  to  small-pox. 
Hahn  returned  it  in  ordinary  years  at  80  deaths  in  every  1,000.  De  la 
Condamine  held  it  responsible  for  about  10  per  cent,  of  the  deaths  in  France, 
and  Eosenstein,  as  a  result  of  a  Commission  of  Inquiry  in  Sweden,  wrote 
that  in  that  country  it  killed  every  tenth  boy  and  every  ninth  girl.^  For 
Eussia  the  calculation  (by  Dr.  Alexander  Creighton,  physician  to  the 
Emperor,  1812  ;  quoted  by  Moore)  is  '  that  before  the  introduction  of 
(vaccine)  inoculation  every  seventh  child  died  annually  of  the  small-pox.' 
Colon  set  down  the  deaths  in  France  as  60,000  to  72,000  annually.^ 

Among  statistics  on  a  large  scale  are  those  collected  by  the  Epidemio- 
logical Society,  and  published  in  their  Eeport  presented  to  Parliament 
previous  to  the  Vaccination  Act  of  1853.     The  following  figures  are  taken 


Terms  of  years  respecting  wMch 
particulars  are  given 


1777-1806  and  1807-50 


)i  >i 


„  „  1838-50 
1777-1803  and  1807-50 
1777-1806  „ 


I)    )) 


1787-1806  „ 
1776-1780  and  1810-50 

"     ','  1816-50 

1781-1805  and  1810-50 
1776-1780  „  1816-50 
1774-1801  „  1810-50 
1751-1800  „  1801-50 


Territory 


Austria,  Lower 

Austria,  Upper,  and  Salzbur] 

Styria,  Upper 

Illyria  .... 

Trieste, 

Tyrol  and  Vorarlberg  . 

Bohemia       .         .         . 

Moravia        .         .        . 

Silesia  (Austrian)   . 

Galicia  .         .         . 

Bukovrina 

Prussia  (Eastern  Provinces) 

Brandenburg 

Westphalia  . 

Ehenish  Provinces 

Berhn  .... 

Saxony,  Prussian 

Sweden 

Copenhagen 


Approximate  average 
annual  death-rate  by 
small- pox  per  million 
of  living  population 


Before  in-  lAfterintro- 


troduction 
of  vaccina- 
tion 


2,484 
1,421 
1,052 

518 
14,046 

911 
2,174 
5,402 
5,812 
1,194 
3,527 
3,321 
2,181 
2,643 

908 
3,422 

719 
2,050 
3,128 


duction  of 
vaccina- 
tion 


840 
501 
446 
244 
182 
170 
215 
255 
198 
676 
516 
556 
181 
114 
90 
176 
170 
158 
286 


from  a  table  prepared  by  Sir  John  Simon  from  that  report.^  The  last 
column  does  not  concern  us  in  the  present  connection,  but  the  column  of 
death-rates  per  million  living  in  the  later  part  of  the  last  century  shows 
the  mortahty  of  the  disease  for  the  populations  mentioned.  Further  in- 
formation may  be  obtained  h'om  the  sources  indicated. 

In  England,  the  London  Bills  of  Mortahty  go  back  to  1629,  and  the  con- 
tribution made  by  small-pox  to  deaths  from  all  causes  is  shown  diagram- 
matically  opposite  p.  433.  It  will  be  observed  that  it  was  greater  in  the 
eighteenth  than  in  the  seventeenth  century,  and  that  the  highest  point  was 

*  Haygarth's  Sketch  of  a  Plan  to  Exterminate  the  Small-pox,  1793. 

2  A  Treatise  on  the  Cotv-pox,  dc.  By  John  Ring,  Mem.  Eoy.  Col.  Surg.  London,  1801, 
p.  928. 

^  From  the  table  as  given  by  Sir  John  Simon  we  have  excluded  eight  populations  as  to 
which  the  statistics  for  last  century  are  either  entirely  wanting  or  are  given  only  for  a  single 
year. 
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reached  in  1796,  when  the  proportion  was  184  deaths  from  small-pox  in 
«very  1,000  deaths  from  all  causes.^  But  the  London  Bills  appear  to  omit 
all  deaths  from  small-pox  under  two  years  of  age,  so  that  the  deaths 
recorded  from  small-pox  are  perhaps  little  more  than  half  the  actual  deaths. 
The  following  are  the  death-rates  in  England  and  Wales  since  the  Eegis- 
tration  Act  came  into  force  : — 

England  and  Wales. — Sviall-pox  Death-rate  jper  Million  living,  1838-1890.^ 


Tear 

Eate 

Tear 

Rate 

Year 

Eate 

Tear 

Eate 

1838 

1,064 

1852 

401 

1865 

303 

1878 

79 

1839 

589 

1853 

171 

1866 

141 

1879 

25 

1840 

661 

1854 

151 

1867 

116 

1880 

29 

1841 

400 

1855 

134 

1868 

93 

1881 

124 

1842 

168 

1856 

119 

1869 

70 

1882 

54 

1843 

— 

1857 

204 

1870 

116 

1883 

39 

1844 

— 

1858 

332 

1871 

1,015 

1884 

87 

1845 

— 

1859 

195 

1872 

824 

1885 

107 

1846 

— 

1860 

138 

1873 

101 

1886 

13 

1847 

246 

1861 

66 

1874 

91 

1887 

21 

1848 

397 

1862 

80 

1875 

40 

1888 

36 

1849 

264 

1863 

280 

1876 

103 

1889 

1 

1850 

262 

1864 

367 

1877 

178 

1890 

1 

1851 

389 

The  London  death-rate  per  milhon  Hving  from  all  causes  and  from  small- 
pox for  various  periods  from  1660  till  1890  are  given  in  the  table  at  p.  435. 
In  Edinburgh,  in  1744-63,  in  a  total  of  11,613  deaths,  1,185  were  due  to 
small-pox.^ 

The  death-rates  in  England  and  Wales  from  1838,  and  in  successive 
quinquenniads  from  1850  onwards,  are  also  given  at  p.  435. 

Geogeaphical  Disteibution 

Hirsch's  great  work,  which  is  the  most  convenient  source  of  information 
on  this  part  of  the  subject,  states  that  'at  the  present  time  the  dominion 
of  small-pox  extends  over  almost  the  whole  inhabited  globe.'  Following 
Hirsch,  it  is  hardly  possible  to  avoid  reference  to  vaccination,  though  that 
subject  falls  to  be  treated  of  subsequently.  In  India,  where  the  beginnings 
of  the  history  of  small-pox  are  the  remotest,  it  still  prevails  to  an  enormous 
extent.  '  In  China,  also,  where  vaccination  was  introduced  in  1805,  a  con- 
siderable decrease  of  the  disease  has  shown  itself  at  certain  places ;  whereas 
many  other  regions  .  .  .  where  vaccination  is  very  imperfectly  practised  and 
inoculation  stiU  in  full  repute  constitute  permanent  centres  of  the  disease, 
and  have  often  been  ravaged  by  disastrous  epidemics  of  it.'  In  Japan  it  is 
diffused  everywhere.  In  Siberia  it  first  showed  itself  in  1630,  with  the 
terrific  result  usual  in  new  countries. 

Since  Australia  was  colonised  the  disease  has  been  very  successfully  kept 
at  bay,  in  spite  of  two  accidental  importations.  Tasmania  and  New  Zealand 
have  also  escaped,  while  many  of  the  smaller  islands  of  Australasia  have 
suffered  largely,  though  others  have  enjoyed  '  an  absolute  immunity.' 

'  The  greatest  number  of  small-pox  deaths  occm-red  in  1772,  when  3,992  died,  but, 
relatively  to  the  total  deaths,  the  year  1796  was  the  worst,  though  the  small-pox  deaths 
were  only  3,548. 

■  2  I'rom  183S-1887  inclusive  the  figures  are  taken  from  Dr.  Ogle's  table,  p.  114  {First 
Beport,  Roy.  Commission  on  Vaccination),  1889,  and  for  1888-90  from  the  Eegistrar- 
General's  Reports. 

'  An  Account  of  the  Inocidation  of  the  Small-pox  in  Scotland,  by  Alexander  Monro 
•primus.     Edin.  1765. 


394  HYGIENE 

In  Asia  Minor,  Syria,  Persia,  and  in  Arabia,  where  Ehazes  obtained  his 
knowledge  of  the  disease,  it  is  as  prominent  as  of  old.  In  Egypt,  the  country 
of  Ahron,  and  in  the  rest  of  the  Nile  basin,  it  is  specially  prevalent,  '  so  that,' 
as  Courbon  states,  '  one  seldom  finds  an  Abyssinian  without  the  marks  of 
smaU-pox.'  In  the  East  Coast  of  Africa  and  in  Madagascar  it  is '  permanently 
active,'  and  there  is  '  frequent  prevalence  '  among  the  natives  of  Cape  Colony. 
Liehenstein,  who  travelled  through  Kaffirland  in  1804,  found  many  of  the 
natives  pitted  with  small-pox,  and  the  general  opinion  of  the  inhabitants  was 
that  the  disease  had  always  prevailed  among  them.  On  the  Guinea  Coast, 
as  also  on  that  of  Senegambia,  though  not  always  present,  it '  occurs  from 
time  to  time  as  an  epidemic,  sometimes  so  disastrously  that  whole  villages 
are  ravaged  by  it.' 

In  Europe,  '  the  small-pox  up  to  the  beginning  of  this  century,  or  to  the 
introduction  of  vaccination,  had  been  one  of  the  most  widely  distributed,  most 
frequent,  and  most  destructive  of  pestilences,'  and  '  even  at  the  present  day 
small-pox  takes  no  inconsiderable  place  in  the  aggregate  sickness  of  European 
countries,'  though  *  since  the  introduction  of  vaccination,  and  especially  since 
its  legal  enactment  and  official  supervision,  the  occurrence  of  the  disease 
has  been  confined  within  tolerably  narrow  limits.' 

In  the  New  World,  Hirsch  states  that  in  the  West  Indies  '  the  visitations 
down  to  recent  times  have  usually  been  severe ;  that  in  St.  Thomas,  in 
1843,  at  least  one-sixth  of  the  population  was  attacked  ;  and  that  only  those 
islands  where  vaccination  has  prevailed  have  enjoyed  comparative  immunity. 
The  importation  of  negroes  has  been  a  very  active  cause  of  its  spread  in 
America.  In  the  United  States,  after  the  colonisation  of  the  country,  the 
disease  appeared  early  in  the  seventeenth  century ;  but  in  parts  which  have 
been  occupied  by  the  whites  only  since  vaccination  came  in  vogue  it  never 
spread  largely,  though  in  the  native  populations  it  has  made  frightful  havoc' 
In  South  America  it  has  greatly  prevailed,  chiefly  owing  to  its  introduction 
by  slave-ships.  In  Brazil  and  Chili  it  is  the  chief  scourge,  in  the  former 
country  vaccination  having  been  carried  out  in  a  very  careless  and  imperfect 
way. 

Climate  and  Soil. — What  we  have  seen  regarding  the  geographical  dis- 
tribution of  the  disease  leads  to  agreement  with  Hirsch  when  he  says  that 
'  not  many  of  the  acute  infective  diseases  show  in  their  incidence  and  diffu- 
sion so  complete  an  independence  of  the  conditions  of  climate  and  soil.' 
It  certainly  prevails  more  in  warm  countries  than  in  cold — in  India  and 
Africa  than  in  Siberia  and  Greenland.  But  the  very  sparse  population  of 
the  latter  countries,  compared,  say,  with  the  teeming  millions  of  India,  is 
doubtless  largely  concerned  in  the  question. 

Bace. — The  frequency  of  small-pox  in  warm  climates  may  have  to  do  aa 
much  with  race  as  with  locality.  So  far,  at  least,  as  concerns  the  negroes, 
it  has  been  established  that,  whether  in  their  own  country  or  elsewhere,  as 
in  America,  they  are  specially  susceptible  both  to  attack  and  death  by 
small-pox.  They  have  repeatedly  been  the  means  of  importing  it  into  the 
West  Indies,  and  have  themselves  suffered  very  severely  when  the  disease 
has  appeared  in  American  towns  where  they  lived  in  slavery.  Possibly  the 
depressing  and  dispiriting  conditions  of  slave-life  may  have  had  something 
to  do  with  the  excessive  susceptibility  in  such  circumstances,  but  we  are  not 
aware  that  their  reaction  towards  other  acute  infectious  diseases  has  been 
similarly  influenced. 

Season. — Season  has  a  considerable  effect  on  the  spread  of  small-pox.  In 
Oriental  countries  it  appears  to  be  favoured  by  cold  and  retarded  by  heat. 
Hirsch  considers  that  this  rule  holds  good  in  India,  China,  Cairo,  Constanti- 


SMALL-POX  AND   VACCINATION  895 

nople,  Tunis,  Brazil,  &e.  In  Calcutta  the  greatest  number  of  deaths  talce 
place  in  March,  and  in  Bombay  in  April.  In  ninety-nine  epidemics  which 
occurred  in  Europe  and  North  America,  sixty-seven  were  at  their  height  in 
the  cold  season,  and  thirty-two  in  the  warm  season.  It  is  evident  from  these 
figures  that  the  rule  has  many  exceptions ;  and  this  is  further  shown  by  a 
table  which  Hirsch  gives  of  the  number  of  deaths  that  occurred  in  the 
several  parts  of  the  year  in  England,  the  Netherlands,  several  Continental 
cities,  and  Philadelphia.  In  winter  the  total  deaths  were  53,729,  in  spring 
55,078,  in  summer  40,914,  and  in  autumn  54,552.  In  tropical  countries  the 
rainy  season  puts  a  check  on  the  disease. 

Sex. — At  most  ages  the  mortality  is  greatest  among  males,  but  in  the 
third  quinquennium,  and  in  children  aged  between  one  and  three  years,  the 
reverse  is,  to  a  slight  extent,  the  case  (Whitelegge). 

Periodicity. — To  avoid  fallacies  due  to  the  practice  of  vaccination,  it  is 
necessary  to  go  to  pre-Jennerian  times  for  illustrations  of  the  periodicity  of 
small-pox.  The  diagram  opposite  p.  433  indicates  the  facts  for  London,  but  the 
disease  was  so  constantly  present  there  that  there  may  be  difference  of  opinion 
as  to  what  standard  of  epidemic  prevalence  should  be  set  up.  In  the  forty-seven 
years  there  given  of  the  seventeenth  century,  it  may  be  said  that  there  were 
fifteen  outstanding  years,  and  in  the  whole  of  the  eighteenth  century  thirty- 
four  such  years.  This  would  give  a  periodicity  of  about  one  year  in  three. 
In  Copenhagen,  1  in  the  latter  half  of  the  eighteenth  century,  there  were 
thirteen  years  which  showed  beyond  their  fellows  with  regard  to  small-pox — 
1750,  1755,  1759, 1764, 1769, 1775, 1779, 1782, 1785, 1789, 1791, 1794, 1797  ; 
but  from  about  1775  onwards  the  distinction  between  epidemic  and  non- 
epidemic  years  is  not  so  marked  as  in  the  previous  twenty-five  years.  The 
periodicity  here  may  be  said  to  be  four  years.  In  Berlin  the  intervals  were 
irregular,  there  having  been  epidemics  in  1759,  1766,  1770,  1786,  1789,  and 
1801.^  In  Edinburgh,  in  the  twenty  years  beginning  1744,  there  were  seven 
epidemics,  though  the  disease  was  never  entirely  absent.^  In  Glasgow,  in 
the  twenty  years  beginning  1783,  small-pox  was  constantly  prevalent,  but 
about  six  of  the  years  showed  such  excessive  amount  as  may  be  taken  to 
indicate  its  periodicity.  In  Kilmarnock  (which  has  always  had  a  good  deal 
of  communication  with  the  neighbouring  city  of  Glasgow),  in  1728-64  there 
were  nine  epidemics,  or  one  about  every  four  and  a  quarter  years.  In  Geneva 
(population  26,000),  it  appears  from  Dr.  Haygarth  (who  had  an  official  letter 
from  the  town  authorities  in  1791)  that  epidemic  were  sharply  and  clearly 
distinguished  from  non-epidemic  periods,  and  that  they  occurred  regularly 
every  five  years.  In  Bengal,  according  to  Holwell,'*  '  every  seventh  year,  with 
scarcely  any  exception,  the  small-pox  rages  epidemically  .  .  .  during  the 
months  of  March,  April,  and  May,  and  sometimes  until  the  annual  returning 
rains,  about  the  middle  of  June,  put  a  stop  to  its  fury.'  Hirsch  gives  the 
following  years  for  Boston,  U.S.A  :— 1649,  1666,  1678,  1690,  1702,  1721, 
1730, 1752, 1764, 1776, 1788, 1792  ;  about  one  year  in  twelve  being  epidemic  ;^ 
and  for  Vienna,  1742,  1745,  1749,  1757,  1759,  about  every  fourth  year  being 
epidemic. 

These  statistics  relate,  with  the  exception  of  Bengal,  to  centres  of  popu- 
lation varying  in  size  from  about  4,500  (Kilmarnock)  to  about  half  a  million 
(London).    For  purely  rural  districts  exact  data  are  almost  wanting.    Hillary 

'  Simon,  op.  cit. 

2  Dr.  S.  W.  Abbott,  Mass.,  U.S.A.,  in  the  Reference  Handbook  of  the  Medical  Sciences^ 

'  Monro  primus,  op.  cit. 

*  Op.  cit.,  p.  4. 

*  The  population  of  Boston  was  4,000  in  1678  and  20,000  in  1792  (Abbott,  loc.  cit.). 
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(1735)  says  the  great  part  of  his  '  Eational  and  Mechanical  Essay  on  the 
Small-pox  '  was  written  '  when  the  small-pox  wa,s  epidemical  in  Eipon  and 
the  circumjacent  parts  of  the  comitry  several  years  since  ;  '  and  he  continues 
that  '  this  disease  is  observed  to  return  and  visit  the  same  parts  of  the 
country  once  in  five  or  six  years  (or  oftener  if  populous).'  Black  ^  states, 
however,  that  '  numbers,  without  doubt,  in  the  country  live  and  die  at 
an  advanced  age  without  undergoing  this  distemper  ; '  and  other  authors 
indicate  similar  views.  The  more  isolated  the  locality,  the  seldomer  was  it 
invaded  by  small-pox.  In  a  '  Description  of  the  Western  Islands  of  Scot- 
land,' by  W.  Martin,  in  1716,  it  is  stated  that  '  the  small-pox  commonly 
comes  once  in  seventeen  years'  time.'  In  Shetland  it  was  epidemic  about 
every  twenty  years.^  This  being  so  in  insular  regions,  probably  we  may 
take  it  that  in  the  mainland  rural  districts  outbreaks  would  not  be  less 
frequent  than  once  in  a  dozen  years  or  so.  In  Iceland  we  have  seen  (p.  387) 
that  the  intervals  were  often  even  longer,  but  varied  very  greatly  from  four 
years  up  to  twenty  and  thirty  and  forty  years,  and,  indeed,  no  epidemic  is 
recorded  between  1430  and  1511,  a  period  of  eighty-one  years. 

Hirsch  thinks  that  only  two  factors  determine  the  recurrence  of  an 
epidemic  of  small-pox — '  one,  the  necessary  number  of  persons  susceptible  of 
the  morbid  poison,  and  the  other,  the  introduction  of  the  virus  itself.'  No 
doubt  these  are  important  agencies.  But  the  remarkable  regularity  with 
which  the  disease  reappeared  in  places  like  Geneva  and  Kilmarnock,  and 
the  periodicity  of  its  excessive  prevalence  in  London,  where  it  was  never 
absent,  indicate  the  existence  of  other  causes.  In  Kilmarnock,  each  year's 
births  numbered  about  134,  but  it  was  not  until  the  births  had  accumulated 
for  four  years,  or  thereby,  that  the  disease  broke  out.  And  the  fact  that  the 
recurrence  was  never  delayed  beyond  five  years  shows  that  the  other  essential 
conditions,  whatever  they  might  be,  were  never  very  long  absent.  In  this 
respect  small-pox  bears  some  resemblance  to  other  acute  specific  diseases 
of  childhood — measles,  whooping-cough,  and  scarlet  fever,  which  recur  with  a 
rhythmic  regularity  that  cannot  be  accounted  for  merely  by  the  introduction 
of  the  poison  to  a  susceptible  population,  and  which  prevail  more  frequently 
in  populous  towns  than  in  rural  districts. 

Age. — In  places  where  small-pox  regularly  prevailed  previous  to  Jenner's 
time,  it  was  a  disease  of  childhood  to  an  extent  that  is  hardly  realised  in  the 
present  day.  The  table  at  p.  436  shows  that  in  Geneva  (1580  and  1760),  out 
of  every  1,000  small-pox  deaths,  961  were  of  children  under  ten  years.  In 
Kilmarnock,  in  the  years  1728  to  1764,  only  1*2  per  cent,  of  small-pox  deaths 
occurred  over  ten  years  old;  and  in  London,  previous  to  the  vaccination 
law  of  1853,  815  per  1,000  were  under  that  age.  In  an  epidemic  in 
Chester  in  1774,  in  a  total  of  202  small-pox  deaths,  51  were  under  one  year, 
38  between  one  and  two  years,  42  between  two  and  three  years,  49  between 
three  and  five  years,  and  22  between  five  and  ten  years.  There  were 
none  over  ten  years.^  Arguing  from  such  data,  a  writer  at  the  beginning 
of  this  century  might  well  have  held  that  the  period  of  childhood  specially 
predisposes  to  small-pox,  while  advancing  years  have  a  strong  protecting 
influence.  But  just  as  measles,  when  admitted  for  the  first  time  into  a  com- 
munity embracing  all  periods  of  life,  attacks  old  and  young  without  distinc- 
tion, so  small-pox,  when  it  gets  a  similar  opportunity — as  in  the  West  Indies 
after  the  discovery  of  America,  or  in  Iceland  in  1707,  after  having  been 
absent  for  a  generation — shows  that  it  is  no  respecter  of  adults.     In  Iceland 

*  Black's  Observations,  Medical  arid  Political,  on  the  Small-pox.     London,  1781. 

*  Sir  John  Sinclair's  Statistical  Account  of  Scotland. 
«  C.  E.  Paget,  Trans.  Epidem.  Soc.  1883-84. 
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about  36  per  cent,  of  the  total  inhabitants  perished,  so  that  the  disease  was 
not  confined  to  children ;  and  the  table  at  p.  447  shows  that  in  the  present 
day,  in  the  absence  of  special  protection,  no  time  of  Hfe  is  free  from  it.  The 
reason  that  in  places  like  Geneva  and  Kilmarnock  in  former  centuries  only 
children  died  of  small-pox,  is  to  be  found  in  the  fact  that,  practically,  all 
children  were  attacked  by  it,  and  so  obtained  protection  against  attack,  and 
especially  against  fatal  attack,  in  later  life.  Indeed,  the  periodicity  of  small- 
pox is  the  governing  factor  in  its  age-distribution.  In  Kilmarnock  and 
Geneva,  epidemics  came  every  four  or  five  years,  and  the  disease  was,  to 
nine-tenths  of  its  extent,  a  disease  of  children  under  five  years  old,  the 
average  age  at  death  in  Kilmarnock  being  not  much  over  the  average  age 
of  the  children  born  since  the  previous  epidemic.  But  in  Boston,  U.S.A., 
where  epidemics  came  every  twelve  years,  the  average  age  at  death  would 
be  greater ;  and  so  also  in  country  towns  and  villages,  and  in  the  Hebrides, 
Iceland,  &c.  In  London,  small-pox  attacks  among  adults  appear  to  have 
been  not  at  all  uncommon,  and  the  explanation  is  doubtless  to  be  found 
in  the  largeness  of  the  numbers  of  immigrants  from  country  districts,  where 
opportunities  of  attack  were  less  frequent.  How  this  whole  subject  of  age- 
incidence  is  nowadays  linked  with  vaccination  is  shown  in.  detail  at  p.  435. 

Fatality 

Of  late  years,  and  especially  since  Dr.  Barry,  in  his  Sheffield  Report,  used 
the  word  *  fatality '  as  a  substitute  for  '  case  mortality,'  it  has  conveniently 
supplanted  the  latter  terin. 

In  new  countries  the  fatality  of  natural  small-pox  has  varied  consider- 
ably in  different  epidemics.  Marson  ^  refers  to  an  outbreak  among  a  tribe  of 
American  Indians  in  which  '  every  individual  of  the  tribe  was  swept  away.' 
In  Greenland,^  in  1734,  nearly  two-thirds  of  the  whole  population  (numbering 
from  6,000  to  7,000)  were  destroyed.  In  Mexico,  in  1520,  it  is  said  that 
'half  of  those  infected  died  of  the  distemper.'^  Catlin  mentions  that,  of 
twelve  million  American  Indians,  six  millions  fell  victims  to  small-pox.  In 
the  Icelandic  epidemic  of  1707,  where  36  per  cent,  of  the  population  of 
the  island  perished,  the  fatality  must  have  been  enormous.  It  would  thus 
appear  that  the  fatality,  like  the  mortahty,  is  greatest  in  new  countries  and 
among  unseasoned  peoples.  But  there  is  another  and  a  most  important 
factor  that  must  be  borne  in  miad  in  this  connection,  and  that  has  a  bearing 
on  these  high  death-rates. 

Influence  of  Age. — The  fatality  differs  at  different  ages.  It  is  very  high 
in  infancy,  decreases  steadily  and  rapidly  to  its  minimum  in  the  third 
quinquenniad,  and  then  rises  regularly  all  through  the  rest  of  life.  Now, 
we  have  already  seen  that  the  periodicity  of  the  disease  determines  its  age- 
distribution.  Making  allowance  for  the  natural  infrequency  of  the  disease 
in  the  first  few  months  of  life,  and  for  people  who  happened  to  escape  during 
one  or  two  outbreaks  in  the  locality  in  which  they  lived — we  are  thinking  of 
the  last  century — the  average  age  of  those  attacked  would  be  somewhat 
greater  than  the  average  age  of  the  people  born  since  the  preceding  epidemic. 
Thus,  when  we  come  to  countries  where  the  disease  seldom  found  entrance 
— as  in  those  above  mentioned — we  get  a  very  high  fatality,  because  the 
average  age  of  the  victims  is  far  beyond  the  10-15  years  at  which  the  disease 
is  least  mortal.  Similarly,  at  the  other  extreme  of  hfe,  in  places  like  Geneva, 
with  epidemics  every  four  or  five  years,  there  would,  cceteris  paribus,  also 
be  a  high  fataUty.  So  far  as  age  has  to  do  with  death-rates,  those  places, 
therefore,  would  be  best  off  that  had  epidemics  occurring  regularly  at,  perhaps, 

'  Beynolds'   Medicme,  vol.  i.  *  Simon,  op.  cit.  '  Black,  op.  cit. 
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t\\  elve  or  fifteen  years'  interval,  with  a  great  many  of  the  attacks  at  ages  of 
from  eight  to  fifteen  years. 

Jurin's  Statistics. — The  fatahty  of  Enghsh  small-pox  in  the  last  century 
is  often  stated  at  about  16  to  18  per  cent,  or  thereby.  This  statement  is  chiefly 
based  on  the  data  collected  by  Dr.  Jurin,  secretary  to  the  Eoyal  Society,  and 
later  by  Ssheuchzer,  and  published  in  yearly  pamphlets  from  1723  ^  to  1729. 
These  pamphlets  give  detailed  statements  of  the  places,  cases,  and  deaths  on 
which  the  percentage-fatality  is  based ;  and,  as  they  are  largely  rehed  on  by 
opponents  of  vaccination,  they  merit  more  than  a  passing  notice.  In  the 
first  place,  it  is  to  be  observed  that,  of  about  18,000  cases,  nearly  6,000 
(5,742)  belonged  to  Boston  in  New  England.  Among  these,  841  deaths 
occurred,  giving  the  low  rate  of  14-6  per  cent.,  and  so  lowering  the  average  of 
the  whole  hst.  But  we  have  learned  from  Hirsch  (p.  395)  that  small-pox  had 
been  epidemic  in  Boston  in  1690,  in  1702,  and  next  in  1721,  and  it  was  the 
figures  of  the  last  of  these  epidemics  that  Jurin  had  got.  The  average  age 
of  those  attacked  in  that  outbreak  would  be  (calculated  as  above  described) 
about  twelve  years.  In  other  words,  the  low  fatality  was  due  to  the  fact 
that  the  age-incidence  of  the  disease  was  about  as  favourable  as  it  could 
weU  be.  Not  only  so,  but  when  we  compare  Jurin's  rates  with  present- 
day  rates,  we  must  recollect  that  an  unknown  proportion  of  people  may  have 
had  some  measure  of  protection  from  the  various  forms  of  modified  small-pox 
that  occasionally  prevailed,  under  such  names  as  swine-pox,  horn-pox,  &c., 
and  that  some  of  the  recorded  percentages  may  have  belonged  to  outbreaks 
which,  though  modified,  were  still  recognised  as  variolous. 

Looking  next  to  the  other  places  on  Jurin's  list,  we  find  that  the  fatality 
varied  very  greatly.  In  a  part  of  the  parish  of  Halifax  it  was  only  10*4  per 
cent.,  in  Hatherfield  11-1  per  cent.,  and  in  Ware  11'8  per  cent. ;  while  in 
Bradford  it  was  27*9  per  cent.,  in  Stockport  25*4,  and  in  Leeds  23'9  (Jurin's 
first  Accoimt,  1724).  The  joint  population  of  Ware,  and  of  the  adjoining  part 
of  the  parish  of  Amwell,  to  which  the  statistics  refer,  was  2,515  (Royal  Society's 
MS.  Papers  on  Inoculation,  p.  21).  Unfortunately,  we  do  not  know  how  often 
epidemics  occurred  in  these  places,  nor,  exceptiag  as  to  Ware,  do  we  even 
know  their  population ;  but  the  suggestion  is  that  the  places  with  a  high  fataUty 
were  the  towns,  where  epidemics  might  be  frequent  and  attacks  confined 
mainly  to  early  childhood  ;  while  the  places  with  a  low  fatahty  were  rural 
districts  or  villages,  with  fewer  epidemics,  and  a  consequently  more  favourable 
range  of  ages. 

Jurin's  published  reports  do  not  in  any  case  give  the  ages  at  death.  But 
it  happens  that  the  volume  of  manuscript  papers  just  mentioned,  preserved 
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Ages 

Cases 

Deaths 

Deaths  per 
cent,  of  cases 

Ages 

Cases 

Deaths 

Deaths  per 
cent,  of  cases 

0-1 

1-2 

2-3 

3-4 

4-5 

5-10 

10-15 

15-20 

20-25 

3 
4 
6 
15 
33 
14 
16 

2 
1 

1 
3 
1 
3 

67 
25 

7 
9 

7 
18 

25-30 
30-40 
40-50 
50-60 
60-70 
70 

Totals 

9 
12 
10 
4 
4 
2 

3 
3 
4 
1 
2 
1 

33 
25 
40 
25 
50 
60 

132 

25 

18-9 

'  A  Letter  to  the  Learned  Caleb  Cotesworth,  M.D.,  containing  a  Comparison  between 
the  Natural  Small-pox  and  that  given  by  Inoculation,  London,  1723.  An  Account  of  the 
Sicccess  of  Lioculating  the  Small-pox  in  Great  Britain,  1724 ;  &c. 
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in  the  archives  of  the  Eoyal  Society,  gives  the  details  for  Aynho,  in  North- 
amptonshire, where  the  percentage-fatahty  was  18*9,  the  cases  having  been 
132  (wrongly  stated  in  Jurin's  Account  for  1726  as  133)  and  the  deaths  twenty- 
five.  The  facts,  though  scanty,  are  so  interesting  that  we  tabulate  them  in 
full.  In  this  table  the  average  fatality  is  just  about  that  resulting  from  the- 
whole  of  Jurin's  statistics.  And  it  is  obvious  that  the  cause  is  to  be  found 
in  the  large  number  of  cases  at  the  more  resistant  periods  of  Uf  e— from  five  to 
twenty-five  years,  when  the  fatality  is  low.  This  is  exactly  what  we  have  been 
arguing  for  in  the  case  of  Boston,  in  New  England,  and  it  goes  a  long  way 
in  interpretmg  Jurin's  statistics. 

Another  point,  equally  important,  has  to  be  noted,  namely,  that  no  deaths 
from  small-pox  are  here  recorded  under  two  years  of  age.  This  is  entirely 
contrary  to  modern  experience,  though  in  a  small  population  it  might  con- 
ceivably be  a  singular  accident.  But  in  Jurin's  Letter  to  Dr.  Cotesworth  (1723) 
we  find  the  remarkable  opinion  that  the  risk  ('  hazard  ')  of  death  from  small- 
pox '  increases  after  the  birth,  as  the  child  advances  in  age  ; '  and  in  the  same 
letter,  in  the  course  of  his  argument,  he  assumes  'that  out  of  every  1,000 
children  that  are  born,  386  die  without  having  the  small-pox,'  these  386  being 
'  not  above  one  or  two  years  of  age,'  and  constituting,  under  such  headings  as 
*  Overlaid,  Chrysoms,  and  Infants,  Convulsions,'  &c.,  all  the  deaths  under 
that  age.  It  would  thus  seem  that  in  making  his  calculations  Jurin  did  not 
knowingly  set  down  any  deaths  under  two  years  old  as  due  to  small-pox, 
putting  them  all  aside  as  chrysoms  (i.e.  dying  unbaptized)  and  infants,  &c., 
and  that  some  of  his  correspondents,  in  furnishing  him  with  statistics,  fol- 
lowed the  same  rule.  Knowing,  as  we  now  do,  that  small-pox  is  exceedingly 
fatal  under  two  years  of  age,  it  is  obvious  that  Jurin's  percentages  are  irre- 
trievably damaged  by  this  extraordinary  omission,  and  that  they  are  of  very 
little  value  unless  where,  as  in  the  case  of  Boston,  we  know  the  date  of  the 
previous  epidemic,  or  where,  as  in  Aynho,  we  have  a  statement  of  ages  as  well 
as  deaths.  Summing  up  the  small-pox  statistics  published  regarding  Geneva, 
the  Hague,  Kilmarnock,  Edinburgh,  Manchester,  Warrington,  and  Chester, 
for  former  centuries  we  find  that  of  36,755  small-pox  deaths  no  less  than 
17,252  were  under  two  years  of  age. 

Hospital  Fatality. — A  prominent  anti- vaccinationist  has  made  the  extra- 
ordinary blunder — in  which  he  has  been  unquestioningly  followed  by  other 
opponents  of  vaccination — of  assuming  that  Jurin's  statistics  referred  to 
hospital  cases,  though  they  belonged  to  a  period  nearly  a  quarter  of  a  century 
before  the  London  Small-pox  Hospital  was  opened,  and  when,  so  far  as  we  can 
find,  there  was  nothing  to  call  a  small-pox  hospital  anywhere  in  England. 
The  hospital  at  King's  Cross,  now  at  Highgate,  was  opened  in  1746,  and  in 
the  years  1746-63  the  cases  were  6,456  and  the  deaths  1,634,  the  fatality- 
rate  being  25'3  per  cent.  In  the  last  twenty-five  years  of  the  century  it  rose 
to  32-5  per  cent.^  In  1836-51  the  rate  fell  to  21-9  per  cent.,  and  in  1852-67 
to  13-5  per  cent.  The  hospitals  of  the  Metropolitan  Asylums  Board  were 
opened  in  1871.  In  1870-72  the  total  rate  of  the  London  small-pox  hospitals 
(in  14,808  cases)  was  18-7  per  cent. ;  in  1876-80  (15,171  cases)  it  was  17*6  per 
cent. ;  and  in  1881  the  rate  in  the  Deptford  Hospital  (3,185  cases)  was  17*3  per 
cent.,  and  in  the  Fulham  Hospital  (1,752  cases)  14*2  per  cent.  But,  again,  it 
must  be  pointed  out  that  to  judge  of  the  actual  value  of  these  rates  it  would 
be  necessary  to  tabulate  the  mortahty  at  each  separate  period  of  life. 

Though  age  must  have  been  by  far  the  most  important  factor  in  small-pox 
fatality  in  the  last  century,  it  is  not  to  be  supposed  that  it  was  the  only 
factor.  We  have  seen  that  the  disease  appears  to  have  taken  on  a  special 
'  Seaton,  Handbook  of  Vaccination,  p.  190. 


400  HYGIENE 

intensity  of  type  in  new  countries,  as  in  Greenland,  Iceland,  Mexico,  &c. 
And,  on  the  other  hand,  in  places  where  it  was  almost  endemic,  as  in  London, 
and  in  Glasgow  and  Kilmarnock,  there  may  have  been  a  corresponding  mild- 
ness of  type,  due  partly  to  the  weeding  out  in  course  of  time  of  families  speci- 
ally susceptible  to  fatal  small-pox.  Probably,  also,  local  conditions  had  their 
influence,  and  such  differences  would  exist  between  one  epidemic  and  another 
as  we  know  to  belong  to  measles,  scarlatina,  whooping-cough,  and  other 
similar  maladies. 

Cause  and  Mode  op  Dissemination 

'  As  to  what  may  be  the  esseTice  of  small-pox,  I  am,  for  my  own  part, 
free  to  confess  that  I  am  wholly  ignorant ;  this  intellectual  deficiency  being 
the  misfortune  of  human  nature,  and  common  to  myself  and  the  world  at 
large.'  So  wrote  Sydenham  250  years  ago,  and  so,  it  must  be  confessed, 
he  might  again  write  if  he  were  alive  to-day.  Like  other  members  of  the 
group  of  exanthemata  to  which  it  belongs,  small-pox  is  an  acute  infec- 
tious fever  with  specific  characters — and  especially  an  eruption — distin- 
guishing it  very  clearly  from  all  other  maladies,  these  characters  reproducing 
themselves  unmistakably  from  one  case  to  another ;  so  that  the  descriptions 
by  Ehazes  and  Sydenham  are  as  true  now  as  when  they  were  first  published. 
Its  power  of  reproduction  shows  the  organic  nature  of  the  contagium,  but 
we  have  as  yet  practically  no  knowledge  of  its  dependence  on  any  specific 
organism.  All  that  Fliigge  says  is  that  '  Cohn,  Weigert,  Koch,  and  others, 
found  micrococci  in  the  pustules  and  in  various  internal  organs  in  persons 
who  died  of  small-pox,'  but  that  *  cultivations  have  not  yet  been  made.' 

Infectivity. — The  first  known  approach  to  the  discovery  of  the  infectious 
nature  of  small-pox  was  made  by  Ah  Abbas  (980  a.d.).  A  few  years  later 
(992  a.d.)  Avicenna  was  quite  clear  on  the  subject,  both  as  to  small-pox  and 
measles.  '  Et  variolae  quidem  et  morbillus  sunt  de  summa  gegritudinum 
contagiosarum  '  (Moore).  In  England  in  1366  (p.  389,  ante)  the  infectivity  of 
the  malady  was  evidently  recognised,  but  the  fact  appears  sometimes  to  have 
been  forgotten,  and  even  Sydenham  is  silent  regarding  it.  Ultimately  Boer- 
haave,  ia  the  beguining  of  the  eighteenth  century,  distinctly  asserted  it,  and 
it  is  not  Hkely  again  to  be  lost  sight  of. 

The  disease  is  disseminated  from  the  sick  to  the  healthy  mainly  by 
means  of  the  air,  and  is  doubtless  received  into  the  body  through  the  respi- 
ratory tract.  It  can  be  carried  by  fomites,  as  by  epithelial  debris,  cloth  fibres, 
&c.,  but  as  the  contagium  itself  has  never  been  separated,  it  is  useless  to 
speculate  as  to  the  particular  form  or  condition  in  which  it  can  pass  into  the 
atmosphere.  The  bodies  of  persons  who  have  died  of  the  disease,  the  beds 
on  which  they  have  lain,  the  furniture  of  the  room,  and  all  such  ordinary 
means  of  infection,  have  their  share  in  spreading  small-pox.  Dr.  Pringle 
mentions  that  in  Hindostan  he  traced  several  cases  to  the  fact  that  small-pox 
crusts  had  in  some  way  got  mixed  with  a  supply  of  sugar  for  domestic  use. 

Aerial  Convection. — One  of  the  characteristics  of  small-pox  is  its  re- 
markable carrying-distance.  Haygarth,  m  the  last  century,  based  his  '  Plan 
to  Exterminate  the  Small-pox'  on  the  view  that  infection  through  the 
atmosphere  failed  at  a  very  short  distance.  In  1784  he  instanced  the  case 
of  three  persons  who  did  not  catch  the  disease  though  only  half  a  yard  distant 
from  a  child  with  pustules  and  scabs  on  its  skin,  and  in  1793  he  quotes 
experiments  in  the  same  direction  by  a  Dr.  O'Eyan.  O'Eyan  put  a  dossil  of 
cotton  soaked  in  small-pox  matter  on  an  oval  table  whose  smallest  diameter 
was  three  feet,  and  set  round  it,  day  after  day,  six  children.  He  renewed 
the  cotton  regularly,  but  the  children  were  not  infected.     But  O'Eyan  and 
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Haygarth  seem  to  have  neglected  the  obvious  fact  that  the  conditions  neces- 
sary to  produce  infection  in  the  individual  are  not  always  present.  In 
an  experiment  like  O'Eyan's  it  would  appear  to  be  the  condition  (fluidity) 
of  the  small-pox  matter  that  is  at  fault ;  while  in  an  epidemic,  persons  who 
are  exposed  to  infection  and  escape  are  likely  to  do  so  through  being  them- 
selves for  the  time  insusceptible,  the  insusceptibility  in  the  present  day  being 
usually  due  to  vaccination. 

The  well-known  investigations  of  Mr.  Power  regarding  the  influence  of  the 
Metropolitan  Asylums  Board's  Hospitals  on  the  spread  of  small-pox  have  led 
him  to  conclude  that  the  virus  can  sometimes  retain  its  activity  while  passing 
through  a  quarter  of  a  mile  or  more  of  London  air.  The  main  investigation 
took  place  with  regard  to  Fulham  Hospital,  and  the  facts  are  set  forth  in 
detail  by  Mr.  Power  in  an  appendix  to  the  Hospitals  Commission's  Eeport  of 
1882.  They  are  supported  by  subsequent  reports  by  the  same  observer  in  the 
Local  Government  Board's  Annual  Supplement.  Taking  Fulham  Hospital 
as  a  centre,  spot-maps  were  prepared  with  concentric  circles  distant  one- 
quarter,  one-half,  three-quarters,  and  one  mile  respectively.  Dealing  with 
fortnightly  periods  in  the  years  1877-80,  the  amount  of  small-pox  within 
the  hospital  was  shown,  and  also  the  extent  to  which,  during  successive 
fortnights,  houses  within  the  several  quarter-mile  belts  were  newly  invaded 
by  the  disease.  No  sooner  did  the  fortnightly  admissions  of  acute  cases 
amount  to  thirty-five  or  forty,  than  the  influence  on  the  surrounding  neigh- 
bourhood made  itself  felt.  The  following  table  shows  the  main  facts  during 
five  epidemic  periods.^     In  other  tables  it  is  shown  that  the  rates  per  100 

Admissions  of  Acute  Small-pox  to  Fulham  Hospital,  and  Incidence  of  Small-pox  upon 
Houses  in  Several  Divisions  of  Special  Area,  during  Five  Epidemic  Periods. 


Cases  of 

acute 
small-pox 
admitied 

In  epidemic  periods  since  opening  of 
hospital 

Incidence  on  every  hundred  houses  within  the  special 
area  and  its  divisions 

On  total 

special 

area 

On  small 

circle  O-J 

mile 

On  first 

ring,  i-J 

mile 

On  second 

ring,  i-i 
mile 

On  third 

ring,  f-1 

mile 

327 
714 
679 
292 
515 

March  1877  to  end  of  1877     . 
Jan.  1878  to  Sept.  1878 . 
Sept.  1878  to  Oct.  1879  . 
Oct.  1879  to  Dec.  1880  . 
Dec.  1880  to  April  2,  1881      . 

1-10 

1-80 

1-68 

•58 

^21 

3-47 
4-62 
4-40 
1-85 
3-00 

r37 

2^55 
2^63 

ro6 

1^64 

1-27 
1-84 
1-49 
•30 
1^25 

•36 

•67 
•64 
•28 
•61 

2,527 

Five  periods  .... 

6^37 

17-35 

9-25 

6-16 

2-57 

houses  outside  the  special  area  were  much  less  than  within  it.  The  general 
conclusions  were  : — (1)  That  the  hospital  contributed  largely  to  the  preva- 
lence of  small-pox  in  the  neighbourhood ;  (2)  that  the  incidence  bore  a  very 
exact  relation  to  propinquity  to  the  hospital ;  (3)  that  houses  in  the  chief 
thoroughfares  were  not  exceptionally  affected  ;  (4)  that  variations  in  the  use 
of  the  hospital  were  followed  by  corresponding  variations  outside,  but  that 
convalescent  cases  were  not  factors  in  the  influence  ;  (5)  that  the  influence 
was  greatest  when  admissions  to  the  hospital  were  beginning  to  increase 
rapidly ;  (6)  that  the  comparison  held  good  with  regard  to  successive  epi- 
demics ;  (7)  that  the  hospital  administration  was  not  responsible  ;  (8)  that 
the  conditions  contributory  to  the  small-pox  around  the  hospital  pertained 
to  the  hospital ;  and  (9)  that  '  during  the  present  epidemic  period,  and 
most  probably  during  former  similar  periods,  there  has  arisen  in  the  atmo- 

^  Eeports  of  the  Medical  Officer  for  1882,  1884,  1885,  and  1886. 
VOL.  II.  D  D 
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spheric  circumstances  of  the  time  peculiar  facility  for  the  dissemination  in 
an  undamaged  state  of  any  matter  that  may  have  been  given  off  from  the 
hospital.'  The  influence  of  a  rising  epidemic  is  probably  important,  and  its 
presence  or  absence  may  help  to  explain  differences  of  experience  by 
other  observers.  Later  inquiries,  also  conducted  by  Mr.  Power,  led  him  to 
the  same  conclusion.  In  these  inquiries  a  detailed  comparison  was  made 
of  the  prevalence  of  small-pox  in  various  metropolitan  districts — (1)  pre- 
vious to  the  use  of  the  Metropolitan  Asylums  Board's  hospital,  and  (2)  sub- 
sequently. The  effect  of  the  inquiry  went  to  show  that  those  districts  in 
which  hospitals  were  erected  were  thereby  brought  to  occupy  a  worse 
relative  position  in  regard  to  small-pox  prevalence  than  they  had  occupied 
previous  to  1871,  when  the  hospitals  first  came  into  use.  In  particular,  a 
district  (Hackney)  which  had  one  of  the  lowest  mortalities  in  London  in 
the  former  period  came  to  have  the  highest  in  the  latter  period,  and  in  the 
other  hospital  districts  the  facts  tended  in  the  same  direction.^ 

Insusceptibility. — As  in  the  case  of  other  similar  diseases,  a  few  persons 
appear  entirely  insusceptible  to  the  contagion  of  small-pox.  Kilpatrick^ 
(1761)  thought  it  possible  that  two  persons  in  a  hundred  might  be  naturally 
exempted,  but  he  mentions  that  Keidlin  thought  this  percentage  too  large. 
Cantwel  said  that  in  France  every  fiftieth  or  hundredth  person  entirely 
escaped,^  Haygarth  and  Sauvage  thought  the  proportion  of  exempted  persons 
amounted  to  about  5  per  cent.  (Cross),  and  Cross,  in  the  Norwich  epidemic, 
1820,  found,  in  603  persons,  that  ten  to  fifteen  were  insusceptible.  Woodville 
gives  one  in  twenty  as  representing  the  temporary  insusceptibility  of  adults, 
while  among  children  he  states  it  as  one  in  sixty. 

Incubation. — Defining  incubation  as  that  period  after  reception  of  the 
poison  during  which  there  are  no  symptoms,  either  febrile  or  eruptive,  then 
-the  length  of  incubation  of  small-pox  is  twelve  days  (twelve  times  twenty- 
four  hours).  But  between  the  reception  of  the  poison  and  the  appearance 
of  the  eruption  the  interval  is  from  about  thirteen  and  a  half  to  fourteen 
days,  the  initiatory  fever  occupying  the  last  part  of  this  period.  The  eruption 
therefore  appears  on  the  fourteenth  or  fifteenth  day  after  infection.  In  three 
or  four  cases  Marson  foimd  the  time  rather  less,  but  these  were  vaccinated 
persons,  in  whom  other  stages  of  the  disease  are  often  shortened. 

Period  of  Infectiveness. — This,  which  is  considered  to  date  from  the  com- 
mencement of  the  initial  symptoms  of  illness,  varies  according  to  the  length 
and  severity  of  the  attack  and  the  time  of  separation  of  the  crusts.  After 
crusts  and  scales  have  entirely  disappeared,  hot  baths  should  be  given  every 
day  or  two  for  ten  or  twelve  days,  after  which  the  patient  may  be  looked  on 
as  free  from  infection. 

From  the  returns  of  the  Asylums  Hospital  Board,  London,  Wynter  Blyth* 
has  found  that  the  mean  time  in  vaccinated  cases,  from  the  beginning  of  the 
eruption  till  the  discharge  from  hospital,  is  twenty-five  days,  the  maximum 
being  fifty-five  and  the  minimum  eighteen. 

Peotection 

The  following  general  considerations  anticipate  to  some  extent  what 
follows  in  more  detailed  order  under  separate  headings. 

1.  Protection  of  the  individual  from  attack  by  small-pox  is  obtainable 
in  three  separate  ways  :  {a)  by  previous  small-pox  attack  acquired  in  the 

'  Dr.  Buchanan's  Supplement  to  the  Sixteenth  Annual  Report  of  the  Local  Govern- 
ment Board. 

^  An  Analysis  of  Inoculation,  by  J.  Kilpatrick,  M.D.,  2nd  edit.,  1761. 

«  Schultz,  op.  cit.,  p.  127.  ■•  Manual  of  Public  Health,  1890. 
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•'  natural '   way ;  (&)  by  successful  inoculation   of  small-pox  (variolation) ; 
'(c)  by  successful  vaccination. 

2.  Formerly — at  the  beginning  of  this  century — '  protection,'  in  which- 
ever way  obtained,  was  considered  complete  and  practically  permanent. 
Nowadays  we  have  seen  reason  for  modifying  this  view. 

3.  But  now,  as  formerly,  we  hold  that  '  protection  '  in  course  of  being 
acquired  is  very  differently  exhibited,  according  as  it  is  resulting  from  [a), 
from  (5),  or  from  (c).  For  instance,  in  the  {a)  case  a  person  suffers  a 
malady  from  which  he  perhaps  barely  escapes  with  his  life,  whereas  in  the 
(c)  case  he  would  not  be  considered  ill  at  all  but  for  the  manifestation  of  a 
locally  induced  affection  well  known  to  be  commonly  correlated  with  consti- 
..tutional  indisposition. 

4.  And  just  as  protection  is  to  be  obtained,  as  a  result  of  (a),  of 
(6),  and  of  (c),  so  also  it  is  obtainable  from  differing  degrees  of  (a),  differing 
degrees  of  [h),  and  differing  degrees  of  (c).  Thus  as  regards  [a),  the  pro- 
tecting small-pox  attack  may  be  of  the  confluent  sort,  or  it  may  be  discrete 
^nd  mild.  Commonly  it  is  one  or  the  other.  But  it  may  be  as  trivial  as 
that  which  has  hithertofore  passed  under  the  names  horn-pock,  swine-pock, 
nirle-pock,  chicken-pock,  water-pock,  &c. ;  or  it  may  be  even  destitute  of 
eruption  in  the  form  of  so-called  '  variolous  fever  ; '  (&)  the  protecting  vario- 
lation may  have  associated  with  it  eruption  of  confluent  or  discrete  small- 
pox, most  commonly  the  latter.  But  exceptionally  the  operation  may  be 
wholly  dissociated  from  general  variolous  eruption,  and  result  merely  in  a 
local  variola,  perhaps  unassociated  with  constitutional  indisposition ;  (c)  the 
protecting  vaccination  may  have  associated  with  it  (though  rarely)  a  general 
vesicular  eruption  with  considerable  fever.  But  most  commonly  the  vac- 
-cinia  induced  is  limited  to  the  point  or  points  at  which  lymph  was  inserted, 
and  is  supplemented  by  more  or  less  of  constitutional  indisposition.  Vaccinia 
in  the  above  sense  and  local  variola  without  constitutional  indisposition 
are,  be  it  observed,  at  opposite  poles  in  their  respective  classes.  The  former 
represents  complete  expression  of  the  malady  sought  to  be  induced,  whereas 
the  latter  (the  local  variola  without  constitutional  indisposition)  indicates 
the  minimum  expression  of  the  variolous  process,  and  the  comparative  pro- 
tection given  by  the  one  process  and  by  the  other  is  not  to  be  measured  by 
the  same  standard  of  presence,  or  absence,  or  plentifulness,  or  scantiness  of  a 
^general  exanthem,  vaccinal  in  one  case  and  variolous  in  the  other. 

5.  But  though  '  protection  '  results  from  {a),  from  (6),  and  from  (c),  and 
from  differing  degrees  of  each  of  them,  it  is  not  to  be  regarded  as  equally 
lasting  in  all.  Thus  we  may  think  of  (1),  an  attack  of  confluent  natural 
small-pox,  as  a  more  lasting  protection  than  an  average  variolation  or  an 
average  vaccination.  In  like  manner  it  is  open  to  us  to  regard  (2),  a  severe 
attack  of  natural  small-pox,  as  likely  to  have  commonly  been  a  more  lasting 
protection  than  a  mild  or  doubtful  attack  ;  (3)  a  local  variolation  followed  by 
general  variolous  eruption  as  likely  to  have  commonly  been  a  more  lasting 
protection  than  an  exceptional  local  variola  without  such  eruption.  In  just 
ihe  same  way  as  (4)  we  now  regard  a  complete  (multiple)  and  efficient 
vaccination  associated  with  constitutional  indisposition  as  a  more  lasting 
protection  than  an  incomplete  (single)  and  inefficient  vaccination  doubtfully 
followed  by  constitutional  indisposition. 

Indications  of  differing  values  of  '  protection  '  within  the  limits  of  each 
•of  the  several  classes  (a),  (6),  (c)  tempt  us  to  surmise  what  may  be,  and 
especially  what  in  times  past  may  have  been,  the  relative  value  of  one  and 
another  '  protection  '  under  equal  conditions  of  subsequent  exposure  to  the 
-contagion.     For  instance : — In  past  times  was  or  was  not  a  mild,  discrete 
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attack  of  natural  small-pox  any  better  (in  the  sense  of  lasting)  protection 
than  an  average  variolation,  and  an  attack  of '  variolous  fever '  (i.e.  small- 
pox without  eruption)  any  better  protection  than  a  Suttonian  inoculation  ? 
Similarly,  and  in  the  beginning  of  the  present  century,  what  were  the  relative 
values  of  a  Suttonian  variolation  and  a  vaccination  (efficient  as  was  casual 
vaccinia),  both  of  them  having  been  undergone  in  the  first  year  of  life,  with 
thereafter  {as  above)  equally  frequent  and  sustained  exposure  to  the  contagion 
of  small-pox  ? 

The  possible  importance  of  equally  frequent  (and  when  incurred  equally 
sustained)  exposure  to  small-pox  will  be  referred  to  presently ;  but,  mean- 
while, it  is  necessary  to  say  a  word  as  to  the  probable  importance  of  equal  ages 
at  reception  of  protection  when  one  sort  of  '  protection '  is  to  be  compared 
with  another.  Much  may  depend  on  this.  It  is  coming  to  be  seen  nowa- 
days that  revaccinated  adults  resist  small-pox  attacks  to  a  far  greater  extent 
than  adolescents,  who  depend  solely  for  their  '  protection '  on  a  primary 
vaccination  done  in  infancy.  Lest,  however,  it  be  assumed  that  the  pro- 
tection bestowed  by  a  revaccination  is  something  superadded  to  that  re- 
maining from  primary  vaccination,  i.e.  that  the  two  together  add  up,  so  to 
speak,  to  a  total  stock  of  protection  larger  in  amount  than  that  possessed 
by  the  individual  at  the  date  when  in  infancy  his  primary  vaccmation  had 
just  run  its  course,  it  is  necessary  to  point  out  that  a  revaccinated  adult 
has  neither  more  nor  less  protection  than  was  obtained  by  his  ancestor 
who  was  primarily  (and  efficiently)  vaccinated  in  adult  hfe.  A  person  re- 
vaccinated in  adult  life,  his  ancestor  primarily  vaccinated  at  twenty- five  years 
of  age,  and  the  vaccinated  baby  of  to-day  would,  immediately  after  then- 
vaccination  had  run  its  course,  react,  or  would  have  reacted,  in  exactly 
similar  fashion  to  variolation  or  to  exposure  to  the  infection  of  small-pox» 
Less  sustained  resistance,  then,  of  infantile  vaccination  as  compared  with 
adult  vaccination  or  adult  revaccination  is  not  referable  to  less  amount  of 
(less  complete)  vaccination  in  the  infant  at  the  time  it  was  obtained  ;  rather 
it  is  due  to  a  more  rapid  loss  of  protection  by  the  infant  than  by  the  adult, 
such  loss  being  due  to  the  circumstance  that  after  it  has  been  obtained  the 
infant  and  child  grows  and  develops,  whereas  the  adult  merely  maintains 
the  status  quo  ante}  In  the  one  case,  that  is,  there  is  simply  slow  repair  of 
the  tissues  as  they  waste  ;  in  the  other  there  is  rapid  multiphcation  of — 
addition  to,  dilution  of — ihe  tissues  which  were  modified  in  the  '  process  of 
protection.' 

With  reference  to  the  different  estimate  by  ourselves  and  by  our  grand- 
fathers of  the  permanence  of  '  protection,'  we  have  found  reason  for  including 
within  the  term  '  small-pox '  minor  eruptive  malady,  or  maladies,  the 
variolous  nature  of  which  they  denied ;  and  further,  we  have  had,  which 
they  had  not,  opportunity  of  observing  the  behaviour  towards  small-pox  of 
large  groups  of  '  protected '  persons  of  various  ages  exposed  to  infection  of 
that  disease  at  long  intervals  after  their  '  protection '  was  acquired.  For  us, 
history  and  experience  are  to  the  following  effect : 

At  the  beginning  of  this  century  the  majority  of  the  adult  population  of 
this  country  had  already  passed  through  small-pox.  Some  adults  had  had 
natural  small-pox,  some  of  them  small-pox  by  inoculation ;  but,  whatever 
their  protection,  i.e.  whether  by  natural  small-pox  or  by  variolation,  tliey 

'  The  Germans  have  requu'ed,  since  1874,  for  females  two  raccinations,  but  for  able- 
bodied  males  i/iree— viz.  both  sexes  in  infancy ;  both  sexes  at  eleven  or  twelve  years ; 
males  only  on  entering  the  army.  So  that,  if  revaccination  at  eleven  or  twelve  years 
does  not  protect  through  the  remainder  of  hfe,  we  shall  know  of  it  in  the  future  by  fatal 
Bmall-pox  in  adult  Germans,  confined  mainly  at  first  to  the  female  sex. 
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Jiad  continued  thereafter  (at  any  rate  in  towns)  to  he  (like  their  ancestors) 
frequently  exposed  to  the  infection  of  current  small-pox.  So,  too,  with  ado- 
lescents. At  that  date  a  considerable  proportion  of  them  had  also  had  small- 
pox or  had  been  variolated ;  and  they,  like  their  seniors,  had  been  afterwards 
exposed,  in  their  degree,  to  frequently  recurring  epidemics  of  small-pox. 
Meanwhile  children,  and  especially  babies,  instead  of  being  left  as  during 
last  century  to  take  their  chance  of  current  small-pox,  or  to  await  a  favourable 
opportunity,  delayed,  perhaps  to  five  years  of  age  or  later,  for  inoculation,  were 
getting  vaccinated,  along  with  certain  of  their  seniors  who  had  escaped  small- 
pox, and  had  not  been  purposely  variolated,  in  rapidly  increasing  numbers. 

Small-pox,  therefore,  in  the  early  years  of  this  century,  when  it  tended 
"to  become  epidemic  here  and  there  in  this  country,  found  far  fewer  persons 
than  ever  before  susceptible  to  its  infection.  And,  as  a  consequence,  small- 
pox epidemics  were,  seventy  to  ninety  years  ago,  less  easily  set  going ;  they 
were  less  widespread,  and  the  intervals  between  them  became  longer  than 
had  been  the  case  last  century.  As  a  further  result  of  diminished  small- 
pox, and  of  its  less  frequent  epidemicity,  persons  who  had  obtained  '  pro- 
tection,' in  whatever  way,  lived  less  constantly  than  their  forefathers  in  the 
presence  of  small-pox ;  their  '  protection,'  therefore,  was  less  frequently 
tested,  and  tested  only  at  longer  and  longer,  intervals.  It  was  under  these 
circumstances  that  there  occurred  in  the  first  quarter  of  this  century,  and 
seemingly  only,  or  most  conspicuously,  in  the  presence  of  small-pox  epidemics 
arising  after  several  years'  freedom  from  the  disease,  multiple  cases  of  tran- 
sient indisposition  associated  for  the  most  part,  though  not  invariably,  with 
general  eruption  on  face  or  body,  or  both,  of  papules,  pimples,  vesicles,  which 
ran  a  short  course  and  were  not  attended  by  a  so-called  '  fever  of  maturation.' 
Mainly,  such  attacks  were  taken  note  of  among  children  that  had  been 
vaccinated  in  infancy  (but  they  were  not  confined  to  such  persons,  or  to  those 
that  had  not  had  small-pox)  living  or  associating  with  unvaccinated  relatives 
and  others  that  were  undergoing  unmistakable  small-pox.  As  to  a  variolous 
nature  of  these  attacks  there  was  much  and  long  controversy,  in  the  course 
■of  which  the  advocates  of  permanent  protection  by  vaccination  did  not  fail 
to  point  out  that  such  eruptions  had  been  not  uncommon,  and  under  similar 
conditions  of  epidemic  small-pox,  long  before  vaccination  was  heard  of,  and 
that  persons  who  were  marked  by  previous  attacks  of  small-pox  had  in 
those  other  days  been  subject  to  them,  or  at  least  to  one  variety  that  had 
obtained  the  name  of  '  horn-pock.' 

The  time  at  length  came — vaccination  having  greatly  increased  and 
become  more  and  more  an  affair  for  babies,  and  small-pox  having  meanwhile 
continued  to  diminish,  and  the  intervals  between  epidemics  to  become 
longer — when  the  adults  of  this  country  had  been  in  the  main  vaccinated  in 
infancy,  and  had  been,  unlike  their  forbears,  little  exposed  since  birth  to 
the  infection  of  small-pox.  So  that  in  the  end,  small-pox  epidemics,  when 
they  have  recurred,  while  affording  among  young  vaccinated  persons  plenty 
of  the  anomalous  cases,  which  early  in  the  century  had  given  rise  to  contro- 
versy, have  afforded  also  in  association  with  such  cases,  and  mainly  among 
older  vaccinated  persons,  plenty  of  cases  of  undeniable  small-pox,  some  of  it 
having  a  fatal  termination. 

In  the  light  of  the  above  considerations,  presumption  may  be  thought  to 
arise  that  disbelief  by  our  forefathers  in  '  second  '  small-pox  is  likely  to  have 
had  a  very  similar  basis  to  disbelief  by  our  more  immediate  ancestors  in '  post- 
vaccinal '  small-pox.  Thus,  our  grandfathers,  in  the  first  quarter  of  the 
century,  starting  with  the  assumption  that  a  person  once  protected  was 
.always  protected,  declined  to  accept  eruptive  malady  occurring  (in  the  face 
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of  epidemic  small-pox)  in  vaccinated  persons  as  other  than  spurious  small- 
pox ;  and  commonly  their  attitude  in  this  respect  was  fortified  by  the  circum- 
stance that,  few  persons  in  those  days  being  able  to  go  many  years  after- 
vaccination  without  getting  exposed  to  small-pox,  they  rarely  saw  in  vacci- 
nated persons  any  but  much  modified  small-pox.  When,  however,  they  did' 
exceptionally  see  (say  in  countrymen,  and  by  reason  of  long  interval  between, 
vaccination  and  exposure  to  an  attack  by  small-pox)  unmodified  small-pox 
in  a  vaccinated  person,  they  straightway  inferred  that  such  person's  vaccina- 
tion had  been  spurious. 

In  just  the  same  way,  their  own  ancestors,  starting  on  a  hke  assumption  (at 
a  time,  too,  when  nearly  everybody  was  frequently  exposed  to  small-pox j,  when 
they  happened,  as  was  perhaps  not  rarely  the  case,  to  see  modified  small-pox  in 
the  adult  follow  small-pox  that  in  the  person's  infancy  had  left  unmistakable 
pitting,  are  likely  to  have  declined  to  regard  this  modified  small-pox  as  other 
than  spurious,  and  to  have  preferred  to  call  it  horn-pock,  swine-pock,  and 
the  Hke.  Again  they,  when  they  more  rarely  saw,  say  in  countrymen  at 
long  intervals  after  reputed  primary  attack,  unmodified  small-pox  in  an. 
adult  said  to  have  had  small-pox  (mild)  in  infancy  or  childhood,  are  likely 
forthwith  to  have  dubbed  such  primary  attack  as  spurious  (chicken-pock,, 
water-pock,  and  the  like) ;  and  no  doubt  they  were  helped  to  so  regard  it  if 
their  patient  bore  no  marks  whatever  of  his  primary  small-pox  attack. 

Should  it  be  contended  that,  if  our  great-grandfathers  really  did  see 
(although  they  did  not  recognise  them)  plenty  of  '  second  '  attacks  of  small- 
pox, we  ourselves  of  to-day  ought  to  be  seeing,  where  small-pox  is  epidemic, 
a  good  many  second  attacks,  the  answer  is,  that  a  century  ago  primary 
small-pox  attack,  whether  severe  or  mild,  was  undergone  habitually  in  early 
hfe,  whereas  nowadays  primary  attack  is  in  the  main  in  adult  life.  Not 
only,  therefore,  was  there  opportunity  for  an  interval  between  first  and 
second  attacks  longer  on  the  average  in  our  forefathers'  days  than  now,  but. 
'  protection  '  by  small-pox  attack  in  their  day,  being  usually  obtained  in  early 
life,  was,  owing  to  further  growth  and  development  thereafter  of  the  indi- 
vidual, less  stable  than  with  us,  now  that  small-pox  attack  occurs  for  most 
people  at  an  age  when  growth  and  development  are  complete. 

Peotection  by  Natural  Small-pox 

The  protective  power  of  natural  small-pox — small-pox  received  by  infection 
in  the  ordinary  way — is  distinctly  greater  than  that  conferred  either  by  arti- 
ficial variolation  or  by  vaccination. 

Second  Small-pox. — But  it  is  by  no  means  absolute  nor  invariable,  and, 
indeed,  the  evidences  of  second  small-pox  are  as  ancient  as  Ehazes,  who  states 
that  it  is  possible  for  the  disease  to  come  not  only  twice,  but  thrice.  Avicenna 
sets  down  second  small-pox  as  a  frequent  occurrence.  Gaddesden  also  men- 
tions it.  Fortestus  in  the  sixteenth  century  records  that  his  own  son  was 
thrice  attacked,  and  that  he  had  seen  the  same  thing  in  many  other  patients. 
Mercurialis  and  others  testify  similarly,  and  Diemerbroek  in  the  seventeenth 
century  saw  many  instances  of  it  (Moore).  Maitland,  the  first  medical  mart 
who  practised  inoculation  in  England,  also  knew  of  it.  But  in  the  eighteenth, 
century  it  was  denied  by  Mead,  Dimsdale,  and  others,  and  Van  Swieteu 
opined  that  the  real  small-pox  could  only  take  place  once.  This  qualification^ 
as  we  shall  see,  is  important.  Coming  to  our  own  century,  the  possibiHty  of 
repeated  small-pox  is  again  asserted  and  insisted  on,  and  various  collections. 
have  been  made  of  references  to  second  cases,  notably  by  Professor  Thomson  ^• 

'  Historical  Sketch  respecting  the  Varieties  of  Small-pox.     1822. 
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and  Dr.  Hennen,  of  Edinburgh,  by  Plocquet,i  who  gives  a  Hst  of  seventy-four 
reporters  of  such  cases,  by  the  Provincial  Medical  Association  (239  cases),  and 
by  the  Epidemiological  Society. 

Modified  Forms  of  Small-pox. — But,  after  all,  the  difference  of  opinion 
between  eighteenth-century  writers  on  the  one  hand,  and  their  predecessors 
and  successors  on  the  other,  is  mainly  a  difference  of  names.  While  there  is 
ample  evidence  that  second  small-pox  may  be  severe,  confluent,  and  even 
fatal,  yet  the  disease  is,  as  a  rule,  so  much  modified  that  it  has  given  room 
for  dispute  as  to  what  is  and  what  is  not  real  small -pox.  John  of 
Gaddesden  declared  *  Item  notandum  quod  variolas  sunt  duplices,  proprise 
et  impropriae.'  Sydenham  wrote  of  genuine  and  bastard  small-pox,  and  his 
contemporary,  Morton,  spoke  of  genuine  and  '  spurious.'  To  the  latter 
sort  many  names  were  given,  depending  on  the  particular  appearance  of  the 
pocks — as  stone-pox,  water-pox,  wind-pox,  sheep-pox,  swine-pox,  horn-pox, 
nirle-pox,  &c. ;  and  when  we  come  to  the  writers  who  denied  the  existence  of 
second  small -pox,  we  still  find  Van  Swieten  talking  of  the  first  three  of  these 
forms — but  not  as  real  small-pox.  In  Scotland,  the  favourite  terms  were 
horn-pox,  and  nirle-pox. 

It  may  safely  be  asserted  that  these  names  nearly  always  mean  modified 
small-pox,  and  that  in  the  great  majority  of  cases  the  modifying  agency  was  a 
previous  attack  of  the  disease,  either  by  infection  or  inoculation.  Some  of 
the  terms,  as  stone-pox,  horn-pox,  &c.,  would  denote  an  eruption  which  never 
got  beyond  the  papular  stage,  while  water-pox  and  chicken-pox — which  term 
was  also  used  in  this  connection — would  refer  to  a  form  in  which  the  vesicular 
stage  predominated.  Of  course,  what  we  now  know  as  chicken-pox  may 
also  often  have  been  called  water-pox,  and  sometimes  swine-pox,  though  the 
other  names  could  hardly  have  been  apphed  to  that  disease.  A  curious 
feature  in  connection  with  modified  forms  of  small-pox  is  that  they  some- 
times became  so  estabhshed  in  a  locality,  and  so  fixed  in  type,  that  they 
prevailed  as  epidemics.  Jenner  discusses  such  an  epidemic,  and  Sydenham 
describes  an  outbreak  of  variolous  fever  without  eruption.  Indeed,  it  is 
evident  that  when  such  fixity  of  character  was  temporarily  obtained,  the 
disease  in  its  epidemic  form  attacked  not  only  persons  who  had  already  had 
small-pox,  but  sometimes  also  entirely  unprotected  people,  who  in  this  way 
would  get  a  considerable  amount  of  protection.  And  where  the  modification 
of  type  was  not  very  considerable,  the  variolous  nature  of  the  disease  was 
sometimes  clearly  enough  recognised,  as  by  Sydenham,  whose  epidemic  of 
variolous  fever  ran  pari  passu  with  another  epidemic  of  unmodified  and 
unmistakable  variola.  It  was  a  common  saying,  as  recorded  by  Wagstaffe, 
that  there  were  some  kinds  of  small-pox  that  a  doctor  could  not  cure,  and 
others  that  a  nurse  could  not  kill.  In  the  present  century,  with  small-pox 
itself  much  less  prevalent,  and  occurring  at  a  higher  range  of  ages,  the  evi- 
dences of  second  attacks  are  scantier,  but  every  epidemic  adds  to  them.  Jenner, 
Munro  tertius,  Thomson,  Cross,  Seaton,  Marson,  &c.,  record  many  cases. 

Opinions  as  to  the  frequency  of  second  small-pox  vary  greatly.  Cursch- 
mann^  says  the  statements  run  from  1  in  250  (Eichhorn),  to  1  in  10,000 
(by  Condamine),  and  Marson  gives  the  fatality  at  19  per  cent.,  while  the 
Epidemiological  Society  puts  it  as  low  as  8"3  per  cent.  These  differences 
doubtless  depend,  as  before,  on  the  acceptance  or  rejection  of  more  or  less 
modified  cases.  But  there  can  be  no  question  that  small-pox  after  natural 
small-pox  is  comparatively  rare,  and  that  a  great  majority  of  the  cases  are 
much  modified.     The  chief  factors  in  the  production  of  a  second  attack,  and 

'  Beaton's  Haiidbook  of  Vaccination,  p.  302. 
'  Ziemssen's  Cyclopcedia  of  Medicine. 
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in  its  severity  or  otherwise,  may  be  stated  as  (1)  mildness  of  the  first  attack  ; 
(2)  its  oceurrence  in  infancy ;  and  (3)  a  lengthened  interval  since  the  first 
attack.  But  there  appears  to  be  a  small  number  of  individuals  who  through 
constitutional  idiosyncrasy  are  peculiarly  susceptible  not  only  to  repeated  but 
severe  attack. 

Pkotection  by  Small-pox  Inoculation 

It  was  doubtless  at  an  early  period  in  the  history  of  mankind  that  the 
idea  was  first  conceived  of  trying  to  forestall  and  baffle  a  severe  attack  of  a 
disease  by  the  induction  of  a  milder  attack.  Previous  to  reaching  this  point, 
other  elementary  conclusions  on  the  subject  of  disease  incidence  must  have 
been  arrived  at.  The  chief  of  these  would  be  (1)  that  there  were  certain 
infectious  maladies  from  whose  attack  comparatively  few  persons  might  expect 
to  escape ;  (2)  that  some  of  these  maladies  were  very  unlikely  to  occur  twice 
in  the  same  person,  or,  in  other  words,  that  one  attack  had  the  power  of  pre- 
venting a  second ;  (3)  that  where  this  was  the  case,  a  mild  attack  might  be 
rehed  on  to  possess  the  prophylactic  quality ;  and  (4)  that  this  mildness  of  type 
in  one  case  was  likely  to  induce  similar  mildness  in  cases  infected  from  it. 

In  places  where  atmospheric  infection  was  understood,  the  most  rudimen- 
tary procedure  in  the  direction  indicated  would  probably  consist  in  the 
intentional  exposure  of  persons  who  had  not  already  passed  through  the 
disease  to  infection  from  a  favourable  case  of  a  prevailing  distemper.  In 
the  present  day  such  a  practice  is  by  no  means  unknown.  In  outbreaks  of 
measles  and  scarlatina  of  the  requisite  gentleness  of  behaviour,  we  find  many 
parents  who  believe  that  it  is  better  for  their  children  to  commute  the  risk 
on  the  easy  existing  terms.  In  remote  parts  of  the  Highlands  of  Scotland, 
in  the  last  century,  children  were  sometimes  put  to  bed  with  patients  suffer- 
ing from  '  a  good  mild  small-pox '  as  Monro  terms  it,  with  this  end  in  view. 
A  nearer  approach  to  modern  methods  was  found,  also  in  the  Highlands,  in  the 
practice  of  saturating  woollen  threads  in  the  contents  of  small-pox  pustules, 
and  tying  them  round  the  wrists  of  the  subjects  whose  infection  was  desired. 

It  is  an  interesting  fact  that  perhaps  all  the  really  serious  attempts 
which,  up  to  quite  a  recent  date,  have  been  made  to  obtain  subsequent  im- 
munity from  a  disease  by  inoculation  of  the  virus,  either  of  the  same  disease 
(as  in  small-pox  inoculation)  or  of  another  believed  to  possess  the  necessary 
power  (as  in  cow-pox  inoculation)  have  had  reference  to  the  one  malady, 
smaU-pox.  Very  likely  the  practice,  as  applied  to  this  disease,  had  its  origin 
in  the  occasional  occurrence  of  accidental  contact  of  small-pox  matter  with 
an  open  sore  on  the  body  of  some  nurse  or  attendant,  and  the  observation 
of  the  trifling  nature  of  the  ensuing  illness.  If  so,  it  is  obvious  that  in 
ordinary  fevers,  in  measles,  in  scarlatina,  &c.,  there  could  be  no  such  ac- 
cidents, as  these  zymotics  are  not  characterised  by  an  eruption  of  vesicles 
or  pustules  containing  an  inoculable  fluid.  But  in  imitation  of  variolation, 
various  attempts  have  been  made  by  Home,*  Wachsel,  Speranza,  Katona, 
Thomson  and  others  to  induce  a  mild  attack  of  measles  by  a  similar  method.^ 
Attempts  of  a  Hke  nature  have  also  been  made  with  regard  to  plague.^ 

Methods. — As  has  already  been  mentioned,  the  oldest  accounts  of  small- 
pox inoculation  come  from  Hindostan,  where  the  practice  was  in  the  hands 
of  the  Brahmins  (Holwell).      Their  method  of  operating  was  as   follows. 

'  Medical  Facts  and  Experiments,  1759. 

^  For  an  interesting  account  of  these  attempts,  see  a  paper  by  Dr.  Hugh  Thomson  in 
the  Glasgow  Medical  Journal  for  June  1890. 

^  Schultz,  op.  cit.    Bees'    Cyclopadia,  article  '  Inoculation,'  edition  1819. 
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They  used  stored  matter  from  inoculated  cases  of  the  previous  year,  and 
they  practised  only  in  the  cold  season — early  in  February  as  a  rule.  By 
friction  with  a  dry  cloth  they  caused  a  flow  of  blood  to  the  capillaries 
■of  the  skin  on  the  outside  of  the  arm.  Then  with  a  sharp  instrument  they 
made  slight  scratches,  scarcely  drawing  blood,  over  an  area  of  a  groat  or  a 
sixpenny-piece.  On  this  they  bandaged  a  moistened  pledget  of  variolated 
cotton.  At  the  end  of  six  hours  the  bandage  was  removed,  and  the  pledget 
left  to  fall  off  of  its  own  accord.  They  used  the  cold  douche  over  the  head 
and  shoulders  up  till  the  time  of  the  eruptive  fever,  and  resumed  it  on 
the  appearance  of  the  pustules.  A  vegetable  diet  was  prescribed,  and 
the  patients  were  freely  exposed  to  the  open  air,  this  being  accompHshed 
Y/here  there  was  much  fever  by  causing  the  patient  to  lie  on  a  mat  at  the 
door.  The  eruption  usually  consisted  of  from  50  to  200  pustules,  though  the 
patient  was  looked  on  as  pretty  secure  even  if  only  a  few  pimples  appeared 
round  the  inoculated  part.  All  the  pustules  were  opened  and  their  contents 
wiped  away  by  means  of  a  linen  rag  dipped  in  warm  water.  In  most 
respects  the  Brahmin  method  of  what  we  would  now  call  attenuation  of  virus, 
and  of  general  treatment,  was  as  nearly  perfect  as  later  experience  ever  made 
it,  even  in  the  last  century  in  this  country,  and  it  was  only  after  many  years' 
elaborate  blundering  that  the  Eastern  simplicity  was  finally  returned  to. 
In  China,  where  next  we  hear  of  variolation,  a  much  less  satisfactory  pro- 
cedure was  followed.  It  was  called  '  Sowing  the  Small-pox,'  and  consisted 
in  fixing  into  the  nostrils  small-pox  crusts,  perfumed  with  a  httle  musk, 
and  wrapped  in  wool.  According  to  Schultz,  the  African  method  was  to 
draw  a  needle  and  thread  through  a  mature  pustule,  and  afterwards  through 
the  loose  tissue  between  the  thumb  and  the  first  finger. 

In  Persia,  Armenia,  Greece,  &c.,  the  practice  is  also  of  great  antiquity, 
but  may  have  originated  in  Arabia.  When  the  subject  began  to  be  of 
interest  in  this  country,  the  Circassian  operation  was  in  the  hands  of  old 
women,  who  employed  three  needles  tied  together,  and  pricked  the  body 
in  five  places,  in  all  of  which  matter  was  inserted.  The  practice  was 
called  '  Buying  the  Small-pox '  owing,  according  to  Moore,  to  some  trifling 
present  being  given  to  the  child  from  whom  matter  was  taken.  WoodviUe 
refers  to  a  similar  expression  prevailing  at  Pavia,  in  Italy,  and  it  is  an 
extraordinary  fact  that  after  variolation  came  into  vogue  in  England,  it 
turned  out  that  among  the  peasantry  in  South  Wales  ^  '  Buying  the  Small- 
pox '  was  not  unknown  either  in  name  or  in  fact.  The  Welsh  method 
consisted  in  either  rubbing  the  matter  directly  into  the  skin  or  inserting 
it  by  means  of  pricks  with  pins.  It  would  almost  appear  as  if  in  some 
obscure  way  inoculation  had  travelled,  like  small-pox  itself,  along  the  northern 
shores  of  Africa  into  Southern  Europe,  ^  and  thence  extended  northwards, 
where  in  out-of-the-way  places  it  had  lingered  possibly  for  centuries,  at 
the  same  time  that  it  had  entirely  passed  out  of  the  knowledge  of  the  larger 
centres  of  population.  Monro  primus  ^  records  that  even  in  the  remote  island 
of  St.  Kilda,  '  the  small-pox,  according  to  Dr.  Macauley,  is  communicated 
by  rubbing  the  matter  of  small-pox  upon  the  skin  of  the  elbow-joint.' 

Phenomena  of  Inoculation. — The  phenomena  of  inoculation,  as  described 
by  Trousseau,''  one  of  the  latest  writers  who  can  speak  from  personal  observa- 

'  Dr.  Perrot  Willan,  in  Jurin's  Comparison,  &c.,  1723. 

^  In  Italy,  according  to  De  la  Conclamine,  '  it  was  the  custom  from  time  immemorial 
amongst  nm'ses  to  communicate  small-pox  to  children  by  rubbing  the  palms  of  their 
hands  with  recent  matter  of  small-pox.'  (Observations  on  the  Different  Kinds  of  Small- 
pox, by  Monro  tertius.) 

^  Op.  cit. 

*  Clinical  Medicine,  Sydenham  Society's  translation,  vol.  ii. 
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tion,  are  briefly  as  follows.  At  the  seat  of  insertion  of  virus,  a  small  re^ 
pimple  appears  on  the  second  day.  By  the  fifth  day  it  has  become  an. 
acuminated  vesicle,  but  sometimes  depressed  in  the  centre.  On  the  seventh. 
day  the  vesicle  has  become  a  pustule,  with  an  areola,  which  increases  irt 
extent  up  till  the  tenth  day,  the  pustule  also  enlarging,  becoming  more 
depressed  in  the  centre,  and  bluish  m  colour.  Its  edges  are  uneven  (unhke 
vaccinia),  and  within  the  area  of  the  areola  from  ten  to  twenty  secondary- 
pustules  appear.  The  distinctive  irregularity  in  shape  of  the  vesicle,  with  its 
surrounding  satellites,  is  shown  in  Ballhorn's  and  Stromeyer's  plate  repro- 
duced by  Crookshank,^  but  much  more  clearly  in  Pearson's  plate,  prefixed 
to  his  work  pubUshed  in  1802.  The  axillary  glands  are  affected,  especially" 
on  the  ninth  day.  The  pustule  as  a  rule  dries  up  in  a  fortnight,  and  suc- 
cessive crusts  form  and  separate,  but  sometimes  a  deep  slough  forms,  leaving 
in  twenty  or  thirty  days  a  misshapen  cicatrix.  Constitutional  symptoms — 
headache,  vomiting,  &c. — begin  on  the  ninth  or  tenth  day,  and  from  the 
eleventh  to  the  thirteenth  day  the  specific  eruption  shows  itself,  following- 
the  course  of  normal  or  modified  small-pox. 

In  England. — In  England  the  practice  began  to  be  talked  of  about  the 
year  1714,  through  the  pubhcatioii  in  the  '  Philosophical  Transactions  '  of  a 
letter  to  Dr.  Woodward,  of  Gresham  College,  from  Dr.  Timoni,  who,  after 
studying  in  England,  practised  in  Constantinople.  Other  accounts  came- 
from  Pylarini,  the  Venetian  Consul  at  Smyrna,  and  from  Mr.  P.  Kennedy, 
an  English  surgeon  who  had  been  m  Turkey.  It  was  in  April  1721  that 
variolous  inoculation  was  first  (within  modern  knowledge)  performed  in 
England  by  Mr.  Maitland,  Surgeon  to  the  Ottoman  Embassy.  Lady  Mary 
Wortley  Montagu,  the  wife  of  the  Ambassador,  had  had  one  of  her  own 
children  operated  on  by  Mr.  Maitland  in  1717,  at  Constantinople,  and  on  re- 
turning to  England  she  got  a  second  child  inoculated,  and  did  much  in  advocacy 
of  the  procedure.  In  August  of  the  same  year  Mr.  Maitland  was  permitted  to 
inoculate  six  condemned  criminals  who  purchased  their  hves  by  submitting 
to  the  experiment.  The  operation  as  at  first  done  by  Maitland  himself 
imitated  in  most  respects  that  of  the  old  Greek  women,  and  was  consequently 
accompanied  by  comparatively  httle  danger  to  the  individual.  But  theory 
soon  stepped  in,  and  the  teachings  of  Eastern  experience  were  subordinated 
to  the  speculations  of  the  prevalent  pathology.  It  was  urged  that  the  small- 
pox eruption  meant  the  exodus  from  the  blood  of  foul  humours,  and  that  if 
variolation  were  to  give  protection  while  at  the  same  time  producing  only  a 
slight  eruption,  this  could  not  be  accomplished  except  by  making  a  deep  and 
severe  local  wound,  and  estabhshing  a  free  discharge  of  the  peccant  variolous 
matter  from  the  system. 

In  New  England  inociilation  had  come  into  use  also  in  the  year  1721. 2' 
Two  incisions  were  made,  larger  than  were  used  for  issues,  and  into  these 
were  inserted  bits  of  lint  that  had  been  dipped  in  variolous  matter  taken  in- 
differently from  discrete,  confluent,  or  inoculated  cases.  The  sores  were 
poulticed  with  warm  cabbage  leaves,  fever  was  treated  by  vomits,  bleeding, 
&c.,  and  to  encourage  the  eruption  blisters  were  applied.  Little  wonder  that 
when  the  eruption  came  the  pustules  were  often  several  hundreds  in  number, 
'  frequently  more  than  what  the  accounts  from  the  Levant  say  is  usual  there.' 
From  the  sores  so  treated  there  was  '  a  plentiful  discharge,'  and  as  to  their 
drying  up,  '  the  later  the  better,'  was  the  prevalent  opinion. 

Dr.  Nettleton,  of  Hahfax,  was  one  of  the  first  to  follow  up  inoculation  in 

'  History  mid  Pathology  of  Vaccination.     Lewis,  London,  1889. 
2  Henry  Newman,  Phil.  Trans.  XXXII.,  year  1724. 
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England.^  For  preparation  he  advised  purging  for  children,  and  vomiting 
and  bleeding  for  adults,  and  as  to  the  incisions  he  taught  that  '  when  they 
were  made  pretty  large,  the  quantity  of  matter  discharged  afterwards  at  those 
places  was  greater  :  and  the  more  plentiful  that  discharge  the  more  easy 
the  rest  of  the  symptoms  generally  are.'  During  the  fever,  the  wounds 
'  continued  to  be  very  sore  and  swell  very  much,  so  as  to  appear  very  large 
and  deep,  and  to  discharge  a  great  deal  of  matter,'  and  '  the  longer  they  did  so 
the  better.'     Jurin  expressed  similar  opinions.^ 

Partly  in  consequence  of  such  methods,  mishaps  of  various  sorts,  severe 
eruptions  and  fatalities,  began  to  be  heard  of.  It  was  also  discovered  that 
the  inoculated  disease  was  capable  of  spreading  small-pox  by  infection.  Such 
facts,  along  with  a  good  deal  of  clerical  and  medical  lampooning  and  rehgious 
prejudice,  soon  brought  the  practice  into  desuetude,  so  that  at  the  end  of  eight 
years  only  897  inoculations  were  recorded,  with  a  total  of  seventeen  deaths.^ 

About  the  year  1740  inoculation  began  to  revive,  and  in  the  manner  of 
operating  a  gradual  improvement  set  in,  so  that  the  mortality  was  reduced 
to  one  death  in  from  300  to  600  cases.  Even  so  late,  however,  as  1761,. 
we  find  Kirkpatrick  describing  a  method  of  operation  differing  nothing  in 
severity  from  that  pursued  by  Nettleton. 

The  Suttonian  Method. — But  under  Daniel  Sutton  the  acme  of  safety 
was  attained.  He  practised  at  Ingatestone,  in  Essex,  and  is  said  to  have 
operated,  in  1764-6,  on  nearly  14,000  persons,  in  addition  to  6,000  inoculated 
by  his  assistants.  By  the  year  1796  he  alleged  that  his  cases  had  reached 
100,000.  His  proceedings  were  enveloped  in  much  mystery,  and  accom- 
panied by  a  good  deal  of  quackery.  Secret  powders  and  potions  were  given, 
and  great  virtues  were  attributed  to  these,  and  to  his  own  special  skill  and 
discrimination.  But,  apart  from  irrelevancies,  there  seems  no  doubt  that  he 
carried  out  most  of  those  principles  of  procedure  which  in  our  own  day  have 
rendered  vaccination  practically  harmless.  He  used  clear  fresh  virus, 
applied  it  directly  from  case  to  case  by  means  of  a  lancet,  avoided  threads, 
cotton  pledgets  and  plasters,  and  left  the  little  wounds  to  heal  in  peace.  In 
addition  he  carried  out  the  '  cool  regimen,'  which  the  Brahmins  had  used  in 
their  inoculation  practice,  and  Sydenham  had  recommended  in  the  treatment 
of  natural  small-pox.  At  the  same  time,  Sutton  wisely  avoided  the  bleedings 
enjoined  by  that  author.  As  to  his  results,  Houlton,  a  clerical  mercenary, 
whom  he  employed  to  advertise  him,  stated  that  twenty  or  thirty  pustules 
formed  in  his  practice  '  a  full  burthen,'  but  Chandler,  another  Suttonian^ 
said  that  he  had  seen  hundreds  of  pustules.  The  mode  of  practice  was  re- 
ported on  by  Sir  George  Baker,  and  in  a  general  way  adopted  and  advocated 
by  many  operators,  chief  of  whom  was  Baron  Dimsdale.  Much  discussion 
took  place  among  Sutton's  contemporaries  as  to  the  cause  of  his  success. 
Schultz  thought  the  preparation  the  main  point.  Baker  attributed  absence 
of  severity  to  the  free  exposure  to  cold  air.  Glass  ■*  thought  that  by  the 
'critical  sweat'  induced  by  Sutton's  medicines,  'a  considerable  part  of  the 
variolous  matter  or  poison,  when  the  eruption  proves  slight,  is  discharged  and 
carried  off.'  Chandler  ^  thought  the  material  point  was  '  the  taking  the  in- 
fecting humour  in  a  crude  state,  before  it  has  been,  if  I  may  be  allowed  the 
expression,  ultimately  variolated  by  the  succeeding  fever ;  '  and  with  this  aim 
in  view,  in  his  own  practice,  he  took  matter  from  the  seat  of  inoculation — 

1  Phil.  Trans.  XXXII.  2  Jurin's  Account,  dc,  1724,  p.  15. 

*  Scheuchzer's  Account  of  the  Success  of  Inoculating  the  Small-pox,  1729. 

*  A  Second  Letter  from  Dr.  Glass  to  Dr.  Baker,  1767. 

*  An  Essay  towards  an  Investigation  of  the  present  Successful  and  most  General 
Method  of  Inoculation,  by  B.  Chandler,  Surgeon  at  Canterbury.    London,  1767. 
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■fche  '  mother  pustule '  as  it  is  now  conveniently  called^before  the  general 
eruption  appeared.  Dimsdale,^  thought  that  the  success  consisted  chiefly  in 
using '  recent  fluid  matter,'  though  he  '  gives  a  preference  to  the  matter  taken 
during  the  eruptive  fever.'  He  always  liked  to  see  a  good  areola, '  a  circular 
or  oval  efflorescence  .  .  .  surrounding  the  incision,  and  extending  sometimes 
nearly  half  round  the  arm,  but  more  frequently  to  about  the  size  of  a 
shilling,'  which  appearance  '  is  a  very  pleasing  one.'  In  his  later  years, 
Sutton  himself  confessed  that  he  had  attached  more  importance  to  choice  of 
matter  than  to  any  other  part  of  his  system.  Timoni  had  reported  that  the 
Greek  women  at  Constantinople  were  indifferent  whether  the  matter  for  in- 
oculation was  taken  from  the  mother  pustule  or  from  the  secondary  eruption. 
This  opinion  was  shared  in  by  Blake  ^  and  by  Schultz,^  and  was  evidently 
also  accepted  by  Woodville,  the  historian  of  inoculation,-*  who  declares  that 
Dr.  Frewen,  of  Eye,  was  the  first  '  to  discover  '  that  the  choice  of  variolous 
matter  *  was  of  little  importance.' 

There  was  just  one  danger  attached  to  efforts  after  safety — namely,  that 
the  operation  might  be  whittled  down  to  absolute  nothingness,  as  we  some- 
times see  indeed  with  regard  to  vaccination  in  the  present  day.     Gatti,'^  a 
famous  Italian  inoeulator  who  practised  in  Paris,  probably  sometimes  reached 
this  point  by  simply  pricking  the  loose  cuticle  between  the  thumb  and  the 
forefinger  with  a  fine  needle   moistened  with  a  very  minute  quantity  of 
lymph.     But  when  a  patient  of  his,  the  Duchess  de  Boufflers,  afterwards 
took  small-pox,  he  explained  that  he  had  looked  on  a  merely  local  result  of 
variolation,  not  as  conferring  protection,  but  as  indicating  insusceptibility. 
But  the  procedure  which  took  firmest  hold  of  the  profession  in  England 
was  that  described  and  followed  by  Dimsdale,  whose  work  on  the  subject 
already  quoted  went  through  at  least  seven  editions,  and  whose  practice,  as 
Woodville  tells  us  in  1796,''  held  the  field  up  to  that  year — the  year  which 
•witnessed   the  performance   of  Jenner's  first  cow-pox  inoculation.     It  is 
evident,  however,  that  all  through  the  century  there  never  was  complete 
unanimity  as  to  the  details  of  inoculation,  and  that  much  variety  prevailed, 
alike  in  the  manner  of  operating,  in  the  mildness  or  severity  of  the  induced 
disease,  and  in  the  protection  afforded  against  subsequent  attack  by  small-pox. 
As  to  the  immediate  effect  of  the  operation  on  the  individual,  mildness  of 
type  shown  by  absence  of  eruption  continued  to  be  looked  on  as  exceptional, 
though  academical  discussions  took  place  as  to  whether  non- eruptive  cases 
could  be  considered  as  protected  against  small-pox;  Black,   for  example, 
arguing  on  the  one  side  and  Kirkpatrick  on  the  other.     Maitland,  in  the 
second  edition  of  his  'Account  of  Inoculating  the  Small-pox,'^  mentions  a 
case  in  which  he  got  over  1,000  pustules.    In  1758,  Dr.  Daniel  Cox  records  as 
*  peculiar  '  a  case  in  which  there  was  no  eruption,  and  Baker  writes  as  if  more 
or  less  eruption  were  a  matter  of  course  in  Sutton's  hands.    Woodville,  also,  in 
the  course  of  his  discussion  of  supposed  vaccinal  eruptions,  makes  a  similar 
assumption  regarding  inoculation  ;  and,  in  1802,  George  Bell,  of  Edinburgh, 
said  that '  by  inoculation  pits  are  often  produced  over  the  whole  surface,  so  as  to 
disfigure  the  most  beautiful  features.'    Goldson,  a  critic  of  vaccination,  looked 
on  a  hundred  pustules  as  a  mild  result  of  variolation,  and  John  Eing,  an 

'  The  Present  Method  of  Inoculating  for  the  Small-pox,  by  Thomas  Dimsdale,  M.D. 
Third  edition,  London,  1767. 

^  A  Letter  to  a  Surgeon  on  hioculation,  by  John  Blake,  Surgeon  at  Bristol.  London,  1771. 
^  Op.  cit. 

*  History  of  Inoculation,  1796,  by  William  Woodville,  M.D. 

*  New  Observations  on  Inoculation,  by  Dr.  Gatti,  Professor  of  Medicine  in  the  Uni- 
versity of  Pisa.     Translated  by  M.  Maty,  M.D.    London,  1768. 

«  Op.  cit.  '  London,  1722. 
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advocate  on  the  other  side,  says  that  as  to  small-pox,  '  a  case  without 
eruptions  is  so  rare  an  occurrence  that  a  physician  from  the  country  lately 
mentioned  it  at  the  Lyceum  Medicum  Londinense  as  an  extraordinary  phe- 
nomenon, having  once  met  with  it  in  his  practice.'  ^  Brown,  of  Musselburgh, 
who  himself  urged  variolation  in  addition  to  or  instead  of  vaccination,  also 
looked  on  an  eruption  as  its  normal  result.^  In  the  Eeport  of  the  New- 
castle Dispensary  for  the  year  1800  a  table  is  appended  of  variolations 
performed  from  1786  to  1800,  when  the  mild  methods  were  in  vogue.  In 
3,181  cases  only  217,  or  6'8  per  cent.,  were  without  eruption.  Inoculation 
was,  indeed,  an  operation  whose  results  never  were  under  the  control  of  the 
operator,  so  that,  in  1802,  Bell  wrote  that  '  it  is  known  that  many  die  annually 
from  it.' 

Artificial  Attenuation  of  Variolous  Virus. — Attempts  have  repeatedly  been 
made  to  reduce  variola  to  vaccinia  without  the  intervention  of  the  cow. 
Trousseau  made,  along  with  Dr.  Delpech,  a  careful  series  of  experiments, 
with  human  small-pox,  the  object  being  to  reduce  the  eruption  till  it  con- 
sisted merely  of  the  mother  pustule.  In  some  children  he  got  the  result 
that  '  the  pustule  of  inoculation  was  alone  developed,  and  that  around  it 
there  were  little  pustules,  its  satellites.'  '  But  in  others,  in  which  the  very 
same  virus  had  been  employed,  there  were  general  eruptions,  and,  worse  still, 
communication  of  small-pox  to  non-inoculated  persons.'  '  In  one  case  .  .  . 
the  small-pox  resumed  all  its  original  violence,  after  having  passed  through 
a  succession  of  individuals  in  a  series  of  inoculations.'  Owing  to  such  oc- 
currences he  was  compelled  to  discontinue  his  experiments  and  to  '  renounce 
inoculation.'  Long  before  Trousseau's  day.  Dr.  Adams,^  Woodville's  suc- 
cessor at  the  Small-pox  Hospital,  had  experimented  with  a  mild  sort  of 
small-pox,  which  he  calls  pearl-pox.  It  appears  from  his  records  as  if  from 
the  very  beginning,  and  without  any  series  of  cultivations,  this  '  pearl-pox ' 
gave  locally  the  '  vaccine  appearance,'  and  in  the  course  of  several  removes 
he  had  some  cases  without  any  general  eruption.  Still  earlier,  in  1789, 
Jenner,  quietly  and  thoughtfully  working  around  his  favourite  subject,  in- 
oculated his  first-born  child  with  matter  from  the  so-called  '  swine-pox,' 
evidently  recognising  the  variolous  nature  of  the  disease  ;  and  subsequently 
he  repeatedly  applied  to  the  case  the  variolous  test,  which  later  on  played 
so  important  a  part  in  the  early  history  of  vaccination.  Guillou  ^  experi- 
mented in  another  direction :  he  inoculated  small-pox  in  children  or  youths 
(ecohers)  who  had  undergone  vaccination,  and  declares  that  the  results  were 
indistinguishable  from  those  of  vaccination.  In  a  subsequent  attempt,  how- 
ever, some  cases  had  eruptions. 

Insusceptibility  to  Inoculation. — -As  in  natural  small-pox  and  in  vaccina- 
tion, a  few  people  appeared  to  be  insusceptible  to  variolation.  In  the  first 
897  cases  reported  by  Jurin  and  Scheuchzer,  thirty-nine  could  not  be  infected, 
and  the  addition  to  these  of  the  cases  that  had  been  done  in  New  England 
gave  forty-five  failures  in  1,179  operations  (Kirkpatrick).  On  the  other 
hand,  some  people  were  found  to  be  excessively  susceptible,  and  Moore  ^ 
records  the  case  of  a  lady  who  was  successfully  inoculated  seven  times. 

Alleged  Evil  Besults  of  Inoculation. — Evil  results  were  attributed  to 
inoculation,  as  to  vaccination  in  later  times.  Schultz  writes  that  '  Dr.  Cant- 
well  believes  that  inoculation  is  the  occasion  of  the  spotted  fever,  rash,  con- 
sumption, and  nervous  complaints,  which  are  so  rife  in  England.'    Dimsdale 

'  Eing,  02:1.  cit.,  pp.  104-5. 

2  Inquiry  into  the  Anti-variolous  Power  of  Vaccination,  1809,  pp.  29-30. 

^  Trousseau's  Clinical  Medicine,  vol.  ii.,  pp.  91-2. 

''  Journal  G6n6ral  de  Medecine,  1827.  *  Beply  to  Anti-vaccinists. 
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says  that  it  was  occasionally  followed  by  secondary  eruptions,  ophthalmia, 
erysipelas,  axillary  abscesses,  ulcerations,  sloughs,  &c. ;  and  Blake  (1771) 
advocated  the  mild  method  of  operating,  to  avoid  '  deep  phagedenic  ulcers  at 
the  places  of  insertion,  which  sometimes  prove  very  tedious  and  difficult  of 
cure.'  From  such  materials,  and  in  spite  of  the  verbal  resemblance,  no 
anti-inoculator  seems  to  have  thought  of  suggesting  that  small-pox  was  an 
analogue  of  great-pox,  though,  as  a  matter  of  fact,  it  was  debated  whether 
variolation  was  not  capable  of  conveying  the  venereal  disease  (Blake). 

Protective  Power. — The  amount  of  protection  which  variolation  gave 
against  natural  small-pox  was,  on  the  whole,  very  considerable.  But  various 
cases  of  natural  small-pox  so  early  as  two  or  three  years  after  inoculation  are 
related  by  Kirkpatrick,  Eing,  Lettsom,  and  others.  In  1746,  a  Dr.  Pierce 
Dod  objected  to  inoculation  on  account  of  such  failures,^  and  in  particular  it 
is  recorded  by  Moore  that  Woodville '  often  said  that  patients  were  frequently 
brought  into  that  (the  Small-pox)  hospital,  covered  with  small-pox,  who 
declared  that  they  had  been  inoculated  in  their  infancy,  and  had  learnt  from 
their  mothers  they  had  had  the  disease.'  It  is  important  to  recollect  that 
variolation,  unUke  vaccination,  was  not  at  all  confined  to  the  first  few  months 
of  life.  The  operation  was  done  at  any  age  among  those  who  had  not  had 
small-pox.  Hence  there  was  no  opportunity  for  the  question  of  re-inocula- 
tion to  attain  such  prominence  as  re-vaccination  has  done  in  our  own  day. 
But  the  passage  just  quoted  suggests  that,  under  similar  circumstances,  a 
similar  necessity  for  the  repetition  of  the  operation  would  very  likely  have 
arisen.  Along  with  unquestionable  cases  of  typical  small-pox,  in  spite  of 
previous  variolation,  we  have  throughout  the  inoculation  period,  as  has 
already  been  indicated,  all  those  eruptions  which  were  variously  described 
as  stone-pox,  water-pox,  wind-pox,  swine-pox,  &c.  &c.  ;  and  it  need  not  be 
doubted  that  in  very  many  such  cases  the  system  was  still  partly  protected 
against  the  full  effect  of  the  small-pox  virus,  and  that  the  protecting  agency 
was  artificial  variolation. 

Local  Variolation, — It  may  be  noted  that  the  efficacy  of  the  operation 
at  the  time  of  its  performance  could  be  ascertained  in  a  way  which,  when 
vaccination  was  introduced,  formed  the  basis  of  Bryce's  well-known  test. 
Blake  states  that  where  the  signs  of  infection  were  dubious  several  days 
after  inoculation,  he  repeated  the  operation,  and  that  (unless  done  so  late 
as  within  thirty  or  forty  hours  before  the  eruptive  symptoms  due  to  the 
first  inoculation)  '  the  last  punctures  rise  as  well  as  the  first,  and  in  a  few 
days  are  full  as  forward  as,  and  proceed  through  the  succeeding  stages  of 
maturation  and  exarescence  with  the  first.'  This  shortened  cycle  of  inocula- 
tion was  looked  on  as  evidence  that  the  system  was  protected  against  the 
disease.  Even  in  persons  permanently  protected  by  either  inoculated  or 
natural  small-pox,  there  hardly  ever  seems  to  have  been  any  difficulty  in 
producing  a  purely  local  pustule  of  variola.  Maitland,  Kirkpatrick,  Schultz, 
Maty,  and  others  mention  such  occurrences.  Pustules  (due  to  contact)  on  the 
arms  and  faces  of  nurses  in  charge  of  children  suffering  from  small-pox  were 
common.  Willan,^  in  speaking  of  such  occurrences,  says  :  '  The  matter  con- 
tained in  the  pustule  thus  excited,  either  after  the  small-pox,  or  after  vaccine 
inoculation,  is  found  capable  of  communicating  the  small-pox  to  those  who 
have  not  before  been  affected  with  that  disease.'  Mr.  Samuel  Hill,  Surgeon, 
Portsea,  in '  Experiments  proving  Vacciolation  or  Cow-pox  Inoculation  to  be 
a  permanent  security  against  Small-pox,'  says,  regarding  a  local  result 
obtained  in  certain  cases  of  variolous  inoculation  after  the  system  had  been 

>  Med.  Phys.  Jour.,  July  1800. 

*  On  Vaccine  Inoculation,  p.  15.    London,  1806. 
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protected  by  vaccination,  '  I  have  no  doubt  but  that  I  could  with  lymph  from 
the  punctures  have  given  the  small-pox  to  any  one  susceptible  of  that  disease.' 
Mr.  Eichard  Dunning,  of  Dock,  Plymouth,^  speaks  of  '  irritability  in  the  skin, 
which  we  so  often  see  excited  by  the  local  application  of  variolous  matter  in 
persons  who  have  passed  the  small-pox.'  When  inoculation  was  first  intro- 
duced, similar  facts  were  mentioned.  Maitland  caused  one  of  the  Newgate 
prisoners,  whom  he  had  been  allowed  to  inoculate,  to  nurse  and  sleep  with  a 
small-pox  patient,  and  he  observes  :  *  I  once  saw  some  heats  and  little  pimples 
upon  her,  as  nurses  commonly  have  under  such  confinements.'     Similarly, 

*  Mrs.  Heath  also,  by  being  night  and  day  constantly  with  her  children, 
and  always  embracing  and  caressing  of  'em,  tho'  she  had  had  the  small-pox 
many  years  before,  struck  out  in  several  pimples  or  pustules  on  her  face  and 
hands,  but  without  anything  of  sickness  or  disorder,  which,  we  know,  has 
often  happened  to  nurses,  by  attending  people  in  this  distemper,  and  even  by 
washing  their  linen.'  In  1777,  John  Mudge,  surgeon,  Plymouth,^  wrote 
thus  :  '  Whenever  I  have  inoculated  a  patient  at  a  distance,  whom  for  that 
reason  I  could  not  conveniently  see  for  some  days  after,  in  order  to  know 
whether  the  matter  applied,  more  especially  if  not  quite  fresh,  was  sufficiently 
active,  I  have  usually  put  it  to  a  similar  scratch  on  my  own  hand,  which  if 
it  was  efficacious,  but  not  otherwise,  never  failed  to  inflame,  and  of  course 
informed  me  whether  or  no,  on  my  next  visit,  it  would  be  necessary  to  pro- 
vide myself  with  fresh  matter  for  my  patient.'  Perhaps  the  most  remarkable 
example  of  local  susceptibility  combined  with  constitutional  protection  is  the 
case,  evidently  well  known  in  Edinburgh,  of  a  surgeon  who  regularly  kept 
up  matter  for  small-pox  inoculation  by  means  of  a  local  pustule  renewed 
over  and  over  again  on  his  own  arm.^  In  the  present  day  a  somewhat 
parallel  condition  of  things  prevails  as  to  vaccmation.  People  who  are  quite 
insusceptible  to  small-pox  by  atmospheric  infection  yet,  in  very  many  cases, 
•develop  a  pustule  by  vaccination,  though  the  pustule  is  often  irregular  in 
appearance  and  course.  So  that  susceptibility  either  to  variolation  or  vac- 
cination is  by  no  means  equivalent  to  liability  to  small-pox  by  infection. 
Intentionally  to  perform  a  second  inoculation  years  after  the  first  seems 
hardly  ever  to  have  been  thought  of,  but  a  case  is  recorded  by  Dunning, 
•of  Plymouth,  in  which  a  Dr.  Stewart,  whose  daughter  had  been  inoculated 

*  when  young,'  with,  as  a  result,  an  eruption  of  two  hundred  pustules,  re- 
inoculated  her  six  years  later,  and,  to  his  surprise,  she  suffered  more  from 
the  second  than  from  the  first  operation,  had  a  more  severe  illness,  and  a 
<3onsiderable  eruption  all  over  her  body  (Moore's  '  Eeply,'  &c.).* 

Profit  and  Loss  by  Inoculation. — We  come  now  to  the  question  of  profit 
and  loss  by  inoculation.  It  is  asserted,  on  the  one  hand,  that  the  inoculated 
went  about  spreading  the  disease  broadcast ;  and,  on  the  other,  that  the 
number  of  persons  saved  from  natural  small-pox  by  inoculation  was  so  great 
as  to  more  than  counterbalance  the  cases  in  which  the  disease  was  propagated 
by  this  means.  It  is  quite  clear  that  the  amount  of  infectious  material  given 
to  the  atmosphere  from  the  average  eruption  resulting  from  one  of  Dims- 
dale's  operations  was  very  small  indeed  compared  with  the  quantity  given 
ofi'  by  a  person  suffering  from  a  confluent  attack  of  the  natural  disease.  It 
may  also  be  held  that  as  the  type  of  the  inoculated  disease  was  usually  very 
mUd,  the  type  which  it  set  up,  even  by  atmospheric  infection,  would  also 

'  Minutes  of  Experiments,  &c.,  p.  1 

^  A  Dissertation  on  the  Inoculated  Small-pox.    London,  1777. 

'  Report  of  the  Surgeons  of  tJie  Edinburgh  Vaccine  Institution,  1809 ;  also  Ring's 
Reply  to  Goldson,  p.  13. 

*  See  also  Woodville's  History,  p.  134,  and  Eing's  Treatise,  p.  121. 
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tend  to  be  mild,  and  that  the  deaths  resultmg  would  be  comparatively  few  ;■ 
and  that  this  fact  would  tend  to  lower  the  fatality  of  the  disease  in  the  past 
century,  as  compared  with  its  fatality  among  the  unvaccinated  in  the  present 
century.  Indeed,  this  thesis  might  be  carried  to  the  point  of  asserting  that, 
as  small-pox,  independently  of  inoculation,  was  a  disease  comparable  in 
prevalence  to  measles  and  scarlatina  in  the  present  day,  inoculation,  if  it. 
originated  outbreaks  of  a  favourable  type,  was  really  saving  life  by  supplanting 
more  formidable  epidemics.  But  it  is  very  difficult  to  tell  on  which  side  the 
balance  should  be  struck.  As  the  writer  has  shown  elsewhere,^  the  evidence 
is  conflicting  and  the  decision  doubtful.  In  places  where  very  few  were 
inoculated,  more  harm  than  good  may  have  been  done,  but  there  can  hardly 
be  a  doubt  that  where  inoculation  was  very  generally  performed,  it  was  of 
immense  benefit :  so  that,  as  compared  with  its  very  general  performance 
towards  the  end  of  last  century,  the  diminution  in  the  practice  of  inoculation 
which  took  place  early  in  this  century  may  have  had  a  tendency  rather  to 
spread  than  to  lessen  the  prevalence  of  small-pox.  In  Scotland  there  is 
abundant  evidence  that  inoculation  lessened  smaU-pox  in  many  places,  and 
indeed  increase  of  population  is  attributed  to  the  practice. - 

An  objection  which  militated  strongly  against  the  universal  adoption  of 
inoculation  was  the  danger  to  life  which  attended  it.  The  fatality  rate  varied 
in  the  hands  of  different  practitioners,  and  at  different  epochs,  but  even  under 
the  Suttonian  system  the  deaths,  though  not  approaching  to  1  in  100,  as  in 
the  earlier  years,  would  be  sufficient  to  create  constant  and  well-founded 
anxiety ;  and  in  addition  to  the  mortal  cases,  there  would  be  numerous 
severe  attacks,  giving  rise  to  much  anxiety  and  leaving  permanent  disfigura- 
tion or  other  serious  sequelae.  With  the  introduction  of  vaccination,  variolous 
inoculation  became  less  and  less  prevalent,  and  in  1840  it  was  made  illegal, 
owing  to  the  possibility  of  its  spreading  infection  among  the  unprotected. 

Peotection  by  Vaccination 

Jenner. — Somewhere  about  the  year  1768,  a  young  woman  called  for 
advice  at  the  surgery  of  a  country  doctor  in  a  Gloucestershire  village.  Ee- 
ferring  in  the  course  of  conversation  to  small-pox,  she  remarked,  '  I  cannot 
take  that  disease,  for  I  have  had  cow-pox.'  The  remark  was  heard  by  the 
doctor's  apprentice,  Edward  Jenner,  and  sank  deep  into  his  mind.  When 
he  himself  had  become  a  doctor,  it  formed  the  subject  of  much  private 
cogitation,  of  occasional  conversation  with  a  friend,  of  discussion  at '  Medico- 
co2ivivial '  meetings,  of  numerous  inquiries  among  dairy  folk,  and  ultimately 
of  experimental  investigation.  The  experiments  consisted  mainly :  (1)  in 
applying  the  test  of  small-pox  inoculation  to  persons  who  had,  at  some  time 
in  their  lives,  suffered  from  cow-pox  ;  (2)  in  vaccinating  (though  that  word 
had  not  then  been  coined)  directly  from  the  cow's  teats  ;  and  (3)  in  arm-to- 
arm  vaccinations.  The  results  were  published  in  1798  in  '  An  Inquiry  into 
the  Causes  and  Effects  of  the  Variolas  Vaccinae.'  In  April  1799  he  issued 
'Further  Observations  on  the  Variolte  Vaccina  or  Cow-pox,'  and  in  1800,  'A 
Continuation  of  Pacts  and  Observations  relative  to  the  Variola  Vaccina  or 
Cow-pox.'  He  subsequently  wrote  short  papers  published  in  the  '  Medical 
and  Physical  Journal,'  besides  carrying  on  an  enormous  correspondence  with 
medical  men  and  others  all  over  the  world. 

His  views  were  very  briefly  as  follows.  Many  human  diseases  may  have 
their  origin  in  those  of  domestic  animals.     The  teats  and  udders  of  cows 

•  Vaccination  Vindicated,  pp.  156-60. 

^  Sir  John  Sinclair,  op.  cit.,  vol.  ii.  p.  509-70,  and  vol.  v.  p.  199. 
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are  subject  to  a  variety  of  eruptive  maladies,  indiscriminately  called  cow- 
pox  by  the  dairy  people.  One  of  these  has  the  power,  when  inoculated 
accidentally  (casually)  or  intentionally  on  the  human  subject,  of  permanently 
preventing  an  attack  of  small-pox.  This  pustular  disease  is  true  cow-pox, 
the  others  are  spurious.  A  spurious  disease  may  also  be  produced  by 
inoculating  with  decomposed  cow-pox  matter,  or  matter  taken  from  an  ulcer 
following  cow-pox,  or  a  peculiar  morbid  matter  generated  by  a  horse.  True 
cow-pox  is  derived  from  an  eruptive  disease  of  the  horse,  called  horse 
grease,  and  possibly  human  small-pox  was  originally  derived  from  the  same 
source.  Cow-pox  (which,  with  the  insight  of  genius,  he  named  variola 
vaccincB),  either  on  the  bovine  or  the  human  animal,  is  not  spread  by 
atmospheric  infection.  It  is  not  followed  by  eruptions.  On  the  hands  of 
dairymaids,  accidentally  inoculated,  it  appears  as  circular  vesications,  bluish 
in  colour,  with  depressed  centre,  and  surrounded  by  an  inflamed  areola, 
the  appearance  being  that  of  a  pearl  on  a  rose  leaf.  The  axillary  glands 
become  affected,  and  there  are  febrile  symptoms.  The  sores  are  apt  to 
ulcerate  unless  attended  to.  The  most  material  indisposition  does  not  arise 
primarily  from  the  first  insertion  of  the  virus,  the  worst  symptoms  being 
due  to  inflammation  and  irritation  of  ulcers,  where  these  occur,  as  in  the  casual 
disease.  It  is,  therefore,  only  an  accidental  circumstance  which  can  render 
cow-pox  a  violent  disease.  The  matter  of  horse  grease  is  most  active  before 
it  becomes  purulent.  Similarly  in  small-pox  inoculation,  done  for  its  own 
sake,  pure  pus  will  probably  entirely  fail  to  convey  the  disease  ;  and  if  old 
or  putrefying  matter  be  used,  which  has  been  stored,  either  in  phials  or  on 
threads,  &c.,  and  carried  about  in  the  warm  pocket,  though  local  inflamma- 
tion and  even  eruption  may  be  set  up,  the  constitution  is  not  always 
protected  from  future  small-pox.  Similarly  again,  in  small-pox  inoculation 
done  as  a  test  for  the  efficacy  of  cow-pox,  fresh  limpid  virus  should  be  used, 
and  should  be  applied  directly  so  as  to  avoid  confusion  as  to  the  meaning  of 
the  result  obtained.  Once  more  similarly,  in  vaccination  only  fresh  clear 
lymph  should  be  used,  taken  before  the  formation  of  the  areola.  Children 
suffering  from  herpes,  &c.,  should  not  be  vaccinated. 

Following  almost  immediately  on  Jenner's  '  Inquiry,'  Dr.  George  Pearson 
published  'An  Inquiry  concerning  the  History  of  the  Cow-pox.'  He  had 
been  stimulated  to  the  investigation  by  Dr.  Jenner's  work,  and  its  result 
was  to  support  Jenner's  practice,  Pearson  having  found  quite  a  number  of 
doctors  in  the  dairy  districts  who,  in  their  inoculation  practice,  had  met 
with  case  after  case  in  which  cow-poxed  milkers  were  found  insusceptible  of 
small-pox.  From  Ireland,  Dr.  Barry,  of  Cork,  sent  him  similar  testimony. 
But  Pearson  dissented  from  Jenner's  opinion  that  cow-pox  had  always  its 
origin  in  horse  '  grease  '  or  horse-pox,  and  in  this  dissent  he  has  in  later 
days  been  followed  by  the  whole  medical  profession.  In  November  1798, 
however.  Tanner,  a  veterinary  student  whom  Jenner  knew,  inoculated  a 
cow  with  horse-pox  and  raised  lymph  '  which  proved  efficacious  in  infecting 
both  human  subjects  and  cattle ; '  ^  and  the  well-known  experiments  by  Loy, 
of  Whitby,  published  in  1801,  gave  evidence  that  the  horse  is  subject  to  a 
disease  capable  of  giving  rise  to  cow-pox  in  the  bovine  animal.  It  is  passing 
strange  that  at  this  day,  when  Jenner  is  being  attacked  in  his  vaccination 
practice  where  he  has  up  till  now  been  generally  deemed  invulnerable,  those 
parts  of  his  system  which  have  been  looked  on  as  the  weakest  should  be 
in  a  fair  way  to  be  proven  strong.  For  recent  writings  give  a  general  support 
to  the  views  of  Loy,  who  held  that  there  were  different  diseases  classed  under 
the  term  horse-grease,  and  that  one  of  these  was  true  horse-pox,  which,  when 
'  Baron's  Life  of  Jenner,  vol.  i.  p.  249. 
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inoculated  on  the  cow,  showed  itself  as  true  cow-pox.  And,  similarly,  modem 
inquirers  are  tending  more  and  more  to  the  ^iew  that  from  cats,  poultry, 
cows,  and  other  such  animals  we  may  receive  diphtheria,  tubercular  diseases, 
and  scarlatina. 

Dr.  Woodville. — Dr.  Pearson  and  Dr.  William  Woodville,  Physician  to  the 
SmaU-pox  Hospital,  were  the  first  to  follow  up  the  Jennerian  practice  on  a 
large  scale.  They  obtained  their  first  lymph  from  London  cows  in  January 
1799,  Woodville's  supply  being  from  an  outbreak  of  cow-pox  in  a  dairy  in 
Gray's  Inn  Lane,  and  Pearson's  partly  also  from  cows  belonging  to  a  Mr. 
Willan  in  Marylebone  Fields.^  Jenner  got  some  of  Woodville's  lymph,  and 
in  the  spring  of  the  same  year  a  supply  was  obtained  for  his  use  at  North 
Nibley,  in  Gloucestershire,  where  cow-pox  had  appeared  ;  and  afterwards,  in 
April,  he  got  lymph  from  a  dairy  in  Kentish  Town.  The  separate  history 
of  these  stocks  is  not  recorded.  A  fact  that  has  been  entirely  overlooked  in 
recent  discussions  is  that  withui  the  first  year  or  so  of  his  beginning  to 
vaccinate,  Woodville  often  went  back  to  the  cow  for  fresh  lymph,  and  he 
and  Jenner  and  Pearson  must  have  distributed  various  vaccine  stocks 
throughout  the  world  without  any  record  being  kept  of  their  exact  genealogy. 
Woodville  states,  for  example,  that  he  got  matter  from  Jenner  from  the 
Kentish  Town  stock,  and  used  it  in  the  hospital.  And  in  his  '  Observations 
on  the  Cow-pox,'  published  in  1800,  he  writes :  '  At  various  times  I  procured 
the  vaccine  virus,  as  produced  in  different  cows,  and  with  it  inoculated 
patients  in  the  hospital ;  but  the  effects  of  all  the  matter  I  tried  were  perfectly 
similar,  and  pustules  proved  to  be  not  less  frequently  the  consequence  of 
these  trials  than  of  those  made  with  the  matter  formerly  employed.'  This 
brings  us  to  a  curious  phase  in  the  history  of  vaccination.  Woodville  did  a 
gn^eat  many  of  his  inoculations  at  the  Small-pox  Hospital,  and  this  fact  gave 
rise  to  much  confusion.  In  a  number  of  his  cases  there  appeared  a  general 
pustular  eruption,  which  he  (in  his  '  Eeport  of  a  Series  of  Inoculations  for  the 
Variolse  Vaccinae  '  pubhshed  in  1799)  set  down  as  belonging  to  the  pheno- 
mena of  cow-pox,  and  it  is  evident  that  matter  was  occasionally  taken  from 
these  eruptions  and  sent  out  as  cow-pox.  Jenner,  however,  tersely  observed 
of  such  eruptions,  '  Where  variolous  pustules  have  occurred  I  beheve  variolous 
matter  to  have  occasioned  them.'  ^  Woodville  himself  ultimately  came  to 
adopt  the  view  that  vaccination  never  did  produce  such  eruptions,  and  he 
stated  this  to  a  Select  Committee  of  the  House  of  Commons  in  1802.  But 
in  the  interval  there  had  been  much  heartburning  over  the  question,  and 
in  some  cases  matter  which  had  been  sent  out  from  the  hospital  as  vaccinal 
was  followed  by  eruptions  apparently  variolous.  The  main  cause  within  the 
hospital  must  have  been  that  the  patients  had  been  infected  by  the  variolous 
atmosphere  of  the  place.  In  the  case  of  Ann  Bumpus,  for  example,  from 
whose  arm  Jenner  himseK  received  lymph,  variola  and  vaccinia  were  present 
simultaneously,  and  there  were  300  pustules.  But  a  careful  examination  of 
ihe  facts  shows  that  Jenner  got  his  lymph  from  the  arm  two  days  before  the 
general  eruption  appeared,  and  in  Gloucestershire  this  lymph  gave  results 
indistinguishable  from  those  of  other  vaccine  lymph  used  contemporaneously 
with  it.  And  freedom  from  eruptions  was  the  general  experiences  of  those 
who  tried  Woodville's  lymph,  both  at  home  and  abroad.  Woodville  himself 
said,  *  Eespecting  those  to  whom  I  have  communicated  the  infection  out 
of  the  hospital,  or  among  my  private  patients,  I  have  not  yet  met  with 
one  instance  in  which  variolous-like  pustules  took  place  ;  '  ^  and  this  was 
exactly  the  experience  of  Colon,  of  Paris,  in  using  Woodville's  lymph  there.* 

"  Report  of  Vaccine  Pock  Institution,  1803.  ^  Med.  Phys.  Journal,  Feb.  1800. 

*  Lettsom's  Observations  on  the  Cow-pock.  *  King,  op.  cit.,  pp.  62-3. 
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So,  too,  Pearson  distributed  lymph  to  about  200  practitioners,  and  he  records 
that  with  two  or  three  exceptions  no  general  eruption  took  place  ;  ^  nor  did 
De  Carro,  of  Vienna,  the  chief  vaccinator  there,  ever  see  eruptions  from  the 
lymph  with  which  he  had  been  supplied  by  the  English  operators. 

In  one  other  respect  did  Woodville's  first  results  differ  from  Jenner's. 
The  local  symptoms  were  milder.  There  was  no  tendency  on  the  part  of 
the  vesicle  to  end  in  an  ulcer,  the  inflammation  was  less  extensive,  and 
there  was  less  implication  of  the  axillary  glands.  In  other  words,  Wood- 
ville's lymph  was  very  free  from  the  effects  on  it  of  the  rough  manipulations 
of  the  milkers,  and  the  admixture  with  the  filth  of  the  cow-houses.  The 
pus  and  inflammatory  products  which  are  apt  to  be  inserted  along  with  direct 
cow-pox  virus  are  extraneous  substances,  with  which,  unlike  Jenner,  Wood- 
ville  does  not  appear  to  have  been  troubled ;  and  very  Hkely  this  was  due  to  a 
circumstance  to  which  Dr.  Creighton  (though  from  a  very  different  standpoint) 
has  called  attention  :  that  he  got  his  first  stock  of  lymph  at  an  early  stage, 
both  of  the  disease  in  the  cow-house  and  the  vesicle  on  the  milkmaid's  hand. 

The  Variolous  Test. — In  the  early  years  of  vaccination,  the  variolous  test 
"was  very  extensively  employed,  and  the  literature  of  the  time  (especially  the 
*  Medical  and  Physical  Journal ' )  abounds  with  evidence  of  the  efficacy  of 
vaccination  in  preventing  subsequent  variolation.  Willan,  writing  in  1806,^ 
mentions  that  from  personal  inquiries  among  eighty-six  medical  men  whom 
he  had  met  in  the  course  of  the  previous  three  months,  he  had  been  made 
aware  of  over  18,000  vaccinations  done  by  them,  all  the  cases  having  re- 
mained free  from  smaU-pox,  '  though  most  of  them  were  afterwards  either 
inoculated  with  variolous  matter,  or  exposed  at  different  periods  to  contagion.' 
These  did  not  include  Woodville's  cases.  At  the  same  time,  it  was  no  un- 
common thing  for  parents,  hesitating  between  the  old  practice  and  the  new, 
to  have  some  of  their  children  vaccinated  and  some  variolated  ;  and  Willan  ^ 
states  that  Mr.  Wachsel,  of  the  Small-pox  Hospital,  had  noted  this  '  in  more 
than  an  hundred  famihes,  without  observing  one  instance  of  variolous  fever 
and  eruption  among  the  vaccinated  children.'  It  is  to  be  kept  in  mind 
that  the  practitioners  of  the  period  were  intimately  acquainted  with  aU 
the  phenomena  of  small-pox  inoculation,  and  that  their  usual  preference 
for  the  Suttonian  practice,  with  its  mild  results,  would  lead  them  to  observe 
the  shghtest  evidence  of  successful  variolation  following  vaccination;  and 
yet  their  testimony,  not  only  in  England,  but  wherever  aU  over  the  world 
vaccination  found  its  way,  was  practically  unanimous  that  the  vaccinated 
exhibited  no  susceptibility  to  the  small-pox  poison.  This  was  the  ver- 
dict of  persons  acquainted  with  the  results  of  testing  variolation  by  a 
secondary  and  supplementary  insertion  of  variolous  matter,  who,  when 
they  came  to  test  their  vaccinations  in  similar  fashion,  obtained  a  precisely 
similar  local  result.  In  many  cases  indeed  there  was  no  result.  In  others, 
there  was  a  very  early  inflammation,  following  almost  directly  on  the 
insertion  of  the  virus,  and  lasting  only  two  or  three  days,  which,  when 
variolous  inoculation  was  done  for  its  own  sake  and  not  as  a  test  of  vaccinal 
success,  had  always  been  considered  an  evidence  of  failure,  the  true  symptoms 
of  infection  being  of  later  occurrence.^  Pearson  in  this  country,  and  Ball- 
horn  and  Stromeyer  on  the  Continent,  published  plates  showing  side  by  side 
the  appearances  at  successive  stages  of  inoculated  variola  and  inoculated 
vaccinia,  and  demonstrating  that  though  there  was  a  notable  generic 
resemblance,  yet  the  specific  characters  were  so  distinct  that,  independently 
of  the  variolous  eruptions,  there  was  really  no  possibiUty  of  confusion  between 

1  Med.  Phys.  Jour.,  Oct.  1799.  ^  q^  Vaccine  Inoculation,  p.  13. 

^  On  Vaccine  Inoculation,  p.  14.  *  Samuel  Hill,  op.  cit. 
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them.  Needless  to  say,  if  all  Woodville's  lymph  had  been  variolous,  and  if  it 
had  been  the  only  stock  in  use,  no  such  plates  could  have  come  into  existence. 
And  Jenner,  Aiken,  Bell,  and  others  pubHshed  plates  showing  vaccinia 
exactly  as  we  know  it  in  the  present  day. 

In  spite  of  much  and  angry  opposition,  vaccination  made  its  way  rapidly 
in  professional  favour,  and,  in  view  of  the  facts,  it  could  not  well  be  other- 
wise. Every  medical  man  who  practised  it  and  tested  it  for  himself, 
as  did  the  eighty-six  whom  Willan  writes  of,  was  bound  to  become  its 
advocate.  As  a  disease  it  was  mildness  itself,  and  the  proof  abounded  that 
it  gave  protection  against  what  was  in  their  generation  the  greatest  scourge 
of  the  human  race,  and  that  it  did  so,  moreover,  without  the  risk  to  others 
that  had  been  inseparable  from  small-pox  inoculation.  At  the  same  time,  the 
actual  demonstration  of  its  powers,  afforded  by  every  test,  would  fall  in  with 
what  they  had  read  in  '  Pearson's  Inquiry,'  regarding  the  strong  faith  in  its 
virtues  existing  among  both  medical  men  and  laymen  in  the  dairy  districts. 

'  Spurious  '  Small-pox  and  Cow-pox. — Much  fault  has  been  found  with 
Jenner  for  speaking  of  '  spurious  small-pox '  and  '  spurious  cow-pox.'  But^ 
as  a  matter  of  fact,  spurious  small-pox  had  been  discussed  long  before 
vaccination  was  heard  of — by  Bond,  of  Philadelphia,  in  1784 ;  by  Niedt,  of 
Halle,  in  a  monograph  on  the  subject,  in  1792  ;  by  Hufeland,  in  1793 ;  and 
by  others  (Thomson).  Bond  had  given  the  name  '  spurious  '  to  the  non- 
protective  outcome  of  the  inoculation  of  putrid  small-pox  matter,  and  Jenner 
gives  exactly  parallel  causes  of  failure  in  the  case  of  cow-pox.  Ceely,  forty 
years  after  Jenner's  writing,  mentioned  the  yellow-pock,  the  bluish-  or 
black-,  and  the  white-pock,  as  part  of  a  list  of  '  eruptive  diseases  and  spurious 
pocks,'  to  which  milch  cows  in  the  Vale  of  Aylesbury  were  subject.  And 
quite  lately  we  have  had  some  of  these  '  spurious '  eruptions  on  the  cow's 
teats  investigated  by  Klein,  Power,  McFadyen,  Crookshank,  and  others.  It 
is  more  than  likely  that  Jenner  sometimes  attributed  to  '  spurious '  cow- 
pox,  failures  to  protect  against  small-pox,  which  we  now  have  learned  to  be 
incidental  to  vaccination.  This  would  especially  be  the  case  in  his  later 
years  (he  died  in  1823),  when  the  protection  afforded  by  vaccination,  originally 
efificient,  had  in  some  instances  worn  out,  and  before  the  need  for  re-vacciaation 
had  been  recognised.  But  if  we  look  to  Jenner's  early  appreciation  of  the 
importance  of  using  lymph  before  the  areola  appeared  (his  golden  rule),  to 
his  refusal  to  vaccinate  children  suffering  from  skin  eruptions,  and  to  his 
interpretation  of  the  eruptions  that  occurred  in  Woodville's  practice,  we  must 
conclude  that  though  he  did  not  know  all  that  is  now  known  regarding  vac- 
cination, he  was  far  quicker  and  displayed  far  more  wisdom  in  arriving  at 
correct  conclusions  on  the  essential  parts  of  the  practice  than  his  London 
CO  temporaries  with  their  immensely  greater  fields  of  observation. 

Small-pox  after  Vaccination. — It  is  to  be  remembered  that  for  a  decade 
or  two  after  the  introduction  of  the  practice  aU  vaccinations  would  be  com- 
paratively recent :  time  had  not  modified  to  any  appreciable  extent  the  pro- 
tection afforded  to  those  who  had  undergone  the  operation ;  and  hence  the 
publication  by  Goldson  and  others  of  a  few  instances  in  which  vaccinated 
persons  had  taken  small-pox  (the  vaccination  then  consisting  only  of  a  single 
vesicle  less  than  one  third  of  an  inch  in  diameter)  was  so  contrary  to  general 
experience  that  little  heed  was  paid  to  them,  though  they  contained  the  first 
hint  of  what  we  now  know  to  be  a  truth,  that  the  protection  afforded  by 
vaccination  tends  to  wear  out  with  lapse  of  time.  Such  occurrences  were  set 
down  to  imperfect  or  spurious  vaccination,  or  the  variolous  nature  of  the  disease 
was  questioned,  or  when  the  fact  of  small-pox  was  admitted,  it  was  pointed  out 
that  parallel  facts  could  be  cited,  of  variolous  inocilation  and  even  of  natural 
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small-pox  itself  failing  to  protect  against  a  second  attack.  All  these  replies 
were  quite  to  the  point,  but  we  would  now  say  that  they  did  not  cover  the 
whole  ground,  as  it  is  proved  that  the  protection  by  vaccination  is  less  com- 
plete and  less  enduring  than  was  believed  in  the  early  days.  It  is  probable 
that  this  loss  of  protection  through  advancing  years  is  in  part,  at  least,  the 
explanation  of  such  small-pox  statistics  as  those  of  Copenhagen.  In  the 
years  1787-1807  the  annual  deaths  averaged  284  from  the  disease.  In  1801 
vaccination  was  introduced,  and  a  Eoyal  Commission  on  Vaccination  ap- 
pointed and  maintained  till  1825,  when  the  Board  of  Health  took  its  place. 
The  deaths  from  1802  to  1810  fell  to  13  per  annum  on  the  average.  Then 
followed  thirteen  years  (1811-23  inclusive)  without  a  single  death.  But  in  1824 
— and  this  is  the  point  of  interest  in  the  present  connection — the  fatalities  re- 
commenced, and  continued,  irregularly,  till  1850,  with  which  year  the  table 
concludes.  For  the  years  of  this  period  1823-50,  the  deaths  were  as  follows  : 
41,  12,  29,  4,  1,  29,  3,  0,  3,  19,  26,  434,  81,  1,  2,  0,  2,  0,  35,  111,  83,  7,  0,  0, 
2,  7,  0. 

The  mitigation  of  small-pox  by  vaccination  was  observed  almost  as  soon 
as  the  first  cases  of  post-vaccinal  small-pox  occurred.  In  the  year  1807  the 
Eoyal  College  of  Physicians  gave  formal  expression  to  the  doctrine.  The 
CoUege  reported  that '  where  small-pox  has  succeeded  vaccination,  it  has  been 
neither  the  same  in  violence  nor  in  the  duration  of  its  symptoms,  but  has, 
with  very  few  exceptions,  been  remarkably  mild,  as  if  the  small-pox  had 
been  deprived  by  the  previous  vaccine  disease  of  all  its  usual  malignity.' 
As  we  will  see  further  on  (p.  445  et  seq.),  the  truth  of  this  statement  has  been 
amply  confirmed  by  subsequent  observations. 

Ceely,  Estlin,  Badcoch,  and  Bousquet. — About  fifteen  years  after  Jenner's 
death,  a  new  spirit  of  inquiry  seems  to  have  sprung  up  regarding  cow-pox 
as  a  source  of  vaccine  lymph.  It  was  believed  by  some  observers  that  the 
vesicles  produced  at  this  period  were  not  at  all  comparable  with  those  of 
earlier  times,  and  that  the  protection  afforded  was  not  so  great.  How  far 
there  was  a  real  degeneration  due  to  neglect  of  the  rules  of  vaccination 
as  laid  down  by  Jenner,  and  how  far  there  was  merely  an  opinion  founded 
on  the  occurrence  of  post-vaccinal  small-pox  resulting  from  the  want  of 
revaccination,  it  is  impossible  now  to  say.  Mr.  Estlin,  of  Bristol,  in 
1837-38,  Mr.  Ceely,  of  Aylesbury,  in  1838-40,  and  Mr.  Badcock,  a  chemist  in 
Brighton,  in  1840-41,  and  on  the  Continent,  M.  Bousquet  in  1836,  were  the 
principal  investigators.  Estlin  experimented  with  lymph  obtained  from  an 
outbreak  of  cow-pox  in  Gloucestershire,  and  Bousquet  originated  what  has 
since  been  known  as  the  Passy  stock. 

Their  early  results  were  what  might  have  been  expected.  Estlin's  stock 
began  with  matter  taken  on  the  eleventh  day  from  the  arm  of  a  child 
that  had  been  domestically  inoculated  from  a  milker's  hand ;  while  Bous- 
quet,^ who  held  the  opinion  that  'lymph  which  begins  to  get  turbid,'  taken 
from  pustules  surrounded  by  a  '  large  and  vivid '  areola,  with  '  the  sub- 
jacent tissue  much  infiltrated,'  is  yet  *  none  the  less  suitable  for  inocula- 
tion,' began  by  using  '  thick  white  purulent  matter  ...  as  if  it  were  an 
abscess  discharging ; '  and,  lax  as  were  his  views  regarding  selection  of 
lymph,  even  he  was  impressed  with  the  fact  that  *  in  a  few  hours  all  chance 
would  have  been  lost '  of  getting  any  inoculable  fluid  at  all.  With  such 
materials  and  with  such  views,  the  wonder  is,  not  that,  in  the  early  removes 
there  were  occasionally  troublesome  inflammations  and  other  such  sequelae, 
but  that  complications  were  so  few.  The  worst  results  that  Estlin  could 
discover  from  his  lymph  occurred  in  a  series  of  cases  in  Somersetshire, 
'  Crookshank,  History  and  Pathology  of  Vaccination,  vol.  ii. 
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where  among  sixty  children  (of  whom  one  died,  though  the  connection  with 
the  operation  was  doubtful),  four  had  *  erythematous  eruptions  of  a  violent 
character,'  two  had  '  highly  inflamed  ulcerated  arms,'  one  had  '  severe 
erysipelas,'  one  failed,  and  fifty-two  showed  normal  results.  Bousquet  found 
that  where  he  vaccinated  in  three  places  there  was  very  considerable  inflam- 
mation, sometimes  along  the  whole  arm,  and  one  particularly  bad  case  led  him 
for  the  first  time  to  understand  'les  frayeurs  de  Jenner.'  Jenner's  fears,  of 
course,  existed  only  when  his  early  trials  were  being  made,  before  he  had 
discovered  his  golden  rule,  and  when  he  used  lymph  contaminated  by  the 
filth  of  uncleanly  cow-houses  and  of  milkers'  dirty  hands  ;  and  it  was  in 
circumstances  essentially  parallel  that  Bousquet  was  enabled  to  realise  these 
anxieties.  Though  in  the  case  of  some  contagia  the  inoculation  of  a  strong 
virus  may  cause  a  local  slough  which  is  not  produced  by  the  same  virus 
when  attenuated,  there  is  no  evidence  that  the  local  mildness  of  vaccination, 
as  compared  with  casual  cow-pox,  is  due  to  such  a  cause.  Facts  go  to  show 
that  the  mildness  here  has  its  origin  not  in  attenuation,  but  in  removal  of 
contamination.  In  the  present  day,  if  one  chose  to  take,  on  the  eleventh  or 
the  twelfth  day,  pus  of  inflamed  sores  with  hardened  base  and  erysipelatous 
areola,  from  the  arms  of  dirty  children,  living  in  close,  ill-ventilated,  and 
overcrowded  houses,  the  natural  breeding-ground  of  septic  disease  ;  if  all 
this  were  done,  and  the  lymph  carefully  cultivated  from  bad  to  worse,  it 
would,  in  the  course  of  a  few  backward  removes,  be  quite  easy  to  set  up  a 
stock  which  would  realise  Jenner's  early  difficulties.  But  in  doing  all  this 
we  should  not  be  going  back  to  pure  cow-pox.  On  the  contrary,  we  should 
be  abandoning  it,  and  going  back  to  a  mixed  infection,  its  material  com- 
posed of  any  or  every  variety  of  extraneous  contamination,  along  with  some 
uncertain  proportion  of  true  vaccine  lymph. 

Ceely,  whose  writings  are  acknowledged  alike  by  friends  and  foes  of 
vaccination  to  be  by  far  the  most  valuable  of  those  published  by  the 
group  of  observers  under  discussion,  was  quite  clear  on  this  subject  of  the 
essentials  and  the  accidentals  of  pure  lymph.  Of  course  both  Estlin  and 
Bousquet  may  have  been  more  or  less  aware  of  how  the  matter  stood,  and 
they  do  not  indeed  complain  of  their  results — it  is  their  latter-day  readers 
who  do  so — but  they  do  not  insist  on  the  distinction  as  Ceely  does.  He 
speaks  both  of  *  the  general  mildness  of  the  disease,'  and  of  the  fact  *  that 
its  topical  severity  depends  almost  wholly  on  the  rude  traction  of  the 
milkers  ; '  while  on  the  cows  themselves  he  points  out  that '  there  is  rarely  any 
manifestation  of  fever  or  constitutional  disturbance.'  On  the  milkers'  hands 
the  same  class  of  influence  is  at  work.  '  Although  there  can  be  no  doubt 
of  the  greater  severity  of  the  local  and  constitutional  symptoms  attending 
the  casual  cow-pox  on  the  hands,  &c.,  it  is  equally  clear  that  these  symptoms 
are  greatly  aggravated  by  rupture  of  the  vesicles  on  parts  so  vascular, 
tense,  and  sensitive,  and  subject  to  motion.'  In  addition,  probably  by  Ceely's 
time,  a  great  number  of  the  casual  cow-poxes  of  milkers  were  of  the  nature 
of  re-vaccinations,  which  are  now  objected  to  as  a  source  of  vaccine  lymph, 
owing  to  greater  Hability  to  severity  of  symptoms. 

As  to  the  constitutional  symptoms  which  often  accompanied  the  early 
vaccinations,  Jenner  himself  italicises  his  opinion :  *  That  the  most  material 
indisposition,  or  at  least  that  which  is  felt  most  sensibly,  does  not  arise  pri- 
marily from  the  first  action  of  the  vines  on  the  constitution,  but  that  it  often 
comes  on  if  the  pustules  he  left  to  chance  as  a  secondary  disease  ;  '  and  in 
another  place  he  says  :  '  I  am  more  and  more  convinced  of  the  extreme  mild- 
ness of  the  symptoms  arising  merely  from  the  primary  action  of  the  virus  on 
the  constitution.'  Natural  cow-pox,  therefore,  though  characterised  by  greater 
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activity  and  severity  on  a  cow's  paps  than  on  a  child's  arm,  is  by  no  means 
the  wild  and  virulent  malady,  analogous  to  syphilis  in  man,  which  has 
recently  been  depicted  to  the  profession  and  the  public. 

The  Belationship  of  Small-pox  to  Coio-pox. —  Variolation  of  Cows. — But 
Ceely  did  more  than  examine  and  describe  natural  cow-pox.  The  question 
of  the  relationship  of  cow-pox  to  small-pox  occupied  his  attention,  and  to 
answer  it  he  made  a  series  of  experimental  inoculations  on  the  cow  with  the 
virus  of  human  small-pox.  Many  of  his  attempts  failed,  but  some  succeeded, 
and  from  these  he  raised  a  stock  of  lymph  which  was  used  for  vaccination. 
In  the  same  way  Mr.  Badcock,  of  Brighton,  at  various  times  inoculated  with 
small-pox  ninety  cows,  and  from  the  successful  operations  took  lymph  which 
he  used  himself  and  distributed  very  widely,  many  thousands  being  vacci- 
nated with  it,  with  excellent  results.  These  facts  were  accepted  by  the  pro- 
fession as  setting  at  rest  a  question  which  had  been  a  puzzle  since  vaccination 
was  introduced — the  question,  namely,  of  the  rationale  of  the  prophylactic 
power  of  cow-pox.  Jenner's  contemporary,  Pearson,  though  an  eager  advocate 
of  vaccination,  had  held  the  two  poisons  of  cow-pox  and  small-pox  '  as  of  dis- 
tinctly different  species.'  ^  Huggan,  another  believer  in  vaccination,  said 
that  the  assertion,  '  that  the  cow-pox  is  only  the  small-pox  having  under- 
gone a  certain  modification  by  passing  through  the  quadruped,'  was  '  without 
the  least  shadow  of  proof.'  ^  Jenner's  friend,  John  Eing,  insisted  that  *  it 
is  certain  that  the  cow  can  neither  receive  nor  communicate  the  small- 
pox ;  '  and  Pearson  ^  says  that  Odier,  of  Geneva,  invented  the  name  '  la 
vaccine  or  vaccina,  rejecting  as  absurd  the  name  of  the  English  variolce 
vaccines  ;  '  and  not  many  years  before  the  investigations  of  Ceely  and 
Badcock,  the  '  Medical  Eepository '  contains  a  reference  to  '  what  physicians 
have  long  laboured  to  discover — a  satisfactory  and  simple  explanation  of 
the  protective  power  of  cow-pox  against  small-pox.'  Naturally  the  proof, 
as  it  was  believed,  that  cow-pox  was  after  all  cow  small-pox  was  held  to  be 
complete,  and  so  it  continued  to  be  held  until  quite  recently.  But  the 
whole  subject  has  again  been  through  the  melting-pot. 

Crookshank  (vol.  i.  p.  303  et  seq.)  mentions  several  successful  attempts 
at  variolation  of  cows,  but  with  the  untoward  result  of  setting  up  variola, 
not  vaccinia,  in  individuals  subsequently  inoculated  from  the  cows.  He 
states  that  this  occurred  in  Massachusetts  in  1836,  at  Munich  in  1839,  at 
Berlin  in  1847  ;  and  he  also  refers  to  Chauveau's  well-known  experiments  in 
1863-5  and  again  in  1871.  It  seems  clear  enough  indeed  that  in  these 
cases  the  virus  of  small-pox  underwent  no  essential  change  after  its  in- 
sertion on  the  cow.  There  are,  on  the  other  hand,  various  cases  on  record 
in  which  the  disease  induced  on  the  human  subject  by  transference  of  matter 
from  the  insertions  on  the  cows  took  on  the  true  character  of  vaccinia,  as 
observed  by  Ceely  and  Badcock. 

The  most  recent  of  these  is  related  by  Dr.  Cory  in  the  Second  Eeport 
of  the  Eoyal  Commission  on  Vaccination.  Dr.  Simpson,  Medical  Officer 
of  Health  for  Aberdeen  (now  of  Calcutta),  inoculated  a  cow's  teat  with  small- 
pox lymph  taken  from  an  unvaccinated  patient  on  the  fifth  day  of  the 
eruption.  A  vesicle  resulted,  and  was  opened  150  hours  after  the  in- 
oculation. '  It  was  very  like  a  cow-pox  vesicle.'  The  lymph  was  taken  on 
points,  and  on  November  21,  1885,  Dr.  Cory  and  Mr.  Shirley  Murphy 
inoculated  a  calf  in  five  places  with  this  lymph.  In  five  days  three  of  the 
places  had  some  appearance  of  vesiculation.  From  these  one  child  and  one 
calf  were  vaccinated.  In  five  days  more,  six  of  the  seventeen  insertions 
made  in  this  calf  developed  vesicles.  From  these,  three  children  and  one 
'  Med.  Phys.  Jour.,  vol.  iii.  p.  100.  ^  jj,j^._  p.  244, 
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calf  were  vaccinated.  In  the  child  vaccinated  from  the  first  calf  there 
resulted  '  five  perfectly  normal  and  well-formed  pearly  vesicles,'  and  in  each 
of  the  other  three  children  there  were  '  five  vesicles,  normal  in  appearance 
and  average  amount  of  areola.'  In  aU,  89  calves  and  1,247  children  were 
inoculated  by  Dr.  Cory  and  Mr.  Murphy  with  Dr.  Simpson's  lymph,  and 
98"3  per  cent,  of  the  cases  were  registered  as  successful.  AU  the  vaccinations 
were  from  calf  to  arm.  Dr.  Cory  states  that  the  lymph  '  never  produced 
anything  but  vaccine,'  and  there  was  '  no  instance  of  contagion  having  taken 
place  from  one  child  to  another  at  that  time,  after  the  manner  in  which 
small-pox  is  propagated  ; '  indeed,  he  '  never  saw  any  suspicion  of  other 
pustules,'  though  '  the  first  cases  especially  were  very  carefully  observed.' 
It  is  not  easy  to  discover  any  fallacy  in  this  narrative,  nor  any  evidence  of 
the  possibility  of  the  resulting  disease  having  been  small-pox,  and  the  cases 
of  Ceely  and  Badcock  seem  equally  conclusive. 

Dr.  Hime  ('Brit.  Med.  Jour.'  vol.  ii.  1892)  gives  an  account  of  a  vario- 
lation of  the  cow,  the  result  obtained  being  vaccinia ;  and  Surgeon- General 
Cornish  foUows  this  with  a  reference  to  a  successful  experiment  of  the  same 
nature  carried  out  in  India  by  Surgeon-Major  W.  G.  King  in  April  1891. 

But  in  connection  with  the  writings  of  Ceely  and  Badcock,  a  reply  has 
been  made  which  demands  attention.  It  is,  that  the  practice  with  these 
stocks  of  lymph  has  its  parallel,  not  in  natural  small-pox,  nor  in  smaU-pox 
inoculation  as  carried  on  by  Maitland  and  the  other  early  operators,  but  in 
the  Suttonian  or  mild  method  of  inoculation,  in  which  the  results  were  very 
mild  and  (it  is  alleged)  probably  also  non -infectious.  In  this  view,  small- 
pox virus  may,  by  cultivation  from  arm  to  arm,  be  reduced  to  a  disease 
consisting  of  a  single  pustule,  without  contagious  properties.  But  Crook- 
shank,  who  teUs  us  this,  also  insists  that  its  protective  properties  must  at  the 
same  time  disappear,  so  that  the  fluid  used  by  Badcock  and  his  clients  was 
powerless  alike  for  good  and  evil.  In  this  connection  we  have  already  seen 
that  in  protected  subjects  a  strictly  local  cultivation  of  small-pox  by  in- 
oculation, without  any  accompanying  general  infection  of  the  system,  is 
quite  possible  ;  and  that  therefore  the  view  may  be  legitimately  held  that, 
though  a  cow  be  incapable  of  constitutional  infection,  yet  when  inoculated 
with  small-pox  a  local  pustule  may  follow,  the  matter  from  which  will  have 
the  power  of  giving  small-pox  and  not  cow-pox. 

Conceivably,  therefore,  an  experimenter  who  inoculates  a  cow  with  small- 
pox (the  cow  being  protected  by  previous  cow-pox,  or  being  otherwise  consti- 
tutionally insusceptible),  and  gets  any  local  result  at  all,  may  get  therefrom 
smaU-pox  and  not  cow-pox.  But  the  question  is,  Did  Badcock  and  Ceely  and 
Simpson  get  through  the  cow  variola  instead  of  vaccinia  ?  The  evidence  is 
that  they  did  not.  In  the  first  place,  the  local  result  of  vaccination,  as 
performed  on  the  human  subject,  though  it  has  a  generic  resemblance  to 
that  of  small-pox  inoculation  especially  about  the  eighth  day,  is  easily  dis- 
tinguished from  it,  as  has  already  been  shown.  Now  Badcock  and  Ceely  lived 
at  a  time  when  medical  men  had  sufficient  knowledge  of  small-pox  inocula- 
tion and  its  local  phenomena.  So,  too,  they  were  well  acquainted  with  the 
eruption  both  of  natural  and  inoculated  small-pox.  But  neither  Badcock 
nor  Ceely,  nor  any  one  of  the  observers  of  their  results,  nor  of  the  many  prac- 
titioners who  used  Badcock's  lymph,  makes  mention  of  any  doubt  whatever 
as  to  the  nature  of  the  disease.  It  was  vaccinia,  not  variola.  It  has  been 
recently  alleged  that  Ceely's  assistant,  who  was  accidentally  inoculated  during 
their  experiments,  took  small-pox,  and,  in  so  far  as  the  symptoms  are  re- 
corded, they  might  stand  either  for  much  modified  small-pox  or  for  very 
active  cow-pox.    Ceely,  however,  describes  the  eruption  as  '  modified  vaccine 
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in  a  sanguine  habit,  with  roseolar  or  vesicular  or  vaccine  lichen.'  He  says 
further  that '  in  no  adult,  except  in  the  case  of  my  assistant,  Mr.  Taylor,  was 
"there  any  attendant  eruption ;  nor  in  any  child  the  slightest  approach  to 
«,ny thing  of  a  varioloid  character.  Koseola,  strophulus,  lichen,  were  the 
principal  eruptions.'  Besides,  so  distinguished  an  authority  as  Trousseau, 
with  his  attention  solely  devoted  to  the  object  of  reducing  inoculated  small- 
pox to  the  mother  pustule,  entirely  failed  to  get  that  uniformity  of  result 
obtained  by  Badcock,  who  had  no  such  end  in  view.  We  have  already  given 
Dr.  Cory's  evidence  that  Simpson's  lymph  produced  no  eruptions  of  any  sort 
whatever. 

Nor  do  Badcock's  numerous  correspondents  note  any  such  occurrences, 
"though  in  one  case,  on  the  tenth  day,  where  there  was  a  very  extensive  areola 
on  the  arm, '  red  blotches  appeared  on  the  back  and  lower  limbs  of  the  child.' 
'On  the  arm  of  Badcock's  child  (the  first  to  receive  the  virus)  on  the  seventh 
•day  '  the  vesicle  presented  the  usual  progressive  appearance,'  and  on  sub- 
sequent days  the  progress  was  equally  satisfactory.  Eichardson,  of  Brighton, 
■said  that '  to  describe  the  appearances  produced  would  be  merely  to  describe 
the  true  Jennerian  vesicle  with  which  we  are  all  familiar.'  Dr.  Coleman,  of 
Horsham,  and  Dr.  Plummer,  wrote  similarly,  and  in  short,  of  two  dozen 
■correspondents,  including  Ceely,  Estlin,  and  Cordy  Burrows,  not  one  makes 
mention  of  any  pustular  eruptions  following  the  vaccination.  And  it  is  simply 
inconceivable  that,  if  Badcock's  lymph  had  been  variolous,  of  the  many 
thousands  inoculated  with  it,  no  single  case  should  have  presented  such 
symptoms  as  would  have  clearly  indicated  its  true  nature.  As  to  any  power 
it  had  of  spreading  small-pox  by  atmospheric  infection,  it  may  be  noted  that 
Mr.  W.  S.  Sankey,  of  Dover,  who  had  in  1843-45  vaccinated  with  Badcock's 
lymph  131  persons,  of  whom  118  had  four  vesicles,  complains  that  'not  a 
single  case  of  small-pox  has  occurred  to  test  the  protective  value  of  the 
lymph.'  One  correspondent  had  an  admirable  opportunity  for  making  a  useful 
comparison.  He  had  received  lymph  from  Estlin  (derived  from  natural  cow- 
pox)  on  the  day  before  he  got  Badcock's,  and  he  writes  :  '  I  have  continued 
to  use  both  kinds,  and  have  been  very  careful  to  keep  them  separate.  I 
cannot  see  that  there  is  any  difference  in  the  appearance  of  vesicles  produced 
by  either  kind.'  In  the  Suttonian  practice,  the  whole  object  was  to  produce  a 
mild  disease,  and  every  part  of  the  procedure  had  this  as  its  aim.  But  erup- 
tions were  nearly  always  present.  In  the  use  of  Badcock's  and  Simpson's 
lymph,  several  punctures  were  made  and  plenty  of  virus  used.  Yet  the 
cases  were  indistinguishable  from  those  of  perfect  vaccination,  and  in  none, 
except  in  two  or  three  vaccinated  in  the  presence  of  small-pox,  was  there  any 
secondary  eruption. 

While  such  facts  seem  quite  sufficient  to  prove  that  small-pox  inocu- 
lated on  the  cow  has  in  some  cases  produced  a  result  which  on  the  human 
subject  showed  itself  as  cow-pox,  yet  those  related  by  Chauveau  and  others 
seem  also  quite  sufficient  to  prove  that  small-pox  inoculated  on  the  cow  has 
in  other  cases  produced  a  result  which  on  the  human  subject  showed  itself  as 
small-pox.  If  Ceely,  and  Badcock,  and  Simpson,  and  Cory  are  trustworthy, 
so  also  are  Chauveau  and  the  other  members  of  the  Lyons  Commission. 

To  what  conclusion,  then,  are  we  driven  ?  On  the  whole  subject  it  is 
necessary  to  speak  with  the  greatest  reserve.  It  appears  to  be  sometimes  a 
most  difficult  thing  to  get  any  result  at  all  from  inoculating  cows  with  small- 
pox. So  skilled  an  experimentalist  as  Klein  entirely  failed,  even  when  he 
had  the  advice  and  assistance  of  Ceely.  Dr.  Cory  also  failed.  Yet  obviously 
the  operation  is  at  other  times  successful.  Success  seems  possible  even  where 
it  is  not  desired.     In  a  letter  to  Badcock  (Crookshank,  vol.  ii.  p.   529), 
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W.  E.  Mott,  of  Brighton,  writing  in  1841,  says  :  *  It  is  now  more  than  forty 
years  since,  I  beheve,  I  inoculated  the  first  child  in  the  county  of  Kent,  with 
the  vaccine  lymph,  and  about  that  time  I  well  remember  old  Dr.  Dobell  say- 
ing that  he  believed  it  to  be  identical  with  small-pox.  He  was  a  celebrated 
man  for  inoculation,  and  received  patients  into  his  house.  He  found  his 
cows  frequently  attacked  from  the  female  imtients  occasionally  milking 
the  cows.' 

It  will  be  necessary,  therefore,  to  see  if  the  writings  on  the  subject 
throw  any  hght  on  the  differences  of  result.  In  Ceely's  second  case  (that 
of  an  animal  ten  months  old),  the  first  attempt  at  variolation  failed.  A 
second  attempt  was  made,  and  on  the  fifth  day  the  punctures  were  enlarged 
and  elevated.  On  the  sixth  day  '  all  present  the  appearance  of  the  vaccine 
vesicle.'     Of  eight  punctures,  four  '  seem  only  tubercular,'  but  the  other  four 

*  have  a  deep  damask  hue,  and  appear  hke  oval  or  circular  solid  elevated 
rings,  with  central  depressions ;  from  one  of  these  took  clear  lymph  witk 
much  difficulty,  and  scantily  charged  thirty-nine  points.'     On  the  ninth  day 

*  the  four  vesicles  enlarging ;  again  opened  the  inner  margin  under  the  daily 
increasing  central  crust  of  the  vesicle  first  opened,  and  charged  twenty 
points  :  tubercles  diminishing.'  On  the  tenth  day  the  vesicles  and  one  of 
the  tubercles  were  larger.  '  Charged  twenty-seven  points.  Vesicles  have  a 
bluish-reddish,  gUstening  appearance  ;  two  of  them  rather  red  at  the  base  ; 
one  or  two  rather  raw  on  each  side.'  Eleventh  day  :  '  Brown  crusts  cover 
the  centre  of  the  vesicles,  which  appear  declining.'  Twelfth  day  :  '  Declin- 
ing, with  increasing  crusts  of  a  blackish-brown  colour,  within  a  shghtly 
elevated  margin.'  Such  was  a  successful  case.  Here  is  an  example  of 
what  Ceely  calls  '  a  failure.'  '  Third  day  :  two  or  three  punctures  a  httle 
tumid.  Fourth  day :  some  rather  hard  and  elevated.  Seventh  day :  one 
puncture  rather  more  tumid,  about  the  size  of  a  vetch.  Eighth  day  :  three 
or  four  tubercles  rather  larger.  Ninth  day :  one  (the  largest  tubercle) 
seems  pustular,  the  others  appear  subsiding.  I  considered  this  a  failure,  and 
of  course  did  not  use  the  pustular  product  of  the  tubercle.' 

Turning  now  to  Chauveau's  alleged  successful  cases,  we  find,  according  to 
Seaton,^  a  local  result  consisting  of  very  small  papules, '  scarcely  projecting 
above  the  surface,  slightly  conical,  and  with  the  puncture  of  inoculation 
visible  at  the  centre ;  they  are  at  their  fullest  development  by  the  fifth  day, 
and  are  quite  gone  by  the  twelfth,  leaving  an  extremely  small  blackish  crust 
or  scale  at  the  point  of  puncture  :  at  no  period  of  their  course  do  they  exhibit 
any  tendency  whatever  to  secretion.'  Have  we  not  here  simply  what  Ceely 
looked  on  as  *  a  failure,'  characterised,  too,  by  the  short  cycle  which  alike 
in  variolation  and  vaccination  has  always  been  held  distinctive  of  failure  ? 
It  is  not  surprising  to  learn  that  the  Lyons  Commission  itself  had  at  first  set 
aside  such  results,  and  that  the  majority  of  competent  witnesses  of  the  cases 
regarded  the  papules  '  as  the  simple  result  of  inflammatory  action  round  an 
inoculated  point,  and  as  indicative  of  no  specific  infection.'  Matter  for  ino- 
culation was  got  by  removing  the  papules  *  and  scraping  weU  their  inner 
surface.'  (Seaton.)  Indeed,  the  variolous  virus  originally  inserted  appears 
to  have  remained  practically  unchanged  in  the  tissues,  and  to  have  been 
simply  removed  again  and  reinserted  on  human  beings,  who  naturally  de- 
veloped variola  and  not  vaccinia. 

Now  that  fresh  interest  has  been  aroused  in  this  question  of  the  variolation 
of  the  cow,  it  is  not  likely  to  remain  long  without  settlement.  But  in  the 
meantime  the  whole  tendency  of  the  evidence  is  to  show  that  vaccinia  really 
is,  as  Jenner  had  supposed  it,  variola  of  the  cow,  and  that  the  virus  of  human. 

*  0;p.  cit. 
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small-pox  is  so  attenuated  in  tlie  bovine  animal  as  to  be  deprived  both  of 
its  quality  of  atmospheric  convection,  and  of  its  tendency  to  cause  a 
generalised  eruption.  Whether  in  all  cases  it  is  proper  to  trust,  for  the 
metamorphosis,  to  a  single  bovine  transmission,  is  a  point  which  is  still 
open  to  discussion.  Conceivably  it  might  happen  that  if  Trousseau's 
attempts  at  attenuation  by  successive  cultivations  of  the  mother  pustule 
on  the  human  subject  were  now  repeated  and  persevered  in  long  enough, 
some  series  of  such  experiments  might  ultimately  result  in  a  permanent 
modification  similar  to  vaccinia  in  its  freedom  both  from  eruption  and 
from  atmospheric  convection ;  but  if,  as  Crookshank  avers,  this  could  be 
attained  only  at  the  cost  of  total  loss  of  protective  power,  then  it  would 
differ  from  vaccinia  in  its  all-important  characteristic.  Possibly  by-and-by 
bacteriological  science  may  be  able  to  tell  us  why  the  one  mode  of  attenu- 
ation or  transformation  should  differ  in  its  results  from  the  other,  but  in 
the  meantime  we  must  be  satisfied  with  the  fact  that  the  change  in  the  calf 
from  variola  to  vaccinia  is  short,  sharp,  and  decisive,  removing  the  objection- 
able and  retaining  only  the  valuable  part  of  the  original  disease. 

The  Vaccinal  Operation 

The  operation  of  vaccination  is  usually  performed  on  the  outer  aspect  of 
the  arm  near  the  insertion  of  the  deltoid  muscle.  The  object  being  the 
introduction  of  the  vaccine  lymph  in  such  a  manner  as  will  secure  its  absorp- 
tion, various  procedures  may  be  adopted.  The  lymph  may  be  taken  on  the 
point  of  a  lancet  and  inserted  by  punctures  or  by  scratches,  or  by  rubbing  it 
on  an  abraded  surface.  Or  it  may  be  laid  on  the  skin,  and  scratches,  &c., 
made  through  it,  but  probably  this  is  not  quite  so  good  a  method.  The 
lancet  is  usually  held  at  an  angle  so  as  to  make  a  valvular  scratch  or  incision, 
which  should  enter,  but  not  go  beyond,  the  true  skin.  Some  vaccinators  find 
that  a  half-blunt  lancet  is  better  than  a  very  sharp  one.  Others  use  a  variety 
of  instruments,  fitted  with  needle  points,  &c.,  but  the  great  advantage  of  the 
lancet  is  that  it  is  very  easily  kept  clean. 

Instructions  to  Public  Vaccinators.— The  following  'Instructions  for 
Vaccinators  under  Contract '  issued  by  the  Medical  Department  of  the  Local 
Government  Board  in  1887,  form  an  excellent  guide  as  well  for  the  private  as 
for  the  public  vaccinator.  Private  practitioners  would  even  find  it  of  great 
service  to  keep  a  register  of  vaccinations  similar  to  that  used  at  the  public 
stations.  It  is  occasionally  useful  to  be  able  to  trace  back  to  its  source,  step 
by  step,  any  lymph  that  is  being  employed. 

Instructions  for  Vaccinators  under  Contract 

1.  Except  so  far  as  any  immediate  danger  of  small-pox  may  require, 
vaccinate  only  subjects  who  are  in  good  health.  As  regards  infants,  ascertain 
that  there  is  not  any  febrile  state,  nor  any  irritation  of  the  bowels,  nor  any 
unhealthy  state  of  skin  ;  especially  no  chafing  or  eczema  behind  the  ears,  or 
in  the  groin,  or  elsewhere  in  folds  of  skin.  Do  not,  except  of  necessity,  vac- 
cinate in  cases  where  there  has  been  recent  exposure  to  the  infection  of 
measles  or  scarlatina,  nor  where  erysipelas  is  prevailing  in  or  about  the  place 
of  residence. 

2.  In  all  ordinary  cases  of  primary  vaccination  make  such  insertions  of 
lymph  as  will  produce  at  least  four  separate  good- sized  vesicles  or  groups  of 
vesicles,  not  less  than  half  an  inch  from  one  another.  The  total  area  of 
vesiculation  on  the  same  day  in  the  week  following  the  vaccination  should 
be  not  less  than  half  a  square  inch. 
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8.  Direct  that  care  be  taken  for  keeping  the  vesicles  uninjured  during 
their  progress,  and  for  avoiding  afterwards  the  premature  removal  of  the 
crusts.  Do  not  use  any  needless  means  of  '  protection  '  or  of '  dressing '  to  a 
vaccinated  arm ;  but  if  in  a  particular  case  you  find  reason  for  means  of 
•protection  '  or  of  '  dressing,'  define  the  material  and  the  manner  of  use  of 
the  appliance  best  adapted  to  the  case,  avoiding  all  such  as  cannot  readily  be 
destroyed  and  replaced  whenever  they  become  soiled. 

4.  Enter  all  cases  in  your  register  on  the  day  when  you  vaccinate  them, 
and  with  aU  particulars  required  in  the  register  up  to  and  including  the 
column  headed  '  Initials  of  Person  performing  the  Operation.'  Enter  the 
results  on  the  day  of  inspection.  Each  of  those  entries  must  be  attested  by 
the  initials  of  the  person  who  inspects  the  case.  In  cases  of  primary  vac- 
cination, register  as  '  successful '  only  those  cases  in  which  the  normal  vaccine 
vesicle  has  been  produced  ;  in  cases  of  re-vaccination,  register  as  '  successful ' 
only  those  cases  in  which  either  vesicles,  normal  or  modified,  or  papules 
surrounded  by  areolae,  have  resulted.  When  any  operation  (whether  vacci- 
nation or  re- vaccination)  has  to  be  repeated  owing  to  want  of  success  in  the 
first  instance,  it  should  be  entered  as  a  fresh  case  in  the  register. 

5.  Endeavour  to  maintain  in  your  district  such  a  succession  of  cases  as 
mil  enable  you  to  vaccinate  with  Hquid  lymph  directly  from  arm  to  arm  at 
each  of  yom'  contract  attendances  ;  and  do  not,  under  ordinary  circumstances, 
adopt  any  other  method  of  vaccinating.  To  provide  against  emergencies 
always  have  in  reserve  some  stored  lymph ;  either  dry  on  ivory  points, 
thickly  charged  and  constantly  well  protected  from  damp ;  or  liquid,  in  fine, 
short,  uniformly  capillary  (not  bulbed)  tubes,  hermetically  sealed  at  both 
extremities.  Lymph,  successfully  preserved  by  either  of  these  methods,  may 
be  used  without  definite  restrictions  as  to  time.  With  aU  stored  lymph 
caution  is  necessary,  lest  in  time  it  have  become  inert,  or  otherwise  unfit 
for  use. 

6.  Consider  yourseK  strictly  responsible  for  the  quality  of  whatever  lymph 
you  use  or  furnish  for  vaccination.  Never  either  use  or  furnish  lymph  which 
has  in  it  any,  even  the  shghtest,  admixture  of  blood.  In  storing  lymph,  be 
careful  to  keep  separate  the  charges  obtained  from  different  subjects,  and  to 
affix  to  each  set  of  charges  the  name,  or  the  number  in  your  register,  of  the 
subject  from  whom  the  lymph  was  derived.  Keep  such  note  of  all  supplies 
of  lymph  which  you  use  or  furnish  as  will  always  enable  you  to  identify  the 
origin  of  the  lymph.  Do  not  employ  lymph  supplied  by  any  person  who 
does  not  keep  exact  record  of  its  source. 

7.  Never  take  lymph  from  cases  of  re-vaccination.  Take  lymph  only 
from  subjects  who  are  in  good  health,  and,  as  far  as  you  can  ascertain,  of 
healthy  parentage ;  preferring  children  whose  families  are  known  to  you, 
and  who  have  elder  brothers  or  sisters  of  undoubted  healthiness.  Always 
carefally  examine  the  subject  as  to  any  existing  skin  disease,  and  especially 
as  to  any  signs  of  hereditary  syphihs.  Do  not  take  lymph  from  children  who 
have  any  sort  of  sore  at  or  about  the  anus.  Take  lymph  only  from  well- 
characterised,  uninjured  vesicles.  Take  it  at  the  stage  when  the  vesicles  are 
fully  formed  and  plump.  Do  not  take  it  from  a  vesicle  around  which  there 
is  any  conspicuous  commencement  of  areola.  Open  the  vesicles  with  scru- 
pulous care  to  avoid  drawing  blood.  Take  no  lymph  wliich,  as  it  issues  from 
the  vesicle,  is  not  perfectly  clear  and  transparent,  or  which  is  thin  and 
watery.  From  a  well-formed  vesicle  of  ordinary  size,  do  not,  except  under 
circumstances  of  necessity,  take  more  lymph  than  will  suffice  for  the  im- 
mediate vaccination  of  five  subjects,  or  for  the  charging  of  seven  ivory  points, 
or  for  the  filling  of  three  capillary  tubes  ;  and  from  larger  or  smaller  vesicles, 
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take  only  in  like  proportion  to  their  size.  Never  squeeze  or  scrape  or  drain 
any  vesicle,  and  do  not  use  lymph  that  has  run  down  the  sMn.  Be  careful 
never  to  transfer  blood  from  the  subject  you  vaccinate  to  the  subject  from 
whom  you  take  lymph. 

8.  Scrupulously  observe  in  your  inspections  every  sign  which  tests  the 
efficiency  and  purity  of  your  lymph.  Note  any  case  wherein  the  vaccine 
vesicle  is  unduly  hastened  or  otherwise  irregular  in  its  development,  or 
wherein  any  undue  local  irritation  arises  ;  and  if  similar  results  ensue  in 
other  cases  vaccinated  with  the  same  lymph,  desist  at  once  from  employing 
it.  Consider  that  your  lymph  ought  to  be  changed,  if  your  cases,  at  the 
usual  time  of  inspection  on  the  day  week  after  vaccination,  show  any  con- 
spicuous areolae  round  their  vesicles. 

9.  Keep  in  good  condition  the  lancets  or  other  instruments  which  you 
use  for  vaccinating,  and  do  not  use  them  for  any  other  purpose  whatever. 
When  you  vaccinate,  have  water  and  a  napkin  at  your  side,  with  which 
invariably  to  cleanse  your  instrument  after  one  operation  before  proceeding 
to  another.  Never  use  an  ivory  point  or  capillary  tube  a  second  time  either 
for  the  conveyance  or  for  the  storage  of  lymph,  but  when  points  or  tubes 
have  once  been  charged  with  lymph  and  put  to  their  proper  use,  do  not  fail 
to  break  or  otherwise  destroy  them. 

In  the  writer's  practice  two  additional  points  have  been  attended  to.  One 
is  to  use  boUing  water  instead  of  cold  water  for  cleaning  the  lancet  after  each 
operation.  This  involves  a  momentary  delay  for  cooling  the  blade  of  the 
instrument.  But  where  time  is  of  consequence,  two  lancets  could  be  used 
alternately.  The  other  is,  that  where  the  exigencies  of  private  practice  result 
in  the  use  of  lymph  stored  in  capillary  tubes,  these  tubes  should  be  sterilised, 
as  in  the  practice  of  Dr.  Neil  Carmichael  at  the  Vaccination  Station  in 
Ingram  Street,  Glasgow.  That  sterilised  tubes  are  less  Hable  to  contain 
foreign  matter  is  shown  by  the  rapidity  with  which  water  or  lymph  is  drawn 
into  them  as  compared  with  ordinary  tubes. 

Calf  Lymph. — Since  1881  Government  has  had  in  operation  at  Lamb's 
Conduit  Street,  London,  an  animal  vaccine  lymph  station.  With  the  ex- 
ception of  a  series  of  cases  in  1885-86,  vaccinated  with  Simpson's  lymph, 
already  referred  to,  the  only  stock  of  lymph  used  since  March  1882  had 
its  origin  in  a  case  of  natural  cow-pox  which  occurred  at  Laforet,  near 
Bordeaux,  the  lymph  being  supplied  by  Dr.  Dubreuilh.  It  has  never  been 
humanised,  direct  vaccination  being  in  all  cases  done  from  the  calf.  The 
calves  are  vaccinated  on  the  shaven  abdomen,  and  the  lymph  is  taken  on  the 
fifth  day.  It  is  from  this  source  that  the  Local  Government  Board  supphes 
calf  lymph  to  all  practitioners  who  require  it. 

At  first  it  was  feared  that  the  '  insertion  success '  would  be  less  than  with 
the  humanised  lymph,  but  the  remarkable  uniformity  of  result  obtained  by 
Dr.  Cory  has  shown  this  fear  to  be  illusory.  Five  insertions  are  made  in 
each  case,  and  in  the  year  1888-89  Dr.  Cory  was  successful  in  96*8  per  cent. 
of  the  insertions,  while  it  was  only  in  0*3  of  the  cases  that  all  the  insertions 
failed. 

The  resulting  vesicles  are  in  no  way  distinguishable  from  those  produced 
by  humanised  lymph  ;  but  when  calf  lymph  is  sent  out  to  vaccinators  in  the 
provinces  it  should  be  used  at  once  on  being  received.  In  32,000  cases  ope- 
rated on  between  April  1882  and  September  1889,  one  died  from  erysipelas 
and  one  from  cellulitis.  In  addition,  other  six  deaths  were  noted  as  having 
occurred  within  from  a  week  to  two  months  of  the  operation,  but  on  investi- 
gation no  connection  therewith  could  be  traced.     Three  were  certified  as  due 


430  HYGIENE 

to  convulsions,  one  to  small-pox  (which  appeared  on  the  fifth  day  after  vac- 
cination), one  to  enteritis,  and  in  one  case,  where  death  occurred  two  months 
after  the  vaccination,  the  cause  could  not  be  ascertained.  In  Prussia,  calf 
lymph  is  exclusively  used,  on  the  ground  that  in  this  way  the  invaccination 
of  syphilis  is  rendered  impossible.  But  in  this  country,  such  accidents  have 
been  so  much  rarer  than  on  the  Continent  that  medical  men  as  a  rule  have 
no  hesitation  in  using  humanised  lymph  in  their  own  families,  so  that  the 
use  of  calf  lymph  appears  rather  to  be  found  in  the  allaying  of  groundless 
alarm — certainly  a  most  important  point  in  itself — than  in  any  intrinsic 
superiority.  In  the  face  of  a  threatened  epidemic,  however,  the  ease  with 
which  a  stock  of  calf  lymph  can  be  multiplied  from  calf  to  calf  makes  it 
incomparably  more  useful  than  the  scanty  supplies  of  humanised  lymph 
that  are  obtainable  even  from  the  largest  stations.  There  are  no  facts  to 
show  whether,  as  a  prophylactic,  it  is  more  or  less  powerful  than  the  other. 
When  used  by  Mr.  Goude  for  revaccuiating  the  nurses  in  the  Highgate 
Small-pox  Hospital,  it  conferred  the  usual  complete  immunity. 

The  advantage  of  direct  vaccination  from  arm  to  arm,  or  from  calf  to  arm, 
as  compared  with  the  use  of  stored  lymph,  is  mainly  that  the  insertion 
success  is  much  greater,  the  failures  either  total  or  partial  being  much  fewer. 
Indeed,  thoroughly  experienced  vaccinators  hardly  believe  in  any  genuine 
insusceptibihty  to  vaccination  among  infants.  It  is  true  that  in  England 
every  year  many  children  are  certified  as  '  insusceptible.'  In  1886  the  number 
was  1,278.  But  Dr.  Cory  states  (in  Sir  George  Buchanan's  1887  Eeport) 
that  among  38,000  primary  operations  with  unstored  human  or  caK  lymph, 
in  only  one  case  did  he  fail  twice  in  an  attempt  at  vaccination.  As  to 
the  failures  of  a  first  attempt,  he  had  fourteen  among  16,000  cases  with 
humanised  lymph,  or  one  failure  in  1,140  children ;  and  70  among  21,781 
cases  with  caK  lymph,  or  one  failure  in  311  children.  Obviously,  therefore, 
practically  the  whole  of  the  1,278  children  who  in  1886  were  registered  as 
insusceptible  are  to  be  regarded  simply  as  unvaccinated  children,  open  to 
attack  by  small-pox. 

Phenomena  of  Primary  Vaccination. — The  normal  result  of  infantile 
vaccination  cannot  perhaps  be  better  described  than  in  a  circular  issued  by 
iihe  War  Office  in  1865.  '  When  vaccination  has  been  successfully  per- 
formed on  a  healthy  infant,  the  puncture  may  be  felt  elevated  on  the  second  or 
third  day  ;  and  soon  afterwards,  if  examined  with  a  magnifying  glass,  appears 
surrounded  by  a  slight  redness.  On  the  fifth  or  sixth  day  a  distinct  vesicle 
is  formed,  having  an  elevated  edge  and  depressed  centre.  On  the  eighth  day 
it  appears  distended  with  a  clear  lymph.  The  vesicle,  on  this,  its  day  of 
greatest  perfection,  is  circular  and  pearl-coloured,  its  margin  is  turgid,  firm, 
shining,  and  wheel-shaped.  Late  on  the  seventh  or  early  on  the  eighth  day 
an  inflamed  ring  or  areola  begins  to  form  around  the  base  of  the  vesicle,  and 
with  it  continues  to  increase  during  the  two  following  days.  This  areola  is 
of  a  circular  form,  and  its  diameter  extends  from  one  to  three  inches.  When 
at  its  height,  on  the  ninth  or  tenth  day,  there  is  often  considerable  hardness 
and  swelling  of  the  subjacent  cellular  membrane.  On  the  tenth  or  eleventh 
day  the  areola  begins  to  subside,  leaving  as  it  fades  two  or  three  concentric 
circles  of  redness.  The  vesicle  now  begins  to  dry  in  the  centre,  and  acquires 
there  a  brownish  colour.  The  lymph  which  remains  becomes  opaque,  and  gra- 
dually concretes ;  so  that  about  the  fourteenth  or  fifteenth  day  the  vesicle  is  con- 
verted into  a  hard  round  scale  of  a  reddish-brown  colour.  This  scale  contracts, 
dries,  blackens,  and  about  the  twenty-first  day  falls  off.  It  leaves  a  cicatrix, 
which  commonly  is  permanent  in  after  life,  circular,  somewhat  depressed, 
dotted  or  indented  with  minute  pits,  and  in  some  instances  radiated.    The 
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above-described  local  changes,  while  in  active  progress,  are  attended  by 
feverishness  ;  first,  from  the  fifth  to  the  seventh  day,  so  slight  that  often 
the  fact  passes  unobserved,  and  again  more  considerable  during  those  days 
■when  the  areola  is  about  its  height  ;  the  infant  now  being  restless  and 
hot,  with  more  or  less  disturbance  of  stomach  and  bowels.  About  the 
same  time,  especially  if  the  weather  be  hot,  children  of  full  habits  not 
unfrequently  show  on  the  extremities,  and  less  copiously  on  the  trunk,  a 
lichenous  vascular  or  vesicular  eruption  which  commonly  continues  for  about 
a  week.' 

Phenomena  of  Be-vaccination. — In  re -vaccination  the  results  are  some- 
times as  above  described,  but  frequently  the  place  of  vesicles  is  taken  by 
papules,  surrounded  by  an  areola,  the  maximum  of  effect  occurring  on  or 
before  the  fifth  day.  '  Or  if  vesicles  form,  their  shape  is  apt  to  vary  from 
that  of  the  regular  vesicle,  and  their  course  to  be  more  rapid,  so  that  their 
maturity  is  reached  on  or  before  the  sixth  day,  their  areolae  declines  on  or 
before  the  eighth  day,  and  their  scabbing  begins  correspondingly  early.  In 
either  case  the  areola  tend  to  diffuse  themselves  more  widely  and  less 
regularly,  and  with  more  affection  of  the  cellular  membrane,  than  in  pri- 
mary vaccination  ;  and  the  local  changes  are  accompanied  by  much  itching, 
often  by  some  irritation  of  the  axillary  glands,  and  in  some  cases  on  the 
fourth  or  fifth  day  by  considerable  febrile  disturbances.'  The  operation, 
indeed,  is  far  from  being  so  easily  performed  with  success  as  that  of  primary 
vaccination.  In  the  army  the  results  are  classified  as — (1)  perfect  vaccine 
pustule,  (2)  modified  vaccine  pustule,  and  (3)  failure.  The  '  modified  '  pustule 
consists  often  of  a  papule,  not  strictly  a  pustule  at  all.  In  the  ten  years 
1879-88,  the  average  per  1,000  of  results  was — (1)  perfect  427,  (2)  modified. 
314,  and  (3)  failure,  258.  In  the  third  class,  the  regulation  is  that  when  re- 
vaccination  has  failed,  the  operation  will  be  repeated  from  another  source 
when  practicable ;  and  in  the  event  of  the  operation  still  proving  unsuc- 
cessful, the  names  of  the  individuals  will  be  recorded,  with  a  view  to  their 
being  re-vaccinated  at  some  subsequent  date.  But  unfortunately  no  separate 
statistics  of  these  re-vaccinations  after  failures  are  furnished.  It  is  not  to  be 
understood  that  the  difficulty  in  vaccinating  these  adults  is  entirely  owing 
to  their  having  undergone  primary  vaccination.  Among  primary  vaccina- 
tions of  soldiers  and  recruits  in  the  same  ten  years,  only  532  per  1,000  gave 
a  perfect  result,  while  254  gave  a  modified  pustule  and  212  failed.  These 
figures,  however,  perhaps  exaggerate  the  difiiculty.  For  it  is  stated  that  the 
term  '  primary  vaccination '  as  here  used  embraces  all  the  men  who  showed 
no  marks.  Very  likely  many  of  these  had  some  fraction  of  resistance  re- 
maining from  an  infantile  vaccination,  of  which  the  evidences  had  dis- 
appeared. 

Prevalence  of  Vaccination  in  England. — In  presence  of  the  propaganda 
against  vaccination  there  has  been  in  recent  years  a  slight  decrease  in  the 
practice  in  England,  this  being  due  rather  to  special  default  in  certain  locali- 
ties, notably  in  Leicester,  Keighley,  and  Dewsbury,  than  to  any  widespread 
neglect.  The  following  is  the  percentage  of  cases  '  not  accounted  for ' 
(these  including  postponements)  in  the  metropohs  and  in  the  rest  of  England 
since  the  coming  into  force  of  the  Act  of  1871.  This  Act  has  not  perhaps 
greatly  increased  the  numbers  operated  on.  Its  main  results  have  rather 
been,  first,  to  reduce  the  average  age  at  which  primary  vaccination  is  per- 
formed, and  second,  to  improve  the  average  quahty  and  quantity  of  vaccina- 
tion (and  especially  of  public  vaccination  done  under  the  superintendence  of 
the  Local  Government  Board)  in  each  individual  case. 

At  the  same  time,  and  so  far  as  mere  number  is  concerned,  it  is  to  be 
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Borne  in  mind  that  the  percentage  which  gets  vaccinated  of  the  children  bom 
in  any  one  year  is  no  doubt  much  greater  than  the  percentage  which  had 
been  vaccinated  of  the  persons  who  die  in  the  same  year ;  so  that  in  this, 
way,  though  the  primary  vaccinations  were  fractionally  less  in  1886  than  in 
1885,  yet  at  the  end  of  the  year  1886  the  vaccinated  percentage  of  the  total" 
population  would  doubtless  be  greater  than  at  the  end  of  the  year  1885. 


Percentage  of  Births 

'  Unaccounted  For.'' 

Tear 

Metropolis 

Best  of  England 

Year 

Metropolis 

Eest  of  England 

1872 

8-8 

4-5 

1881 

5-7 

4-3            i 

1873 

8-7 

4-2 

1882 

6-6 

4-5 

1874 

8-8 

4-1 

1883 

6-5 

4-9 

1875 

9-3 

3-8 

1884 

6-8 

5-3 

1876 

6-5 

4-0 

1885 

7-0 

5-5 

1877 

7-1 

4-1 

1886 

7-8 

6-1 

1878 

7-1 

4-3 

1887 

9-0 

6-7 

1879 

7-8 

4-5 

1888 

10-3 

8-2 

1880 

7-0 

4-5 

1889 

11-6 

9-6 

In  Scotland,  the  annual  percentages  of  cases  unaccounted  for  have  been 
less  than  in  England.  For  the  years  1875-90  they  have  been  as  follows  : — 
2-08,  2-02,  1-84,  1-94,  1-98,  1-89,  2-05,  2-09,  1-97,  2-19,  2-29,  2-39,  2-45, 2-51^ 
2-63,  2-48. 

The  Value  of  Vaccination 

Some  important  evidences  of  the  value  of  vaccination  have  been  already 
referred  to — especially  the  experiences  of  the  dairy  people  and  of  the 
country  practitioners  in  the  dairy  districts  in  Jenner's  own  day,  and  the 
numberless  variolous  inoculation  tests  applied  by  the  early  vaccinators. 
In  their  scientific  aspects  these  latter  were,  as  Dr.  Wilks  observes, ^  equal 
in  value  to  the  experiments  carried  on  in  the  biological  laboratories  of 
the  present  day,  while  in  number  they  were  infinitely  greater.  All  over 
the  civilised  world,  thousands  of  persons  who  had  not  undergone  a  certain 
preUminary  operation  were  inoculated  with  the  virus  of  small-pox,  and,  with 
a  very  small  percentage  of  failures,  all  received  the  disease  ;  and  simul- 
taneously all  over  the  civiMsed  world  thousands  of  persons  who  had  under- 
gone the  preliminary  operation  in  question  were  also  inoculated  with  the 
virus  of  small-pox,  and,  with  a  very  small  percentage  of  exceptions,  all  re- 
sisted the  disease.  The  conditions  of  the  two  masses  of  subjects  experimented 
on  were  similar  in  every  other  possible  respect.  They  were  taken  practically 
at  random  from  people  of  all  ages  and  conditions  of  life,  with  the  proviso 
only  that  they  should  resemble  each  other  in  the  one  fact,  that  they  had  not 
suffered  from  small-pox.  And  the  particular  preliminary  operation  which 
divided  them  into  two  classes  was  that  which  in  the  dairy  counties  had 
long  been  held  to  possess  the  power  of  preventing  small-pox,  and  which  had 
been  introduced  to  public  notice  by  Jenner  specifically  on  account  of  his 
beUef  in  its  anti-variolous  power.  The  law  now  prevents  this  huge  experi- 
ment of  variolous  inoculation  from  being  repeated  in  any  smgle  instance  ; 
and  in  respect  of  the  value  of  the  evidence  which  it  would  aftord,  the  pro- 
hibition is  unfortunate. 

Another  class  of  evidence,  the  striking  value  of  which  we  nowadays  have 

'  Laticet,  February  1890. 
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little  opportunity  of  realising,  was  that  of  the  accidental  or  intentional 
exposure  of  unvaccinated  and  recently  vaccinated  persons  to  the  contagion 
of  small-pox,  which  was  then  a  matter  of  everyday  occurrence.  Jenner's 
contemporaries  had  continually  demonstrated  to  them  the  worth  of  vacci- 
nation in  the  immunity  with  which  the  vaccinated  members  of  a  family 
exposed  themselves  to  the  infection  of  a  disease  which  successfully  attacked 
their  brothers  and  sisters  who  had  not  taken  advantage  of  the  new  prophy- 
lactic. In  outbreaks  Uke  those  of  Montreal  and  Sheffield  in  recent  years, 
and  in  the  daily  life  of  our  small-pox  hospitals,  we  have  occasional  oppor- 
tunities of  obtaining  proofs  of  a  similar  character,  and  these  will  be  referred 
to  later  on. 

Statistical  Evidence. — The  statistical  evidence  is  so  voluminous  that 
selection  is  difficult.  Examples  of  it  may  be  given  under  several  head- 
ings. 

(1)  The  Decline  in  the  Total  Small-;pox  Mortality  since  the  Introduction 
of  Vaccination.— The  iohledii'^.  392  shows  the  remarkable  decrease  that  took 
place  in  the  small-pox  mortality  in  various  European  countries,  following  on 
the  introduction  of  vaccination.  It  has  been  urged  that  this  was  due,  not  to 
the  use  of  vaccination,  but  to  the  decrease  of  variolous  inoculation.  But  we 
have  already  seen  that  a  lessened  amount  of  inoculation  did  not  necessarily 
mean  a  lessened  spread  of  natural  small-pox  by  inoculation,  and  that  the 
disease  resulting  from  inoculation  as  practised  in  the  latter  part  of  the  last 
century,  at  least  in  this  country,  was  comparatively  a  slight  one,  with  very 
much  less  infectious  material  than  natural  small-pox.  And  as  regards  the 
continent  of  Europe,  it  happened  that  in  Sweden  and  Copenhagen  inoculation 
never  came  largely  into  vogue,  yet,  as  is  seen  in  the  table,  the  rate  in  Sweden 
fell  from  2,050  per  milHon  living  in  the  last  century  to  158  in  the  present 
century,  while  the  corresponding  figures  for  Copenhagen  were  3,128  and 
286. 

The  London  Bills  of  Mortality. — The  attached  diagram  gives  the 
contributions  to  the  total  mortahty  in  London,  by  small-pox,  measles,  and 
whooping-cough  from  1629  to  1890.  Up  to  1838  the  figures  are  calculated 
from  the  London  Bills  of  Mortality '  and  subsequently  from  the  Kegistrar 
General's  reports.  Dr.  Ogle  shows  ^  that  the  Bills  of  Mortality  understate 
very  considerably  the  number  of  deaths,  and  that  this  is  especially  the  case 
in  the  closing  years  of  the  period  for  which  they  are  available.  Fortunately 
this  does  not  necessarily  affect  the  proportion  of  smaU-pox  mortahty  to  the 
total  mortahty ;  but  even  here  there  are  doubtless  inaccuracies,  especially 
perhaps  in  the  years  more  immediately  preceding  1838,  when  the  registration 
laws  came  into  force.  'In  the  case  only  of  very  obvious  diseases,'  says  Dr. 
Ogle,  '  can  much  reHance  be  placed  '  on  the  statements  of  the  old  women  who 
acted  as  searchers.  But  though  difficulties  of  diagnosis  arise  even  yet  in 
some  cases  of  mild  small-pox,  no  disease  could  well  be  more  obvious  than 
small-pox  which  has  ended  fatally.  And  the  domestic  diagnosis  of  measles- 
and  whooping-cough  must  have  been  sufficient  to  furnish  the  searchers  with, 
fairly  accurate  information  as  to  these  diseases. 

In  the  diagram,  a  striking  fall  is  observable  in  the  small-pox  curve, 
while  the  curves  of  the  other  two  maladies  (infantile  diseases,  as  was  small-pox 
in  pre-vaccination  times)  show  a  rise  rather  than  a  fall.  Had  the  small-pox 
fall  been  due  to  the  improved  sanitation,  then  the  other  two  should  have 
shown  the  effects  of  the  same  agency. 

Bearing  on  this  question  of  the  influence  of  sanitation  as  a  factor  in  the 

1  Guy,  Trans.  Stat.  Soc.  «  Jour.  Stat.  Soc.    September,  1892. 
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small-pox  decline,  the  figures  of  the  following  table  should  be  noted  (see  also 
*  Vaccination  Vindicated,'  p.  19  ). 

Death-rate  per  Million  living  in  England  and  Wales  per  Annvm. 


Period 

Measles 

Scarlatina 

and 
Diphtheria 

■Whooping- 
cough 

Fevers 

Diarrlioea 

1838-40  (3  years)      .... 
1841-42  and  1847-50  (6  years) 
1851-60  (10  years)    .... 

1861-70  (10     „     )    . 
1871-80  (10     „     )    . 

580 
430 
410 

440 
380 

770 

870 
980* 

970     190 
720     120 

500 
490 
500 

530 
510 

1,110 

1,160 

910 

890 
490 

220 
710 
920 

970 
920 

»  Includes  some  diphtheria. 

The  lesson  taught  by  these  statistics  is  that,  in  reference  to  sanitation, 
■each  disease  has  to  be  considered  by  itself.  Fevers  have  decreased  enor- 
mously. But  for  typhoid  fever  sanitation  has  meant  the  removal,  to  a  great 
■extent,  of  the  fsecal  impurities  which  we  know  to  be  its  principal  cause. 
Their  removal,  however,  has  not  lowered  the  death-rate  from  measles.  And 
for  typhus  fever,  sanitation  has  meant  the  diminution  of  personal  filth  and 
overcrowding.  But  that  diminution  has  not  brought  down  the  diarrhoea 
death-rate.  Similarly  for  small-pox,  sanitation  has  meant  the  greater 
abundance  and  efficiency  of  vaccination.  But  vaccination  has  not  lessened 
the  mortahty  from  whooping-cough.  Doubtless  to  some  degree  personal 
and  municipal  cleanhness,  good  food  and  pure  water,  have  a  beneficent  effect 
on  all  diseases,  whether  zymotic  or  not ;  and  in  the  benefit  small-pox  has  had 
its  share.  But  the  lessening  of  small-pox  cannot  be  set  down  to  improved 
drainage,  any  more  than  can  the  lessening  of  enteric  fever  be  set  down  to 
vaccination.^ 

London  Small-pox. — In  London,  owing  partly  to  the  existence  of  the  great 
small-pox  hospitals,  which  are  held  by  Power  and  others  to  act  as  centres  for 
"the  propagation  of  small-pox,  the  decline  in  small-pox  has  not  until  in  recent 
quinquennia  been  so  observable  as  in  the  provinces,  as  the  following  figures 
show :  ^ — 

Deaths  from  Small-pox  per  Million  living. 


- 

1838-42 

1847-49 

1850-54 

1855-59 

1860-64 

1865-69 

1870-74 

1875-79 

1880-84 

244 
34 

London    . 
Provinces 

755 
547 

460 
274 

300 
271 

237 
192 

281 
175 

276 
122 

654 
389 

292 
48 

But  even  London  gives  indubitable  evidence  of  the  decrease  of  small-pox, 
£bS  is  seen  in  the  following  table.^ 

If  it  be  pointed  out  that  here  the  total  mortality  has  also  diminished,  the 
answer  is  to  be  found  lq  observing  that  in  the  successive  periods  since  vacci- 
nation was  introduced  (beginning  1801-10),  the  fraction  contributed  by  small- 

'  In  the  decade  1881-90,  scarlatina,  whooping-cough,  fevers,  and  diarrhoea  have  shown 
a  further  fall,  and  measles  and  diphtheria  a  rise  ;  but  these  changes  do  not,  of  course, 
affect  the  teaching  to  be  derived  from  the  figures  in  the  table.  In  1881-90  the  rates  have 
been  :  Measles,  440  ;  scarlatina,  340 ;  diphtheria,  160 ;  whooping-cough,  450  ;  fevers, 
240 ;  diarrhoea,  660. 

*  Supplement  to  the  Fifteenth  Annual  Report  of  the  Local  Oovernvicnt  Board,  p.  xi. 

'  For  the  first  five  periods  the  figures  are  mere  estimates  (by  Dr.  Farr),  and  are 
necessarily  more  or  less  inaccurate. 
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Average  annual  deaths  per  million 

Average  annual  deaths  per 

from  all  causes 

million  from  small-pox 

1660-79 

80,000 

4,170 

1728-57 

52,000 

4,260 

1771-80 

50,000 

5,020 

1801-10 

29,200 

2,040 

1831-35 

32,000 

830 

1838-53 

24,900 

513 

1854-71 

24,200 

388 

1872-90 

21,400 

178 

pox  to  the  total  mortality  has  been  reduced  somewhat  as  follows  : — ts^^j  t&^Iij 
■so^^>  To^^h>  and  y^th. 

The  small-pox  deaths  per  million  living  in  England  and  Wales  have  been 
as  follows  in  successive  quinquenniads. 


Tears 

1838-40 

1841-2 

and 

1847^9 

1850-4 

1855-9 

1860-4 

1865-9 

1870-4 

1875-9 

1880-4 

1885-90 
(6  years) 

Death-rate 

771 

295 

279 

199 

191 

148 

433 

82 

62 

28 

In  Scotland  under  optional  vaccination,  1855-64,  the  annual  death-rate 
'from  small-pox  was  34  per  100,000  inhabitants  ;  under  compulsory  vaccina- 
tion, 1865-89,  the  34  was  reduced  to  8,  and  during  the  last  ten  years  of  this 
period,  it  was  only  0*43. 

Swedish  small-pox  statistics  go  back  to  1774.  From  that  date  to  1800, 
.the  average  annual  death-rate  was  2,008  per  million  inhabitants.  From  1801 
to  1815,  vaccination  was  optional,  and  the  rate  fell  to  631.  Then  the  opera- 
'tion  became  compulsory,  and  the  average  rate  from  1816  to  1885  inclusive 
has  been  173  per  million.  For  the  eight  years  1877  to  1885  it  was  41  per 
(million.    (Dr.  Edwardes.) 

The  Age-incidence  of  Small-pox. — This  subject  has  already  been  referred 
to  at  p.  396.  The  evidence  which  it  yields  of  the  value  of  vaccination  now  falls 
to  be  pointed  out.     The  Kegistrar-General  gives  the  following  figures  :  * — 

Mean  Annual  Deaths  from  Small-pox,  at  successive  Life  Periods,  per  Million,  living 
at  each  such  Life  Period,  1847-53,  1854-71,  and  1872-87. 


Period 

AU 

ages 

0-5 

6-10 

10-15 

15-25 

25-45 

45  and 
upwards 

1.  Vaccination  optional,  1847-53* 

2.  Vaccination  obligatory,  but  not 

eiificiently  enforced,  1854-71 

3.  Vaccination     obligatory,    but 

more  efficiently  enforced  by 
vaccination  officers,  1872-87 

305 
|228 

ill4 

1,617 
817 

242 

337 
243 

120 

94 

88 

69 

109 
163 

122 

66 
131 

107 

22 
62 

47 

»  In  this  table  the  period  of  optional  vaccination  begins  with  1847,  not  with  1838,  because  the  deaths  were 
i  not  abstracted  in  combination  with  ages  until  1847. 

The  table  shows  that  under  five  years  of  age,  when  the  influence  of 
primary  vaccination  is  most  active,  the  decrease  in  small-pox  is  at  its 
maximum — from  one  hundred  in  the  first  period  to  fifteen  in  the  third  period ; 
that  in  the  second  quinquenniad  of  life  the  decrease  is  from  one  hundred  to 
thirty-six,  and  that  in  the  third  quinquenniad  it  is  only  from  one  hundred 


First  Report  of  Vaccination  Commission,  p.  114. 
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to  seventy-three,  while  in  the  remaining  periods  of  life  there  is  an  actual' 
increase  in  the  morfcaHty.  All  this  corresponds  exactly  with  the  doctrine 
of  vaccination,  and  the  increased  mortality  of  older  persons  points  to  the 
need  of  re -vaccination.  In  the  last  century,  when  almost  everyone  took 
small-pox — in  the  great  majority  of  cases  at  some  time  between  birth  and 
fifteen  years  of  age — the  survivors  were  in  large  measure  permanently  pro- 
tected from  attack  and  especially  from  death  by  small-pox,  and  hence  at 
advanced  ages  the  mortahty  was  low.  But  with  the  gradual  substitution  of 
the  less  permanent  protection  of  infant  vaccination,  there  has  been  a 
corresponding  increase  in  the  deaths  at  ages  when  that  protection  has 
diminished. 

The  same  lesson  is  taught  even  more  strikingly  by  noting  how  the  age- 
incidence  of  fatal  small-pox  has  altered  since  the  introduction  of  vaccination. 
The  following  table  is  from  the  Report  of  the  Medical  Department  of  the 
Local  Government  Board  for  1884  : — 

Gontrihuticms  of  Various  Ages  to  1,000  Small-pox  Deaths  at  all  Ages. 


Ages  at  death. 

o 
o 

f 

a 
O 

3 

a 
o 

London,  1884 

it 
11 

■§'3 

1  a 

11 

[3 

0-10 

10-20   

20-30    

30-40   

40  and  upwards    . 

961 
10' 

}  ^* 

988 
5 

7 

815 
59 
83 
32 
11 

612 

146 

108 

72 

62 

86 
173 
319 
221 
201 

343 
170 
213 
142 
132 

Total   .... 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

These  figures  show  (1)  that  when  vaccination  was  unknown,  from  96  to  99 
per  cent,  of  all  small-pox  deaths  in  Geneva  and  Kilmarnock  occurred  under 
ten  years  of  age — that  indeed  small-pox  was  in  such  places  a  disease  of 
childhood  ;  (2)  that  in  London  in  1848-51,  when  vaccination  was  partially 
in  vogue  without  being  enforced  by  law,  80  per  cent,  of  the  victims  were 
under  this  age ;  (3)  that  in  London  in  1884,  under  general  vaccination, 
only  34  per  cent,  of  the  total  small-pox  deaths  were  under  ten  years  ;  and  (4) 
that  among  the  vaccinated  community  of  London  less  than  9  per  cent., 
while  among  the  unvaccinated  community  61  per  cent.,  were  under  ten  years. 
Thus  we  find  that,  with  the  spread  of  vaccination,  children  as  a  whole,  and 
especially  vaccinated  children,  bear  less  and  less  of  the  total  smaU-pox 
mortahty,  while  among  the  unvaccinated  the  distribution  approaches  more 
nearly  to  that  of  pre-vaccination  times. 

(2)  Age-incidence  in  the  Unvaccinated. — But  it  will  be  noted  that  even 
among  the  unvaccinated  the  96  to  99  per  cent,  of  last  century  is  represented 
by  only  61  per  cent,  in  London  in  1884.  Whence  the  change  ?  It  is  because 
vaccination  has  in  this  connection  two  results.  It  protects  the  individual, 
and,  by  reducing  the  available  material  for  the  spread  of  small-pox,  it  renders 
epidemics  less  frequent.  In  this  latter  benefit  the  unvaccinated  share.  In 
Kilmarnock,  in  the  last  century,  epidemics  came  on  an  average  every  four- 
and-a-quarter  years,  and  less  than  12  per  cent,  of  the  persons  who  died  in 
one  epidemic  had  been  alive  during  the  previous  epidemic.  The  disease  had 
to  secure  its  victims  almost  wholly  from  the  population  that  had  come  into 
existence  since  its  last  visitation.     One  outbreak  left  almost  no  victims  for 
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its  successors — in  the  same  way  hardly  any  had  been  left  to  it  by  its  pre- 
decessors. Obviously,  therefore,  if  by  vaccination  the  frequency  of  epidemics 
is  lessened,  the  deaths  even  of  the  unvaccinated  will  occur  at  a  higher 
range  of  ages,  and  hence  it  is  that  the  96  to  99  per  cent,  furnished  by 
•children  in  places  like  Kilmarnock  in  the  last  century,  when  all  were 
unvaccinated,  has  been  reduced  to  61  per  cent,  among  the  unvaccinated  of 
the  present  day  ;  and  hence  it  is  also  that  before  the  Eoyal  Commission  on 
vaccination  Dr.  Collins  (Q.  891)  was  able  to  show  that  in  the  years  1881-7, 
of  3,099  unvaccinated  deaths  only  39  per  cent,  were  under  five  years  of  age, 
as  compared  with  about  80  per  cent,  in  the  last  century.  Thus,  while  of  100 
unvaccinated  deaths  39  are  under  five  years  old,  of  100  vaccinated  deaths  only 
9  are  under  that  age,  the  former  figure  being  obtained  under  the  influence 
of  the  infrequency  of  epidemics,  and  the  latter  under  that  influence  plus  the 
direct  individual  protection  by  vaccination. 

The  same  difference  between  vaccinated  and  unvaccinated  is  illustrated 
by  the  Eegistrar-General  ^  in  the  following  table  based  on  the  records  for 
England  and  Wales  for  the  years  1872-4  and  1877-80  :— 


Proportion  of  Deaths  under  and  over  15  Years  of  Age  per  1,000  Deaths  from  Small-pox 
in  Vaccinated  and  Unvaccinated  Persons  respectively. 


Age 

Unvaccinated 

Vaccinated 

Under  15  years 

Over  15      „            

672 
328 

334 
666 

Total 

1,000 

1,000 

1 

For  Japan  and  the   Netherlands   the   following  are  the  corresponding 
figures  under  and  over  10  years  of  age  :  ^ — 


- 

Japan, 1879-80 

Netherlands,  1870-73 

Under  10  years 

Over  10      „           ... 

Vaccinated 
331 
669 

Unvaccinated 
735 
265 

Vaccinated 
180 
820 

Unvaccinated 
682 
318 

Total         .... 

1,000 

1,000 

1,000 

1,000 

Taking  five  years  of  age  as  the  dividing  period,  Brussels  and  Buda-Pesth 
give  these  results  (Abbott)  : — 


- 

Brussels,  1883  (epidemic  year) 

BudaPesth,  1876-81 

Under  5  years 

Over  5       „              ... 

Vaccinated 
200 
800 

Unvaccinated 
715 

285 

Vaccinated 
294 
706 

Unvaccinated 
766 
234 

Total         .... 

1,000 

1,000 

1,000 

1,000 

The  manner  in  which  small-pox  age-incidence  has  altered,  while  the 
age-incidence  of  other  comparable  maladies  has  remained  unchanged,  is 
well  illustrated  by  Dr.  Barry  in  a  diagram,  of  which  a  copy  is  annexed, 
giving  the  facts  for  Sheffield  for  two  periods  of  ten  years.  The  slight 
alteration  which  has  occurred  in  the  age-incidence  of  fever  is  explained  by 
Dr.  Barry  as  due  in  part  at  least  to  a  change  of  nomenclature :  remittent 
fever  being  included  in  the  earlier  period  and  excluded  in  the  later. 

'  Forty-third  Annttal  Report,  1880.  *  Abbott,  op.  cit. 
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Again,  on  this  subject,  the  following  diagram,  also  Dr.  Barry's,  shows 
how  the  age-incidence  of  Sheffield  small-pox  has  altered  coincidentJy  with 
the  spread  of  vaccination  : — 


Diagram   showing  for  th&  Boroagh  of  ShjeffCeLdL 

{(v)  The>  sTutre. ,  cbarmg   svLccessO/e-  EpuLerriL-cs ,  orthe^  totaL  Sma2Z-poa>  ttwt'- 

taJxty  hoTTve,  hy  cJtiZcb-eri,   vuixier'  10  anxL   by  pensons  agexii  10  years 

cuijdy  upwaroLs  ■ 
(i)   SwrtOaT- rcuU^ ,  duning  1887~eS,/bT-^^VajC.ajrvaUici''ajTxl'^ 

cccusses   nespedwefy . 
(iHffereru:^,  of  vfvdth.  of  hxjr^T^onJboL  bars  dervotes  dcf/er-ing  arrvovmi^ 

of  fcutaZ-  SmjalL-poa>  . ) 

{a.)  Out  of  every  100  small-pox  deaths  among  people  of  all  classes  in  each  of  the. 
fire  epidemics  1857-8,  1863-4,  1868-9,  1871-2,  and  1887-8:— 

Shart  borne  by  CHtldren  under  10  years  o/ar/e.  Share  borne  by  Persons  aged  10  years 

and  vpwards. 


During  18£7'Se  Epidemic. 


Okiring  184IS-64  Epidamic. 


During  186809  Epidemic. 


Ouriog  1671-73  Epidemic. 


During  188768  Epidemic. 


S55 


(b.)  Ont  of  eveiy  100  small-pox  deaths  among  people  of  all  ages  in  the  "vaccinated'' 
and  '•  unvaccinated  "  classea  respectively  during  1887-88  :  — 


Shajt  bontt  by  Chtldren  under  10  years  iif'agir. 


During  1887-88  Epidemic. 

AuoDg  the  "  UnTacciaAt«d  ' 

Clssa. 


Ajuoag  tbe  "  VaceiBated ' 


&hare  boiiie  by  Pertons  aged  10  ytars 
and  upwards. 


Tol&l  Deaihs 
344 
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Finally,  in  regard  to  age-incidence,  tliere  is  in  one  of  the  Scottish 
Eegistrar- General's  Eeports  an  interesting  comparison  as  to  the  small-pox 
deaths  of  children  under  one  year  old.  From  1855  to  1864,  when  vaccination 
(in  Scotland)  was  only  optional,  the  number  of  deaths  from  small-pox  in 
children  under  one  year  old  was  very  nearly  equally  divided  between  the  two 
halves  of  the  year.  But  when  vaccination  became  compulsory  at  the  age  of 
six  months  (in  Scotland)  this  grouping  altered  very  much — about  79  per  100 
being  under  six  months  and  only  21  between  six  and  twelve  months. 
The  inference  was  that  vaccination  made  the  difference.  But  a  third  fact 
was  needed  to  complete  the  comparison — namely,  the  proportion  in  each  of 
the  two  half  years  when  vaccination  was  totally  unknown.  The  statistics  of 
Kilmarnock  in  the  last  century  suppHed  the  omission  as  follows  : — 

Bates  of  Deaths  from  Small-pox  between  Six  and  Twelve  Months  of  Age,  to  100  Deaths 
from,  Small-pox  under  Six  Months,  during  three  Selected  Periods. 


Age 

Kilmarnock,  1728- 

1763  (vaccination 

unknown) 

Scotland,'1855-1864 

(vaccination 

optional) 

Scotland,  1865-1879 
(vaccination  com- 
pulsory) 

Under  6  months     . 
From  6  to  12  months     . 

100 
491 

100 
103 

100 
26 

The  first  ratio  may  be  taken  as  the  normal  one  of  natural  small-pox.  It 
is  a  disease  with  nearly  five  times  the  mortality  in  the  second  six  months 
that  it  has  in  the  first  six  months  of  life.  But  when  modified  in  the  second 
six  months  by  optional  vaccination,  the  mortahty  decreases  very  much — from 
491  to  103.  And  when  vaccination  becomes  compulsory,  as  in  the  third  period, 
the  103  becomes  reduced  to  26.  The  second  half  year  is  (in  Scotland)  the 
first  part  of  Hfe  in  which  the  influence  of  vaccination  is  brought  to  bear  on 
the  prevalence  of  small-pox,  and  its  effect  is  surely  abundantly  obvious.  Surely, 
too,  it  is  very  obvious  that  it  has  not  been  sanitation  which  has  caused  the 
remarkable  change  in  this  altered  relationship  of  babies  towards  death  from 
small-pox. 

The  manner  in  which  sanitation  acts,  or  rather  does  not  act,  with  reference 
to  the  age-incidence,  is  seen  on  looking  at  the  statistics  of  the  decline  of 
fevers,  a  decline  which,  in  so  far  as  it  is  not  a  mere  change  of  nomenclature, 
is  universally  accepted  as  due  to  sanitary  measures.  The  following  table  was 
handed  in  to  the  Vaccination  Commission  by  the  Eegistrar- General  (First 
Eeport,  p.  114)  : — 

Mean  Annual  Deaths  from  Fever,  at  successive  Life  Periods,  'per  Million  living  at  each 
such  Life  Period,  1847-53,  1854-71  and  1872-87. 


Period 

All  ages 

0-5 

5-10 

10-15 

15-25 

25-45 

45  and 
upwards 

1847-53 
1854-71 
1872-87 

1,139 

870 
367 

1,515! 

1,297 
426 

1,118 
933 
379 

911 
713 

344 

1,103 
807 
481 

910 
656 
327 

1,388 
972 
323 

The  regularity  of  the  influence  of  sanitation,  as  exhibited  by  these 
figures  at  every  period  of  life,  demonstrates  beyond  the  possibiUty  of  doubt 
that  it  is  not  to  sanitation  that  we  owe  the  changes  of  age-incidence 
shown  in  the  preceding  tabular  statements  of  reduction  of  small-pox  mor- 
tahty. 

(3)  Effects  of  Be-vaccination. — The  most  striking  case  is  that  of  Prussia, 
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now  the  best  vaccinated  country  in  the  world.  Ee-vaccination  was  made 
compulsory  in  1874,  the  law  taking  effect  in  1875.  So  long  ago  as  1834,  re- 
vaccination  had  been  compulsory  in  the  army,  with  the  result  that  the 
army  rates  have  since  been  remarkably  low.  And  in  1835  a  regulation 
was  issued  which  stated  ^  that  teachers,  masters,  craftsmen,  &c.,  would  '  do 
well  to  satisfy  themselves '  that  pupils,  apprentices,  &c.,  were  vaccinated, 
ivhile  children  receiving  scholarships  or  other  benefices  had  to  show  proof 
of  vaccination.  But  there  were  no  penalties  unless  in  case  of  attack  by  small- 
pox, and  then  naturally  the  penalty  was  seldom  inflicted.  In  fact,  a  chief 
Tesult  of  this  regulation  appears  to  have  been  that  when  the  pandemic  of 
1870-3  swept  over  Germany,  the  returns  of  small-pox  cases  as  '  vaccinated ' 
•or  *  unvaccinated '  were  rendered  worthless  by  the  parents  making  mis- 
statements to  evade  the  penalty  in  question.  But  in  1874  all  this  was 
-changed,  re-vaccination  being  made  compulsory  and  the  law  properly  enforced. 
The  consequence  has  been  a  most  remarkable  and  sudden  disappearance  of 
^small-pox  from  Prussia.  The  diagram  on  the  next  page  by  Dr.  Arthur  F. 
Hopkirk  shows  the  facts.^ 

To  show  the  additional  protection  afforded  by  re-vaccination  over  that 
-conferred  by  infantile  vaccination  alone,  Gerstacker  (quoted  by  Abbott,  loc. 
<cit.)  compares  London  and  Berlin.  But  in  regard  to  the  former  the  influence 
of  the  Metropolitan  Small-pox  Hospitals,  already  discussed,  must  be  borne  in 
mind.     The  figures  are  as  follow  : — 


- 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

London  . 
Berlin 

1-3 
5-2 

20-8 
1-8 

71-0 
0-4 

38-8 
0-8 

12-1 
0-7 

12-5 
0-8 

61-9 

4-7 

11-1 
0-4 

3-4 
0-8 

In  the  Army  and  Navy . — The  value  of  re-vaccination  is  further  shown  by 
the  experience  of  our  own  army  and  navy.  Writing  in  1819,  Sir  Gilbert 
Blane  said  :  '  When  there  was  no  vaccination  in  our  navy,  one-fifth  of  all  the 
anen  enlisted  died  of  small-pox.'  ^ 

The  Army. — In  the  army  an  order  for  the  re- vaccination  of  all  recruits  was 
issued  on  September  21, 1858.  But  the  short  service  system  did  not  begin  till 
1873,  so  that  the  influence  of  the  order  would  be  very  gradual,  the  number  of 
unprotected  soldiers  decreasing  year  by  year.  For  purposes  of  comparison, 
the  experiences  of  the  forces  in  the  Colonies,  India,  and  Egypt,  are  of  com- 
paratively little  use,  as  the  corresponding  rates  in  the  surrounding  population 
are  not  easily  obtainable.  We  had  therefore  best  look  for  information  to  the 
army  in  the  United  Kingdom.  The  statistics  for  the  forty-two  years,  1847-88 
inclusive,  are  given  in  the  second  Eeport  of  the  Koyal  Commission,  pp.  278-9. 
If  these  are  divided  into  three  periods  of  fourteen  years  each,  the  first  will 
represent  roughly — (1)  a  time  when  re-vaccination  was  not  insisted  on;  (2)  a 
time  during  which  the  army  was  being  gradually  transformed  into  a  re-vac- 
cinated force,  and  (3)  a  time  in  which  the  army  was  under  the  full  benefit  of 
the  practice  resulting  from  the  regulation  of  1859.  It  is  not,  however,  to  be 
assumed  that  every  individual  soldier  has  now  the  completest  protection  that 
xe-vaccination  can  afford.  Through  occasional  oversight,  through  occasional 
interference  with  the  success  of  the  operation  by  men  sucking  the  lymph 
irom  the  arm,  and  through  operative  failures,  there  is  still  an  unprotected, 


'  Boyal  Commission's  Report,  Q.  6791,  &c. 

*  Diagram  facing  p.  282  of  Royal  Commission's  Second  Report  (Appendix  No.  2). 

■^  Boyal  Commission's  Report,  Q.  2644. 
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and  especially  an  incompletely  protected,  residuum  in  the  army.   But  granting 
all  this,  the  following  figures  are  striking  enough  : — 

Table  showing  the  Mean  Admissions  and  Deaths  per  100,000  ^er  Anmimfrom  Small-pox 
amongst  the  Troops  in  the  United  Kingdmn  in  three  Successive  Periods. 


Period 

Admissions 

Deaths 

1847-60 
1861-74 

1875-88 

232 
84 
16 

18 
6 
1 

It  is  practically  impossible  to  get  for  comparison  with  these  rates  an  un- 
vaccinated  population  similar  in  age  and  character  to  the  army.  But  in  this 
connection  Dr.  A.  K.  Wallace,  an  opponent  of  vaccination,  has  pointed  out 
that  in  England  and  Wales  in  the  twenty-three  years  1860-82  the  mean 
small-pox  mortality  of  males  aged  from  fifteen  to  fifty-five  years  was  176 
per  milllion.  Thus  practically  the  same  rate  (18  per  100,000)  which  had 
prevailed  in  the  army  before  re-vaccination  was  enforced  there  continued 
to  prevail  (17'6  per  100,000)  in  the  generally  unrevaccinated  adult  male 
population  of  the  country  at  large  in  later  years,  while  the  rate  of  the  army 
under  re -vaccination  stationed  in  the  same  country  fell  to  6  in  1861-74,  and 
to  1  in  1875-88. 

The  Navy. — In  the  Navy,  compulsory  re- vaccination  dates  only  from 
March  7,  1871,  while  for  foreigners — Kroomen,  &c. — taken  on  at  ports  out- 
side the  United  Kingdom,  there  appears  to  have  been  no  compulsion  until 

Table  showing  the  Deaths  from  Small-pox  in  the  Hwne  Force  of  the  British  Navy  from 

1859  to  1889. 


Tear 

Mean  strength 

Cases  of 

Eatio  per  10,000  of  strength 

small-pox 

ljQ3ibnS 

Oases 

Deaths 

1859 

19,300 

51 

4 

26-4 

2-07 

1860 

23,500 

84 

12 

35-7 

5-10 

1861 

22,900 

35 

1 

15-3 

0-44 

1862 

20,760 

8 

1 

3-8 

0-48 

1863 

21,570 

39 

2 

18-0 

0-92 

1864 

19,680 

199 

9 

101-3 

4-58 

1865 

20,980 

18 

0 

8-6 

0-00 

1866 

21,200 

29 

0 

13-7 

0-00 

1867 

21,600 

30 

0 

13-9 

0-00 

1868 

23,200 

16 

0 

6-9 

0-00 

1869 

22,100 

8 

0 

3-6 

0-00 

1870 

21.000 

24 

0 

11-4 

0-00 

1871 

22,100 

67 

4 

30-3 

1-81 

1872 

23,000 

62 

9 

26-9 

3-91 

1873 

22,400 

7 

0 

3-1 

0-00 

1874 

22,500 

2 

0 

0-9 

0-00 

1875 

21,600 

1 

0 

0-4 

0-00 

1876 

20,800 

0 

0 

00 

0-00 

1877 

21,000 

2 

0 

0-9 

0-00 

1878 

19,000 

4 

0 

2-1 

0-00 

1879 

18,900 

0 

0 

0-0 

0-00 

1880 

22,370 

0 

0 

00 

0-00 

1881 

22,140 

4 

0 

1-8 

0-00 

1882 

19,160 

3 

1 

1-5 

0-50 

1883 

22,200 

1 

0 

0-4 

0-00 

1884 

18,570 

2 

0 

1-0 

000 

1885 

23,100 

2 

0 

0-8 

0-00 

1886 

21,800 

0 

0 

00 

0-00 

1887 

23,700 

0 

0 

0-0 

0-00 

1888 

24,000 

4 

0 

1-6 

0-00 

1889 

24,730 

0 

0 

0-0 

0-00 
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about  1879  or  1880.'  Once  more,  therefore,  the  home  force  of  the  navy 
furnishes  the  most  unequivocal  statistical  material.  Keeping  in  mind  that 
the  order  dates  only  from  1871— though,  of  course,  there  would  be  an  in- 
creasing amount  of  re-vaccination  before  that  date — the  figures  in  the  table 
tell  a  story  which  he  who  runs  may  read.  The  long  rows  of  noughts  in  the 
■columns  of  deaths  show  a  state  of  protection  which  has  been  equalled  only 
under  the  German  law  of  1874. 

In  '  Vaccination  Vindicated,'  the  author  wrote  as  follows  regarding  the 
army  and  navy  statistics  of  the  twenty-three  years  1860-82  :— 

*  The  year  1871  happens  to  stand  out  from  the  others  in  three  ways.  It 
was  the  year  of  chief  epidemicity ;  it  was  the  year  of  the  new  navy  regula- 
tions ;  and  it  was  the  middle  year  of  the  twenty-three,  there  being  eleven  on 
each  side  of  it.  It  may  therefore  be  taken  separately  as  in  the  following 
table : — 

Mean  Annual  Small-pox  Death-rate  per  Million  living. 


Years 

1860-70 

1871 

1872-82 

Army      ..... 
Navy      ..... 

105 
213 

210 
260 

44 
62 

'  These  figures  can  be  reasonably  interpreted  only  in  accordance  with  a 
iDelief  in  the  efficacy  of  re-vaccination.  Thus  between  the  earlier  and  the 
later  eleven  years  a  very  decided  decrease  is  observable  in  both  services.  But 
in  the  navy  the  decrease  has  been  much  greater  than  in  the  army,  because 
(1)  there  was  greater  room  for  decrease,  the  absence  of  compulsion  in  the 
navy  giving,  in  1860-70,  a  mortality  more  than  double  that,  of  the  army, 
and  (2)  there  was  greater  cause  for  decrease,  the  compulsory  order  intervening 
between  the  two  periods  in  the  former  case  and  not  in  the  latter.  In  the 
1872-82  period,  both  being  under  compulsion,  the  difference  is  much  less, 
though  the  hngering  effect  of  the  previous  (comparative)  laxity  is  still  invisible 
in  the  na^^  returns.' 

Small-pox  ^wrses.— Probably  no  class  of  the  community  is  so  much 
exposed  to  infection  from  zymotic  disease  as  the  nurses  in  fever  and  small- 
pox hospitals.  Eegarding  typhus  fever  nurses.  Dr.  Collie,  late  Superintendent 
of  Homerton  Hospital,  says  that  '  the  only  way  in  which  nurses  become  sea- 
soned against  fever  is  by  taking  the  disease,  which  they  all  do,  unless  they 
have  had  it  before.'     As  to  small-pox  nurses,  the  case  is  very  different. 

A  Vaccination  Committee  of  the  Epidemiological  Society  ^  reported  on 
the  facts  regarding  734  nurses  and  attendants  in  the  Metropolitan  Asylums 
Boards  Hospitals.  Of  the  734,  there  were  79  who  had  had  small-pox  pre- 
viously, and  none  of  these  were  infected  ;  645  had  been  re-vaccinated  before 
entering  on  their  duties,  and  the  whole  of  these  escaped  the  disease ;  the 
remaining  10  had  not  been  re-vaccinated,  and  every  one  of  them  took  small- 
pox. Surely  no  more  perfect  statistical  evidence  could  be  conceived  of  than  is 
.afforded  by  these  figures,  with  their  645  experiments  on  the  one  side  and 
their  ten  control  experiments  on  the  other.  Commenting  on  these  same  facts 
before  the  Vaccination  Commission,  Dr.  Thorne  said  :  '  Now  here  you  have 
people  hving  on  the  same  premises,  getting  the  same  food,  wearing  very  much 
the  same  quality  of  clothing,  having  the  same  water-supply,  the  same  sewer- 
.age,  the  same  drainage,  and  the  same  housing.  The  small-pox  absolutely 
passes  over  the  645  who  had  been  re-vaccinated,  and  deliberately  seizes  upon 
■every  one  of  the  ten  who  had  not  been  re- vaccinated.     Then,  on  the  other 

»  Staff-Surgeon  T.  J.  Preston,  Rorjal  Commissioner's  Second  Report. 
*  Transactions,  vol.  v.  New  Series. 
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hand,  as  regards  typhus,  which  has  been  referred  to,  there  are  a  number  of 
instances  in  striking  contrast  with  those  as  to  small-pox.  For  example,  here 
is  a  case  from  Newcastle-upon-Tyne,  whence  the  Medical  OflQcer  of  Health 
reports  that  during  1882  fourteen  nurses  were  employed  at  the  Newcastle- 
upon-Tyne  Infectious  Hospital  in  attendance  on  cases  of  typhus.  Of  the 
fourteen,  nine  contracted  the  disease  and  two  of  them  died.  In  the  adjacent 
pavilion  nine  other  nurses  were  in  attendance  on  small-pox  patients.  Of 
this  nine,  all  but  one,  who  had  recently  had  small-pox,  were  re-vaccinated 
before  coming  on  duty.  None  of  them  contracted  small-pox,  but  one  did  con- 
tract typhus.  Thus,  where  the  prophylactic  of  vaccination  was  applied,  it. 
absolutely  prevented  the  nurses  from  getting  small-pox  ;  where  no  such 
prophylactic  could  be  apphed,  that  is  to  say,  in  the  case  of  typhus,  one  of  the 
small-pox  nurses,  although  in  a  different  building,  did  contract  this  fever. 
Now  here  again  you  have  people  living  under  precisely  the  same  sanitary  cir- 
cumstances, drawn  from  the  same  class  of  life,  and  comparable  in  every  way 
but  one — some  were  purposely  protected  against  the  disease  with  which  they 
were  in  contact,  the  others  were  not.  Then  during  the  same  epidemic  th& 
Gateshead  Medical  Officer  of  Health  writes  :  "  Every  nurse  who  has  been  more 
than  a  fortnight  in  the  typhus  wards  has  suffered  from  typhus.  On  the 
other  hand,  the  only  officers  who  took  small-pox  were  two  kitchen  girls  whom 
I  neglected  to  vaccinate."  So  that  there  again  you  have  the  same  people 
living  under  the  same  sanitary  circumstances  ;  small-pox  deliberately  seizes 
upon  the  only  ones  whom  the  Medical  Officer  of  Health  had  forgotten  to  vacci- 
nate, the  others  passing  through  the  epidemic  scatheless.  That  sort  of 
evidence,  I  may  say,  is  to  be  found  in  many  an  Officer  of  Health's  report  from 
one  end  of  the  kingdom  to  the  other.     These  are  not  exceptional  incidents.' 

(4)  The  Modification  of  Small-pox  by  Vaccination. — We  come  now  to  a 
different  class  of  evidence.  From  various  detailed  sources  of  information 
Dr.  Abbott  ^  has  compiled  this  table,  showing  that  the  fatality  of  small-pox 
is  very  much  less  among  the  vaccinated  than  among  the  unvaccinated.    From 


Total  number 

Death-rate  per  100  cases 

Places  and  dates  of  observation 

of  cases 

observed 

Among  the 

Among  the 

unvaccinated 

vaccinated 

France,  1816-41           .         .        .         . 

16,397 

16-1 

1-0 

Quebec,  1819-20 

— 

27-0 

1-7 

Philadelphia,  1825       . 

140 

60-0 

Canton  Vaud,  1825-29 

5,888 

24-0 

2-2 

Darkehmen,  1828-29  . 

134 

18-8 

Verona,  1828-39 

909 

46-6 

5-6 

Milan,  1830-51 

10,240 

38-5 

7-6 

Breslau,  1831-33 

220 

53-8 

21 

Wurtemberg,  1831^-35^ 

1,442 

27-3 

71 

Carniola,  1834-35  "      ." 

442 

16-2 

4-4 

Vienna  Hospital,  1834 

360 

51-2 

12-5 

Carinthia,  1834-35       . 

1,626 

14-5 

0-5 

Adriatic,  1835 

1,002 

15-2 

2-8 

Lower  Austria,  1835     . 

2,287 

25-8 

11-5 

Bohemia,  1835-55 

15,640 

29-8 

5-2 

Galicia,  1836 

1,059 

23-5 

51 

Daknatia,  1836    . 

723 

19-6 

8-2 

London  Small-pox  Hospital 

,  183 

5-56 

9,000 

85-0 

70 

Vienna  Hospital,  1837-56 

6,213 

30-0 

5-0 

Kiel,  1852-53 

218 

320 

6-0 

Wurtemberg 

6,258 

38-9 

3-5 

Malta 

7,570 

21-1 

4-2 

Epidemiological  Society  Eeturns 

4,624 

23-0 

2-9       ;, 

Illinois         ...... 

1,331 

48-6 

6-1 

'  Op.  cii. 
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the  official  returns  for  Bohemia  for  the  twenty-one  years  ending  1855  he 
gives  another  table  showing  for  each  year  the  vaccinated  and  unvac- 
cinated  population,  the  sick-rate,  and  the  death-rate.  Of  the  vaccinated  the 
mean  annual  population  was  143,122,  the  cases  of  small-pox  389,  and  the 
deaths  20,  or  5*5  per  cent,  of  the  cases.  Among  the  unvaccinated  the  cor- 
responding figures  were,  population  4,221,  cases  355,  deaths  105,  or  29*6 
per  cent. 

The  Influence  of  Multiple  Marks. — No  fields  for  the  study  of  small-pox, 
and  of  its  course  as  affected  by  vaccination,  can  be  equal  to  those  furnished 
by  the  great  smaU-pox  hospitals.  Until  1871  there  was  only  one  small-pox 
hospital  in  London,  at  Highgate,  the  direct  successor  (though  on  a  different 
site)  of  the  original '  Hospital  for  Inoculation  and  for  SmaU-pox.'  Mr.  J.  F. 
Marson  succeeded  Dr.  Gregory  as  physician  to  this  institution,  and  his 
observations,  extending  from  1836-1867,  were  the  means  of  estabhshing  one 
•of  the  most  important  facts  within  our  knowledge  regarding  this  subject. 
He  proved  that  the  value  of  vaccination  as  a  mitigating  agency  in  cases  of 
attack  by  small-pox  depends  very  largely  on  the  thoroughness  with  which 
the  operation  has  been  performed,  this  thoroughness  being  gauged  by  the 
number,  extent,  and  character  of  the  cicatrices  left  by  vaccination.  Mr. 
Marson,  however,  was  not  the  first  to  form  this  opinion.  In  a  pamphlet 
pubhshed  in  Perth  in  1818,  and  entitled  'A  Few  Observations  on  the 
Efficacy  of  Cow-pox,'  by  James  Macfarlane,  M.D.,  it  is  urged  '  that  to  insure 
in  the  meantime  as  far  as  possible  the  full  force  of  the  cow-pox  action, 
vaccination  should  always  be  performed  with  at  least  two  if  not  with  three 
or  four  punctures,'  and  that '  one  only  of  the  vesicles  should  be  opened.'  ^ 

The  following  table  was  handed  in  by  Dr.  Thorne  in  the  course  of  his 
/evidence  before  the  Eoyal  Commission.  The  table  is  founded  (a)  on  in- 
formation given  in  the  36th  volume  of  the  Medico -Chirurgical  Society's 
Transactions,  by  Mr.  Marson,  as  the  result  of  his  observations  made  during 
sixteen  years  1836-1851,  in  3,094  cases  of  post-vaccinal  small-pox ;  (b)  on 
data  derived  from  Mr.  Marson' s  evidence  before  the  Vaccination  Committee 
of  1871,  based  on  a  further  experience  of  10,661  such  cases,  and  covering 
the  sixteen  years  1852-67  : — 


Cases  of  small-pox  classified  according  to  the  vaccLtiatioD 
marks  borne  by  each  patient  respectively 


Percentage  of  deaths 
in  each  class,  respec- 
tively uncorrected* 


1836-51        1852-67 


Percentage  of  deaths 
in  each  class  respec- 
tively corrected* 


1836-51     1    1852-67 


1.  Stated  to  have  been  vaccinated  but  having 

no  cicatrix  ...... 

2.  Having  one  vaccine  cicatrix  .... 

3.  Having  two  vaccine  cicatrices 

4.  Having  three  vaccine  cicatrices 

5.  Having  four  or  more  vaccine  cicatrices 


25-5 
9-2 
6-3 
3-6 
11 


40-3 

14-8 

8-7 

3-7 

1-9 


21-7 
7-6 
4-3t 
1-8 
0-7 


Unvaccinated 


37-5 


35-7 


35-5 


39-4 

13-8 

7-7 

30 

0-9 


34-9 


*  The  terms  uncorrected  and  corrected  are  used  to  signify  the  inclusion  or  exclusion  of  those  fatal 
oases  of  small-pox  in  which  the  patient  suffered  some  other  disease  superadded  to  the  smaU-pox. 
t  Should  be  4-13. 

The  figures  speak  for  themselves.  They  show  that  the  controlling  power 
of  vaccination  over  small-pox  is  in  very  close  relationship  to  the  number  of 
vaccine  marks  on  the  patient's  arm.  The  power  of  vaccination  to  protect 
against  fatal  smaU-pox  depends  on  the  amount  of  induced  vaccinia,  just  as 
in  old  days  the  benefit  from  variolation  was  indicated  by  the  extent  of  the 

'  This  pamphlet  is  in  the  Faculty  Library  at  Glasgow. 
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resulting  eruption ;  and  in  practice  the  united  area  of  four  good  vesicles  (about 
half  of  a  square  inch)  may  be  accepted  as  the  full  expression  of  the  vaccinal 
process,  just  as  a  small  or  moderate  amount  of  a  discrete  eruption  was  looked 
on  as  proving  that  variolation  had  done  its  prophylactic  work. 

It  will  be  seen  in  these  figures  that  the  unvaccinated  mortality  has  been 
practically  the  same  in  the  two  periods,  while  the  vaccinated  mortality  of 
«very  class  shows  an  increase  in  the  later  period.  The  explanation  is  to  be 
found  in  the  fact  that,  doubtless  owing  to  a  keener  search  for  cicatrices  in 
the  latter  period.  Class  1  includes  less  than  3  per  cent,  of  the  total  cases, 
against  over  9  per  cent,  in  the  former  period.^  The  difference  (over  6  per 
cent,  of  all  the  cases)  consists  of  very  imperfectly  marked  cases  which  had, 
on  the  one  hand,  a  lower  mortality  than  the  cases  said  to  be  vaccinated  but 
without  any  cicatrix,  and,  on  the  other  hand,  a  higher  mortahty  than  the 
definitely  marked  cases  in  Classes  2,  3,  4,  and  6.  The  transference,  in  the 
second  period,  of  these  badly-marked  cases  from  Class  1  to  Classes  2-5  had 
therefore  the  curious  effect  of  raising  the  percentage  mortality,  both  of  the 
class  from  which  they  were  taken,  and  of  the  classes  to  which  they  were 
transferred.  The  change  is  entirely  a  statistical  one,  and  does  not  represent 
actual  increase  of  fatality  in  any  of  the  classes. 

In  the  extent  of  his  experience  of  hospital  small-pox  in  this  country. 
Dr.  William  Gayton  comes  next  to  Mr.  Marson.  In  the  hospitals  of  the 
MetropoMtan  Asylums  Board  he  has  treated  not  less  than  10,403  cases, 
and  his  results  are  condensed  as  follows.^  The  table,  it  will  be  observed, 
classifies  the  marks  according  to  quality,  not  number,  and  is  specially  valu- 
a,ble  as  giving  the  facts  for  a  series  of  ages.  Gayton's  evidence  is  entirely 
confirmatory  of  Marson's. 


Ages 

Vaccinated  with 
good  marks 

Vaccinated  with 
imperfect  marks 

Vaccinatsd  but  no 
marks  visible 

Not  vaccinated 

Tears 

Cases 

Deaths 

Per 
cent. 

Cases 

Deaths 

Per 
cent. 

Oases 

Deaths 

Per 
cent. 

Cases    Deaths 

i 

Per 
cent. 

0-2 
2-  5 
5-10 
10-15 
15-20 
20-25 
25-30 
30-40 
40-50 
50 

4 

57 

206 

439 

606 

389 

189 

147 

29 

19 

0 
0 
2 
5 
12 
11 
12 
14 
4 
2 

0 
0 
1 
1 
2 
3 
6 

10 
14 
11 

32 

150 
532 
939 
1,037 
843 
529 
526 
186 
80 

3 

18 
27 
32 
66 
100 
80 
78 
33 
18 

9 
12 

S 

3 

6 
13 
15 
IS 
18 
22i 

22 
96 

207 
214 
205 
167 
116 
137 
85 
46 

9 

38 
40 
42 
39 
56 
35 
49 
24 
20 

41 
40 
19 
20 
19 
34 
30 
36 
28 
43 

276 
401 
510 
317 
204 
174 
105 
103 
49 
30 

181 
202 
180 
74 
86 
83 
56 
42 
21 
13 

66 
50 
35 
23 
42 
48 
S3 
41 
43 
43 

All  ages  . 

2,085 

62 

3 

4.854 

455 

9 

1,295 

352 

27 

2,169         938 

1 

43 

1 

Opponents  of  vaccination  sometimes  try  to  found  an  argument  on  the 
largeness  of  the  number  of  the  vaccinated,  compared  with  the  unvaccinated, 
that  enter  these  hospitals.  Obviously,  however,  the  numbers  have  to  be  calcu- 
lated as  a  percentage  of  the  vaccinated  and  unvaccinated  that  are  to  be  found 
in  the  communities  or  in  the  classes  from  which  the  hospitals  draw  their 
patients.  In  this  table  there  are  8,234  cases  with  vaccination  of  some  degree 
or  other,  real  or  nominal.  These  came  from  the  vaccinated  95  per  cent,  of 
the  population.  The  admittedly  unvaccinated  numbered  2,169,  and  they 
were  sent  in  by  the  unvaccinated  5  per  cent,  of  the  population.  Thus  a 
twentieth  part  of  the  population  furnished  fully  a  fifth  part  of  the  patients,  and, 

'  Select  Committee'' s  Report,  1871,  pp.  236-7. 

*  Vaccination  Vindicated,  p.  88,  also  Royal  Commission's  Second  Report,  p.  245.  The 
Report  also  contains  Dr.  Gayton's  figures  in  a  much  fuller  table. 
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taking  only  children  under  five,  the  nnvaccinated  twentieth  of  the  community- 
sent  in  677  cases,  while  the  vaccinated  nineteen-twentieths  sent  in  only  361 
cases.  Where,  as  at  Highgate,  there  is  a  hospital  admitting  a  large  number 
of  paymg  patients,  belonging  to  the  better  classes,  whose  children  have  pro- 
bably received  some  sort  of  vaccination  up  to  a  fraction  of  a  unit  per  cent,  of 
their  number,  the  proportion  of  '  vaccinated  '  admissions  is  bound  to  be  much 
greater  than  in  a  free  hospital.  This  remark  applies  also  to  an  outbreak 
occurring  in  any  country — as  Wurtemberg — where  vaccination  is  almost 
universal. 

The  Small-pox  Eruption  modified  by  Vaccination. — The  direction  in  which 
vaccination  acts  as  a  controlling  agent  in  the  severity  and  fataUty  of  small- 
pox is  chiefly  in  modifying  the  eruption.  The  death-rate  from  discrete  small- 
pox is  very  much  less  than  from  confluent  small-pox,  and  that  from  the 
malignant  or  heemorrhagic  form  of  the  disease  is  heaviest  of  all.  In  1872 
Dr.  Eussell  showed  this  by  a  diagram  in  his  Keport  of  the  experience  of  the 
Glasgow  hospital,  and  quite  recently  Dr.  Barry  has  demonstrated  the  same 
facts  in  the  Sheffield  hospitals  by  means  of  diagrams  similarly  constructed, 
and  of  which  one  is  here  reproduced.'  It  will  be  noted  that  each  square  in 
the  diagram  contains  100  smaller  squares,  so  that  these  latter  represent 
percentages. 

In  a  school  census  as  to  vaccination  marks,  taken  in  1863  by  Drs. 
Seaton  and  Buchanan,  they  found,  among  50,000  children,  that  of  everj 
1,000  children  having  no  vaccine  marks  360  were  marked  with  small-pox  ; 
that  of  1,000  with  one  vaccine  cicatrix,  6*8  had  marks  of  small-pox  ;  with 
two  cicatrices,  2-49 ;  with  three  cicatrices,  1*42 ;  and  with  four  or  more 
cicatrices,  0*67.^ 

The  influence  of  good  as  compared  with  inefiicient  vaccination  has  been 
looked  at  by  Dr.  Cory  from  another  standpoint.^  Among  persons  scarred 
with  small-pox  who  came  under  his  observation  at  St.  Thomas's  Hospital 
and  elsewhere,  he  noted  (1)  whether  there  had  been  any  previous  vaccination, 
and  (2)  if  so,  what  had  been  the  interval  between  vaccination  and  small-pox. 
In  147  cases,  88  were  admittedly  nnvaccinated.  The  5  per  cent,  of  the  nn- 
vaccinated population  had  thus  contributed  over  56  per  cent,  of  the  persons 
scarred  with  small-pox.  Next,  it  is  to  be  noted  that  the  average  age  of  the 
83  nnvaccinated  was  6" 6  years.  Of  persons  alleged  to  have  been  vaccinated, 
but  having  no  trace  left  of  the  operation,  there  were  nineteen.  The  average 
age  of  attack  had  in  these  cases  been  11*4  years.  With  distinct  vac- 
cination marks  there  were  47  cases,  and  the  age  of  these  when  attacked 
averaged  from  17"1  to  19'7  years,  according  to  the  number  of  vaccination 
marks  which  they  exhibited.  Commenting  on  these  figures.  Dr.  Thorne 
said  before  the  Eoyal  Commission  :  '  Here  you  have  people  drawn  from 
the  same  class  of  life,  living  under  much  the  same  sanitary  circumstances — 
for  they  were  nearly  all  London  people — and  the  difference  between  con- 
tracting small-pox  at  seven  or  at  nineteen  years  of  age  was  the  difference  of 
being  either  nnvaccinated  or  having  three  or  four  vaccination  scars.' 

(5)  The  Evidence  of  Small-pox  Epidemics. — The  value  of  vaccination  is 
to  be  learned,  not  only  from  the  general  absence  of  small-pox,  but  from  its 
occasional  presence.  From  epidemics  it  is  possible  to  observe  {a)  the 
prevalence  of  the  disease  in  countries  under  vaccination  laws  of  varying 
degrees  of  stringency,  and  [h)  the  behaviour  of  the  disease  towards  the 
vaccinated  and  imvaccinated  in  particular  communities. 

'  Diag.  K.  Appendix  4,  Eoyal  Commission's  Sccoiid  Reimrt, 
2  Parliamentary  Paper  No.  275,  Session  1881, 
^  Trans.  E;pidcni.  Sac,  vol.  viii.  N.  S. 
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Diagram  showina  tfve.  propartu)ro  of  ccuses  of  SttuxJL-pocx^  of  chfferenL 
types  'which,    occarre^  irv  per'scn^  of  tJue,       YajoaruubstL  " aruL    l/rwcccczruzted' 
cLcLSses   respeaCbveZy  at  ctLL  arhd'  oeri/:vLro  sp&czfie/i'  a^es  vrv  tJLe,  Wuxten  Stnext, 
CLTuL  SKeffoeLdL  Urojon,  Wor7chohcs&  MospjtaLs  . 


BorovLffTv  JfospitaL,  Winter  Street . 
UhRer  W  years     Aged^WoiruL        Aged^W  aruL       Agedb  3D  years 
ofcLge,.  TzncLer  W yecvrs .    under  30 years      aiuJL  upwards . 


- 

.  T 

•  g 

*  o 

^x 

• 

h 

.  "> 

•V 

x; 

^ 

All<WM 


Ycux-ijxicvbecL  CLobss  . 
UrtCLer  W years        Aged  W  and-        AgeoLW  aovd,  AgecL  30 years 

cP  ouae..  itnJderW ye/irs.      uruijer  30  years .     anxL  npyyards. 


ARcujee. 

?$il^KH 

.  .  •  .  S^xpqx  Rn 

■  .  •  W  jqjqyjx  ;cH 

*  \  )x  ^yVy^  ^91 

M?  ■v  ^A™q^^^^I 

aoSScb  ^v^Hi^^H 

^fl^B 

Unyaxxinxvbejcb  Class. 


CortfUxent. 


CchjErervb  ■  □  Discrete. .         Q    YcLrtoldixt 


SheffCelcL  Utvlott.   Wo-rlcJvoLLse.  HospiJtaL  . 
Under  10 years       Ane-d-  10  oLndL         Ac^eoL  ZCi  aruL      Aged,  30  years 

of  OLge  .  voider  ZO  years:,     jxruien  30  years,  caid  upwards .        AUL  aaes  . 


iTruLer  W  years    Ageci  W  arvd 
of  Off  e, .  nrvdjEr  W  years. 

■  ■ 


YaccLruxJjedy  djass 

1&L  WancL        Aged  30  yeajys         ...j 
^30  years,     and  upwards.     ALL 


Unvcuiicvnjated.   CLass . 


m      Con£JxJLerd^  (truHvLcLing  CoTierenL. 
B     Dtacretje,     (irvclujdXn^  AforzoZoixt. 

NOTE  .  Cases  'WvtJv  regard  to  yvhicTv  the,  HospitaJb  records  were, 
injoompleibe'  have'  net  heen,  incUuded  irv  thLe  diagr'a^n. , 


VOL.    II. 


G  G 


450  HYGIENE 

(a)  The  Epidemic  of  1870-73. — The  late  Dr.  Seaton,  in  the  Eeport  of  the 
Medical  Officer  of  the  Privy  Council  and  Local  Government  Board  for  1874, 
deals  with  the  epidemic  of  1870-3.  He  makes  the  mortality  of  children 
under  five  years  the  basis  of  an  interesting  comparison.  In  Scotland,  a 
compulsory  law  was  not  enacted  till  1863,  but  it  was,  as  regards  the  numbers 
who  came  under  its  sway,  a  very  efficient  law,  so  that  in  this  respect  Scotland 
was  better  off  than  England  as  to  children  under  five  years  old  at  the  time  of 
the  epidemic  under  consideration.  In  Prussia  the  law  was  very  lax.  The 
compulsory  age  was  one  year,  but  there  was  no  penalty  for  disobedience, 
except  in  the  event  of  subsequent  small-pox,  and,  naturally,  prosecutions  were 
seldom  undertaken  then.  The  result  was  that  in  Berlin  the  epidemic  found 
great  numbers  of  unprotected  children.  Hamburg  was  still  worse  off,  there 
being  no  compulsory  law,  the  only  enactment  on  the  subject  being  that 
children  without  certificates  of  vaccination  could  not  be  admitted  to  the 
'  schools  of  the  poor.'  In  Holland,  there  was,  says  Seaton,  no  vaccination 
law  whatever,  and  in  some  only  of  the  communes  had  children  to  be  vac- 
cinated before  admission  to  the  communal  schools.  These  five  populations, 
therefore — namely,  Scotland,  England,  Berlin,  Hamburg,  and  Holland — form 
descending  series  as  regards  vaccination  ;  and,  as  regards  small-pox,  the 
following  figures  show  that  they  form  an  ascending  series,  the  two  facts  of 
vaccination  and  small-pox  standing  exactly  in  an  inverse  ratio  to  each  other. 
The  death-rates  given  are  those  under  five  years  of  age  per  million  living  at 
all  ages;  this  standard,  though  not  perfect,  being  the  best  available  for  the 
comparison : — 

Scotland  (chief  towns),  1871-4 692 

London,  1870-2 •        .        •  1.180 

England,   seventeen  unions,   most   nearly  corresponding  with   the 

seventeen  chief  towns,  1881-4 1,180 

Berlin,  1871-2 3,448 

Hamburg,  1871-2 5,717 

Holland  (chief  towns),  1870-2    .        .        .        .        .        .        .        •  6,455 

Somewhat  similar  comparisons  for  the  years  1885-88  are  given  by  Dr. 
Edwardes  ^  for  a  number  of  Continental  countries  with  varying  vaccination 

laws. 

(&)  The  Montreal  Epidemic  of  1885.— In  Montreal  in  1885  there  occurred 
an  epidemic  whose  story  has  been  written  by  the  late  Dr.  Tomkins,  the 
Medical  Officer  of  Health  for  Leicester.^  The  population  was  167,000,  and 
though,  following  on  an  epidemic  in  1878-5,  public  vaccination  had  been  pro- 
vided since  1876,  yet  by  1885,  '  from  simple  neglect  on  the  part  of  large 
numbers  of  the  people,  who  were  really  not  opposed  to  the  operation,  a  con- 
siderable portion  of  the  children  of  Montreal  were  unvaccinated.'  The  first 
case  (an  imported  one)  occurred  at  the  end  of  February,  but  the  outbreak 
assumed  no  alarming  proportions  until  June.  By  the  end  of  the  year 
8,164  deaths  had  occurred,  and  at  onetime  as  many  as  1,723  infected  houses 
were  under  surveillance.  To  the  hospitals,  1,882  cases  were  admitted,  with 
a  mortality  of  418,  or  31-3  per  cent.,  as  compared  with  the  16  or  17  per  cent. 
which  is  now  the  rule  in  the  London  hospitals,  where  the  great  majority  of 
the  patients  are  vaccinated.  But  the  Montreal  hospital  mortality  was  thus 
not  far  removed  from  that  which  prevailed  in  the  last  century  in  the  old 
Small-pox  Hospital  of  London.^     Of  the  total,  805  were  unvaccinated,  of 

'  VMcination  and  Small-ijox,  by  Edward  J.  Edwardes,  M.D.  Lond.  1892. 
•  Lancet,  May  26,  1883.  '  Page  399,  ante. 
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whom  315,  or  39  per  cent.,  died  ;  and  527  were  vaccinated,  of  whom  103,  or 
19^  per  cent.,  died.  Again,  of  the  3,164  deaths  which  occurred  in  the  city  up 
till  December  31,  only  447  were  over  ten  years  old.  Thus,  of  1,000  deaths 
859  were  under  ten  years  old.  Once  more,  therefore,  we  have  an  approach 
to  last  century  experiences.  As  has  already  been  noted,  in  Geneva  in  pre- 
vaccination  times  961  deaths  in  every  1,000  were  of  children  under  ten, 
while  in  London,  in  a  recent  year,  only  86  per  1,000  of  the  vaccinated 
deaths  were  under  that  age.  Montreal  resembles  much  more  nearly  old 
Geneva  than  modern  London.  Once  more,  the  small-pox  death-rate  in 
Montreal  was  nearly  19,000  per  million  hving,  which  is  just  about  the 
rate  that  was  experienced  once  every  four  or  five  years  in  Kilmarnock  in  the 
last  century.  There  is  yet  another  resemblance.  The  total  births  of  the 
year  were  6,303,  and  the  total  deaths  were  7,825  (or  46-7  per  1,000,  as 
against  26-7  per  1,000  living  in  the  previous  five  years),  so  that  the  deaths 
largely  exceeded  the  births  ;  and  in  Kilmarnock  in  the  last  century  we  find 
the  same  thing,  for  in  seven  out  of  nine  epidemic  years  there  the  deaths 
exceeded  the  births.  Lideed,  in  regard  to'  its  small-pox  experiences,  Mont- 
real in  many  respects  carries  us  back  into  the  last  century, 

Sheffield  Epidemic,  1887-8. — The  last  epidemic  to  which  reference  need 
be  made  is  that  of  Sheffield  in  1887-8,  so  ably  reported  on  by  Dr.  Barry. 
The  first  point  to  be  noted  is  that  Sheffield  was,  as  regards  primary  vac- 
cination, in  a  very  good  position.  About  98  per  cent,  of  the  inhabitants  had 
been  once  vaccinated.  Now  the  fatality  of  modern  small-pox  is  a  mean 
between  that  of  the  two  classes — the  unvaccinated  with  a  high  fatality, 
and  the  vaccinated  with  a  low  fatality.  In  hospitals  this  often  brmgs  out 
a  mean  rate  of  about  16  to  18  per  cent.  About  79  per  cent,  of  Dr. 
Gayton's  cases  were  stated  to  have  been  vaccinated,  though  only  66  per  cent. 
bore  any  marks  of  the  operation,  and  the  total  mortality  of  his  cases  was 
17*4  per  cent.  But  in  Sheffield,  with  its  large  percentage  of  vaccinated,  the 
deaths,  including  those  of  the  unvaccinated,  were  only  9*7  per  cent,  of  the 
cases.  Opponents  of  vaccination  say  that  Sheffield  was  in  an  insanitary  con- 
dition. They  say  the  same  of  Montreal.  Let  this  be  granted,  and  we  have 
two  insanitary  cities,  one  ill-vaccinated,  with  a  fatality  (in  hospital)  of  31-3 
per  cent.,  and  the  other  comparatively  well  vaccinated,  with  a  fatality  (includ- 
ing both  private  and  hospital  cases)  of  9*7  per  cent. 

Sir  George  Buchanan  summarises  some  of  the  main  facts  regarding  the 
enumerated  population  in  the  Sheffield  epidemic  as  follows  : — 

{a)  Children  under  ten  years.  Among  the  vaccinated  the  attack-rate 
per  1,000  children  was  5  ;  among  the  unvaccinated  it  was  101.  The  death- 
rate  per  100  vaccinated  was  0*09 ;  among  the  unvaccinated  it  was  44. 
Therefore,  '  for  100,000  vaccinated  children  the  rate  of  small-pox  mortality 
actually  observed  in  Sheffield  gives  9  deaths.  For  100,000  unvaccinated 
children,  the  rate  of  small-pox  mortality  actually  observed  gives  4,400 
deaths.'  Among  children  livmg  in  houses  actually  invaded  by  small-pox 
the  attack-rate  per  1,000  of  the  vaccinated  was  78,  and  of  the  unvaccinated 
869 ;  while  the  death-rates  were  1  and  381  respectively. 

(6)  Among  persons  over  ten  years  old,  the  differences,  as  was  to  be  ex- 
pected, were  not  so  marked.  The  attack-rate  per  1,000  of  those  twice  vacci- 
nated was  3,  of  those  once  vaccinated  19,  and  of  those  not  vaccinated  94 ; 
while  the  corresponding  death-rates  were  0-08,  1,  and  51.  Therefore,  '  for 
100,000  persons  over  ten  years  old  and  twice  vaccinated,  the  rate  of  small- 
pox mortahty  actually  observed  would  give  8  deaths,'  for  those  once  vac- 
cinated 100  deaths,  and  for  those  not  vaccinated  5,100  deaths. 

(c)  Among  people  at  all  ages,  the  attack-rate  per  1,000  of  the  vaccinated 
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was  230,  and  of  the  unvaccinated  750,  while  the  death-rates  were  11  and 
372  exclusively. 

(6)  Illustrations  of  the  Influence  of  Vaccination. — The  above  is  a  mere 
sample  of  the  statistical  evidence  in  favour  of  vaccination,  and  on  such  a  sub- 
ject statistics  ought  to  have  greater  weight  than  any  other  kind  of  evidence. 
But  medical  men  meet  with  persons  who  will  not  take  the  trouble  to  study 
large  masses  of  figures,  and  who  excuse  themselves  by  the  easy  statement 
that '  statistics  can  prove  anything.'  For  people  '  who  prefer  illustrations 
to  statistics,'  Mr.  Preston-Thomas  writes  as  follows  in  the  '  National  Eeview  ' 
for  June  1889  : — '  At  Terrington  the  disease  appeared  in  a  house  occupied  by 
a  man  and  his  wife  and  seven  children.  According  to  the  statement  of 
Mr.  Seccombe,  the  medical  man  in  attendance,  the  wife  had  had  small- 
pox in  childhood,  the  husband  had  been  vaccinated  when  an  infant,  but 
was  an  ardent  anti-vaccinator,  and  had  allowed  only  one  of  his  children 
to  be  vaccinated.  All  the  family  were  attacked,  with  the  single  exception 
of  this  child,  who  escaped  altogether,  though  sleeping  in  the  same  room 
and  in  the  same  bed  with  some  of  the  others.  The  wife  and  two  of  the 
children  died,  the  four  unvaccinated  children  had  the  confluent  form  of  the 
disease,  and  were  much  disfigured ;  the  father  had  a  very  mild  attack,  and 
was  able  to  nurse  the  rest.  The  report  (December  1884)  of  a  coroner's 
inquest  in  Shoreditch  shows  that  small-pox  broke  out  in  the  house  of  a  deter- 
mined anti-vaccinationist,  and  his  three  unvaccinated  children  all  died.  In 
St.  George's,  Hanover  Square,  in  the  same  year,  a  report  of  the  vaccination 
officer  described  the  case  of  a  family  of  four  children  of  whom  only  one  was 
vaccinated,  and  this  one  alone  escaped.  At  Felling,  in  1882,  thirty-seven 
persons  caught  small-pox  ;  thirty-two  had  been  vaccinated,  and  all  but  one 
had  the  disease  in  a  modified  form  and  recovered,  the  exception  being  a 
woman,  whose  attack  was  complicated  by  bronchitis  and  pregnancy.  The 
other  five  were  unvaccinated,  and  four  of  them  died.  At  Hull,  in  1883, 
small-pox  broke  out  in  a  house  where  there  were  nineteen  lodgers.  Of  these, 
sixteen  were  re-vaccinated,  one  refused  re-vaccination  because  he  had  been 
vaccinated  in  his  youth,  and  two  others  also  refused,  though  they  had  never 
been  vaccinated.  The  last  three  caught  small-pox,  and  the  two  who  had  never 
been  vaccinated  died.  At  Billericay,  in  1883,  three  young  men,  one  unvacci- 
nated, the  others  vaccinated  in  infancy,  left  home  to  look  for  work.  About 
eleven  days  after  returning,  the  unvaccinated  man  fell  ill  with  small-pox, 
which  killed  him.  All  three  had  occupied  the  same  room  the  whole  time. 
The  vaccinated  men  escaped.  The  father  and  mother  of  the  unvaccinated 
man  refused  vaccination,  and  both  took  small-pox,  the  former  slightly,  and  the 
latter  severely.  At  Chatham,  in  1884,  in  a  household  consisting  of  father, 
mother,  and  three  children,  one  child  only  was  unvaccinated.  It  died  of 
small-pox.  At  Kimblesworth,  Durham,  there  was,  in  1885,  an  outbreak  of 
small-pox  which  attacked  thirty-five  vaccinated  and  three  unvaccinated 
persons.  The  latter  alone  died.  At  Hyde,  Cheshire,  in  1886,  there  was  an 
epidemic  of  small-pox,  by  which  122  persons  were  attacked.  All  those  vacci- 
nated recovered,  eighty-five  of  them  after  very  mild  attacks,  but  "  the  five 
fatal  cases  were  all  vnthout  exception  in  undoubtedly  unvaccinated  persons." 
At  Edenbridge,  in  188G,  four  nav\'ies  were  infected  from  a  case  so  mild 
as  not  to  be  recognised  as  small-pox.  Two  of  them  had  been  vaccinated, 
two  were  unvaccinated.  The  former  had  very  slight  attacks,  the  latter  died. 
At  Eowley  Eegis,  in  1883,  there  was  an  outbreak  which  extended  to  seventy- 
persons,  of  whom  fifty-four  were  vaccinated  and  sixteen  were  unvaccinated. 
Among  the  fifty-four  there  were  thirteen  confluent  cases,  with  one  death. 
Amoiig  the  sixteen,  there  were  fourteen  confluent  cases,  with  five  deaths.     At 
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Claygate,  Surrey,  in  1885,  small-pox  broke  out  in  a  household  consisting  of 
father,  mother,  three  sons,  four  daughters,  and  a  lodger.  The  eldest  son 
and  the  lodger  had  been  re-vaccinated,  and  the  second  son  had  been  once  vac- 
cinated. These  three  alone  escaped,  none  of  the  other  seven  had  been  vacci- 
nated ;  all  took  the  disease  in  a  severe  form  and  one  of  them  died. 

'  These  instances  (except  the  first  three)  have  been  taken  almost  at  random 
from  the  reports  of  medical  officers  of  health,  and  it  would  be  easy  to  add  to 
them  to  any  extent  from  the  same  source.' 


Oeneeal  Conclusions  EEGAEDiNa  Dubation  of  Vaccinal  Protection 

The  following  propositions  appear  to  me  to  be  deducible  from  the  know- 
ledge which  has  accumulated  up  to  the  present  time  regarding  vaccination 
and  small-pox  : — 

I.  Susceptibility  to  re-vaccination  or  variolation  returns  gradually,  sub- 
sequently to  vaccination. 

(i.)  At  first,  after  the  completion  of  the  vaccinal  process,  there  is  no  re- 
action to  local  insertion  of  virus,  either  variolous  or  vaccinal. 

(ii.)  By-and-by  a  certain  abortive  or  imperfect  reaction  is  possible — a 
shortened  cycle — a  spurious  pock. 

(iii.)  Still  later,  a  perfect  result  is  in  many  cases  obtainable.  In  children 
of  six  years  old,  Layet,  of  Bordeaux,  was  successful  in  about  40  per  cent,  of 
his  re-vaccinations.^ 

II.  SuscejJtibility  to  attack  by  small-jpox  increases  with  length  of  interval 
since  vaccination. 

Dr.  Barry's  Sheffield  report,  pages  181-2,  contains  the  following  figures : 


Age 

Attack  per  cent,  of  vacci- 
nated inmates  of  houses  in 
SliefBeld  invaded  by 
small-pox  * 

Age 

Attack  per  cent,  of  vacci- 
nated inmates  of  houses  in 
Sheflaeld  invaded  by 
small-pox  * 

0-5 

5-10 

10-15 

5-6 
9-9 

25-2 

15-20 
20-30 
30- 

41-3 

88-7 1 
17-0 1 

*  The  exposure  must  have  been  very  real,  as  the  great  majority  of  the  Sheffield  houses  "were  of  very  smaU 
size,  over  81  per  cent,  having  a  ratable  value  not  exceeding  111.  5s.  annually,  and  less  than  4  per  cent,  over  32Z. 
And  among  the  unvaccinated  persons  similarly  exposed  83  per  cent,  were  attacked  of  those  under  five  years, 
92  per  cent,  of  those  from  five  to  ten  years,  98  per  cent,  of  those  from  ten  to  fifteen  years,  and  86  per  cent,  of 
those  from  fifteen  to  twenty  years.  f  Probably  including  the  bulk  of  re-vaccinated  persons.    , 

III.  Stisceptibility  to  death  by  small-pox  increases  with  length  of  interval 
since  vacination. 

From  Dr.  Barry's  Sheffield  report,  pages  183-4,  we  take  the  following 
figures  : — 


Age 

Deaths  per  cent,  of  vacci- 
nated persons  attacked  by 
small-pox  in  Sheffield 

Age 

Deaths  per  cent,  of  vacci- 
nated persons  attacked  by 
small-pox  in  Sheffield 

0-5 

5-10 

10-15 

0-8 
2-2 
1-7 

15-20 
20-30 
30- 

1-9 

5-4 
10-6 

It  is  to  be  borne  in  mind  that  a  large  part  of  this  increased  death-rate  is 
not  due  to  lessening  influence  of  vaccination,  but  to  the  natural  law  of  small- 
pox fataUty,  by  which  the  rate  rises  from  the  third  quinquennium  of  Hfe 
onwards,  both  in  the  vaccinated  and  the  unvaccinated. 

'  Bapport  au  Conseil  Municipal  sur  le  Service  de  Vaccinations  et  Bevaccinations 
puhliques  pendant  Vannie  1884.     Par  M.  A.  Plumeau.     Bordeaux,  1884. 
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IV.  Besistance  of  the  vaccinated  to  attack  hy  small-pox  outlasts  resist- 
ance to  re-vaccination  or  variolation. 

The  data  here  are  scanty,  but  the  following  figures  may  be  compared  : 
A,  calculated  from  Layet's  tables  as  given  in  the  Bordeaux  Eeport,  and  B,, 
from  Dr.  Barry's  Eeport,  pages  181-2  : — 


A. 
Percentage  success  of  re- vaccinations 

B. 

Percentage  success  of  small -pox  attack  under 
exposure* 

Age 

Success 

Age 

Success 

6-10 
10-12 

42 
44 

5-10 
10-15 

9-9 
25-2 

*  See  note  to  Proposition  II. 

V.  Resistance  of  the  vaccinated  to  death  hy  small-pox  outlasts  very  con- 
siderably resistance  to  attack  hy  small-pox. 

This  is  shown  by  a  comparison  of  the  figures  already  given  under  II. 
and  III.,  relating  respectively  to  susceptibility  to  attack  and  susceptibility  ta 
death  by  small-pox. 

Percentages  as  given  in  II.  and  III. 


Age 

Attack 

Death 

Age 

Attack 

Death 

0-5 

5-10 

10-15 

5-6 

9-9 

25-2 

0-8 
2-2 
1-7 

15-20 
20-30 
30- 

41-3 

38-7* 
17-0* 

1-9 

5-4 

10-6 

*  Probably  including  the  bulk  of  re-vaccinated  persons. 

VI.  The  drift  towards  acceptance  of  attack  and  of  death  hy  small-pox  is 
much  slower  in  course  and  much  less  in  ultimate  amount  in  the  well  vaccinated 
than  in  the  hadly  vaccinated. 

This  is  illustrated  by  Dr.  Eussell's  Glasgow  tables,  showing  the  drift 
towards  severity  of  type  of  small-pox,  as  indicated  by  the  extent  of  the  eruption. 

In  Persons  with  good  Vaccination  Marks. 


Age 

Eruption 

Percentages 

Rare 

Copious 

Confluent 

0-9 

86 

14 

0 

10-19 

78 

18 

4 

20-29 

72 

24 

4 

30-39 

53 

41 

6 

*40- 

80 

10 

10 

In  Persons  with  had  Vaccination  Marks. 


Age 

Eruption 

Percentages 

Rare 

Copious 

Confluent 

0-9 

84 

8 

8 

10-19 

44 

42 

14 

20-29 

33 

40 

27 

30-39 

18 

35 

47 

140- 

9 

33 

58 

*  Pounded  on  only  11  cases  at  this  age. 


t  Pounded  on  only  12  oases  at  this  age. 
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VII.  The  rule  that  re-vaccination  should  he  performed  at  ten  to  tivelve 
years  of  age  is  not  founded  on  any  theory  that  primary  vaccination  has  then 
lost  its  protective  power. 

The  facts  are  strongly  against  such  a  belief.  The  Sheffield  evidence  goes  to 
show  (1)  that  from  five  to  ten  years  of  age  only  10  per  cent,  of  vaccinated  per- 
sons exposed  to  attack  by  small-pox  are  actually  attacked,  and  from  ten  to 
fifteen  years  25  per  cent.  (Proposition  II.) ;  and  (2)  that  from  five  to  twenty 
years  of  age  only  2  per  cent,  of  vaccinated  persons  die  of  the  disease  (Proposi- 
tion III.)  It  is  on  account  of  the  liability  of  the  25  per  cent,  to  be  attacked,  and 
of  the  additional  liability  of  2  per  cent,  out  of  this  25  per  cent.  (i.e.  0'5  of  the 
original  100  persons)  to  die,  that  re-vaccination  is  desirable  at  ten  years  of 
age.  The  power  of  infantile  vaccination  against  attack  by  small-pox  remains 
to  perhaps  at  least  one  half  of  its  original  extent  at  twenty  years  of  age  (see 
Proposition  II ;  at  ages  fifteen  to  twenty,  41  per  cent,  were  attacked  when 
living  in  invaded  houses) ;  and  its  power  against  death  exists  to  a  very  con- 
siderable extent  all  through  life,  as  abundantly  shown  by  the  statistics  of  the 
great  small-pox  hospitals. 

Anti- Vaccination 

Opposition  to  vaccination  has  been  excused  mainly  by  three  allegations : 
(i.)  That  vaccination  neither  prevents  nor  modifies  small-pox ;  (ii.)  that  it 
causes  other  diseases  ;  and  (iii.)  that  it  is  unnecessary,  as  small-pox  is  only 
slightly  infectious  and  can  be  prevented  by  isolation  in  hospitals. 

Anti- Compulsion. — Behind  these  objections,  however,  there  is,  in  the  case 
of  many  anti-vaccinationists,  the  political  doctrine  of  the  liberty  of  the  subject, 
which  has  probably  led  them  to  take  up  a  position  regarding  vaccination  itself 
that  their  common  sense  would  have  shown  them  to  be  untenable,  had  the 
question  not  been  for  them  resistance  rather  to  compulsion  than  to  vaccina- 
tion. Their  attitude  towards  compulsion  is  curiously  illustrated  in  connection 
with  what  they  call  the '  Leicester  system  '  of  sending  to  hospital  all  small-pox 
cases.  While  they  do  not  hesitate  to  point  to  Leicester  for  evidence  that  vacci- 
nation is  unnecessary,  they  are  as  much  opposed  to  compulsory  hospital  isola- 
tion as  to  compulsory  vaccination,  and  assert  that  it  is  voluntary  isolation  and 
not  compulsory  that  protects  Leicester — as  if  it  made  any  difi'erence  in  regard 
to  checking  an  outbreak  whether  cases  go  willingly  or  unwillingly,  provided  all 
of  them  do  go  to  hospital,  or  as  if  optional'  removal  to  hospital  would  have  any 
meaning  at  all  in  a  place  where  the  option  resulted  in  unanimous  refusal, 
instead  of  unanimous  acceptance,  of  the  isolation  in  question.  Excepting, 
however,  in  so  far  as  the  incidence  of  the  compulsory  laws  has  been  used  to 
illustrate  the  value  of  the  preventive  itself,  the  political  question  is  outside 
the  scope  of  this  article.  But  the  contentions  as  above  classified  fall  to  be 
referred  to  here. 

(i.)  Evidence  has  already  been  given  of  the  influence  of  vaccination  in 
protecting  against  both  attack  and  death  by  small-pox,  and  some  objections 
have  been  incidentally  dealt  with.  With  reference  to  a  contention  that  the 
diminution  of  small-pox  which  accompanied  the  introduction  of  vaccination 
was  due  to  the  gradual  cessation  of  inoculation,  it  has  been  shown  that  in 
places  where  inoculation  never  flourished,  the  practice  of  vaccination  had  the 
same  effect  as  elsewhere  on  small-pox  mortality.  And  the  difference,  which 
we  see  in  the  present  day,  long  after  the  abolition  of  variolous  inoculation, 
between  vaccinated  and  unvaccinated  communities,  between  vaccinated  and 
unvaccinated  portions  of  the  same  community,  and  between  vaccinated  and 
unvaccinated  members  of  the  same  families,  show  that,  independently  of 
inoculation,  vaccination  acts  in  opposition  to  small-pox.         * 
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Bearing  on  the  assertion  that  the  fall  of  small-pox  is  due  to  sanitation 
it  has  been  shown  that  other  diseases,  like  measles  and  whooping  cough, 
mainly  belonging,  like  pre-vaccination  small-pox,  to  childhood,  have  been 
practically  unaffected  by  sanitation  ;  and  that  the  group  of  agencies  to  which 
in  the  present  day  the  adjective  sanitary  is  usually  applied,  such  as  im- 
proved water  supply,  improved  excrement  removal,  increased  li^±Qg  room, 
and  better  ventilation,  have  had  then'  effect  less  on  zymotics  as  a  whole  than 
on  particular  diseases,  hke  cholera,  enteric  fever,  and  typhus,  whose  causes 
lie  in  the  particular  evils  which  these  agencies  are  fitted  to  combat.  At 
the  same  time  it  has  been  agreed  that  all  that  makes  for  cleanliness  in 
eating  and  drinking  and  breathing  has  a  good  influence  over  all  diseases  that 
trouble  the  human  body,  zjTxiotic,  constitutional,  or  local,  and  upon  small- 
pox among  the  rest.  Of  the  particular  agencies  which  have  been  mentioned, 
increased  living  room  and  purity  of  air  have  the  most  effect  against  small-pox. 
But  the  ventilation  which  will  extinguish  a  disease  like  typhus,  whose  virus 
cannot  travel  through  more  than  a  few  feet  of  pure  air,  must  have  much 
less  effect  on  variola,  whose  influence  may  extend  a  quarter  of  a  mile  or 
more  from  a  hospital  in  which  its  cases  are  congregated.  And  the  facts  that 
have  already  been  stated  regarding  the  age-incidence  of  small-pox  cannot  be 
sufficiently  explained  on  any  theory  of  sanitary  influence.  It  has  been  shown, 
too,  that  the  age  distribution  of  fever  has  been  in  no  way  altered  in  the  course 
of  the  great  decHne  of  its  mortality  as  a  result  of  sanitation. 

A  contention  has  been  made,  based  chiefly  on  Jurin's  statistics,  that 
small-pox  hospital  fatahty  is  practically  the  same  now  as  in  the  last  century. 
But  it  has  already  been  shown  that  Jurin's  statistics  have  nothing  to  do  with 
hospital  practice,  and  that  even  for  fatahty  rates  outside  of  hospitals  they 
are  of  Httle  or  no  value,  as  they  do  not  take  into  account  the  age  of  the 
patients,  and  do  not  include  cases  under  two  years  old.  It  has  also  been 
shown  that,  as  a  matter  of  fact,  small-pox  hospital  fatality  has  decreased  very 
greatly  since  the  last  century. 

It  is  alleged  that  the  percentages  of  vaccinated  and  unvaccinated  in 
modern  small-pox  statistics  are  unreliable,  partly  because  doctors  are  dis- 
honest ;  partly  because  the  unvaccinated  are  in  an  undue  proportion  a  weakly 
class,  whose  vaccination  has  in  many  cases  been  on  that  account  postponed, 
who  belong  to  the  poorer  part  of  the  community,  and  who  live  under  un- 
sanitary conditions ;  and  partly  because  it  is  impossible  to  distinguish  vac- 
cination marks  on  the  arm  of  a  patient  suffering  from  confluent  small-pox. 
The  first  reason  need  not  detain  us.  Eegarduig  the  second,  it  may  be  pointed 
out  that  only  about  one  per  cent,  of  children  have  their  vaccmation  postponed, 
that  the  postponement  is  usually  only  for  two  months,  and  that  it  may  be 
due  to  the  most  trivial  and  temporary  cause,  such  as  a  speck  of  eczematous  or 
other  eruption,  a  cold,  or  a  passing  derangement  of  the  bowels.  And  in  Sheffield 
Dr.  Barry  found  that  the  fatality  among  the  unvaccinated  richer  classes  was 
no  less  than  among  the  poorer  people,  hving  in  the  worst  surroundings. 

Eegarding  the  last  allegation,  that  vaccination  marks  cannot  be  distin- 
guished in  confluent  cases,  and  that  these  are  therefore  set  down  as  unvac- 
cinated. Dr.  Gayton  told  the  Koyal  Commission  that  it  was  quite  excep- 
tional for  cases  to  be  received  later  than  the  third  day  of  the  eruption, 
and  where  it  was  by  the  end  of  that  day  so  confluent  as  to  obscure 
the  marks,  the  cases  were  not  entered  as  unvaccinated,  but  as  *  vaccinated, 
without  evidence.'  In  reply  to  a  question  on  a  similar  point,  Mr.  Sweeting, 
late  Medical  Superintendent  of  the  Fulham  Hospital,  said  that  among  2,584 
patients  under  his  care,  in  only  three  or  four  were  the  marks  obscured, 
as  cases  usually  came  very  early,  in  the  papular  stage.     And  finally,  sup- 
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posing  that  in  any  published  hst  of  small-pox  cases  the  *  doubtful'  are 
added  to  the  vaccinated,  there  still  remams  to  them  in  regard  to  fatality  an 
enormous  advantage.  In  the  '  Encyclopsedia  Britannica,'  Dr.  Creighton  points 
to  Dr.  Vacher's  cases  in  an  epidemic  at  Birkenhead  in  1877,  where  80  per 
cent,  of  those  entered,  in  regard  to  their  vaccination,  as '  unknown,'  had  been 
reported  by  parents  or  others  to  have  been  vaccinated  in  infancy.  But  if 
he  had  taken  even  the  extreme  course  of  adding  the  whole  of  the  '  un- 
known '  to  the  '  vaccinated,'  he  would  yet  have  got  only  40  deaths  (or  9  per 
cent,  among  443  vaccinated,  agains  53  deaths  (or  73  per  cent.)  among  72 
not  vaccinated.  And  these  figures  had  been  published  in  that  form^ 
l)efore  the  Encyclopaedia  article  was  written. 

(ii.)  The  Alleged  Bisks  of  Vaccination.— The  following  list  comprises  most 
of  the  various  and  varied  evil  results  which  have  been  attributed  to  vac- 
cination at  one  or  another  time  and  by  one  or  another  person  : — 

Cow-pox  mange,  cow-pox  ulcer,  cow-pox  abscess,  and  cow-pox  mortifica- 
tion ;  the  transformation  of  the  human  countenance  into  the  visage  of  a 
cow  ;  physical  degeneration  of  the  species,  the  human  race  becoming  small, 
thin,  mean,  bald-headed,  and  short-sighted ;  mental  degeneration  as  shown 
in  every  walk  of  life— in  literature,  painting,  and  music ;  angioleucitis,  atrophy 
and  debility,  blindness,  boils,  bronchitis,  bullae,  cancer,  cellulitis,  cholera, 
convulsions,  delirium,  diarrhoea,  diphtheria,  dyscrasia,  eczema,  enteric  fever, 
erysipelas,  erythema  gangrenosa,  glandular  disease,  herpes,  impetigo,increased 
severity  of  measles  and  phthisis,  leprosy,  lichen,  marasmus,  meningitis,  para- 
lysis, pityriasis,  pneumonia,  prurigo,  pyaemia,  pyrexia,  rickets,  scaldhead, 
scarlatina,  scrofula,  septicaemia,  skin  disease,  syphiHs,  tabes  mesenterica, 
tuberculosis,  typhus  fever,  variola,  whooping  cough. 

Since  the  Eegistration  Acts  came  into  force,  they  have  been  appealed  to 
again  and  again  for  proof  of  the  dangers  of  vaccination,  and  various  statistical 
returns  have  for  this  purpose  been  obtained  through  members  of  Parha- 
ment.  At  no  time  has  such  inquiry  been  admitted  by  anti-vaccinators  to  be 
l)arren  of  results.  The  method,  indeed,  is  such  as  could  hardly  fail.  It  is 
safe  to  assert  that  at  any  given  time  there  will  be  found  some  diseases  which 
show  a  rising  mortality,  and  others  which  show  a  falhng  mortality.  The 
rise  can  be  attributed  to  vaccination,  and  the  fall  can  be  used  to  illustrate 
the  argument  that  some  diseases  have  diminished  without  any  such  aid  as 
vaccination,  and  that  so  might  small-pox.  The  weak  point  in  the  scheme  is 
that  maladies  which  at  one  time  may  be  rising  at  another  time  may  be  falling. 
The  pubUc,  however,  have  short  memories,  and  hence  we  find  that  while 
enteric  fever,  cholera,  and  scarlatina  are  at  one  time  exhibited  as  striking 
examples  of  diseases  whose  increase  is  due  to  vaccination,  at  a  later  date 
their  decrease  is  triumphantly  pointed  to  as  proof  that  zymotics  may  be  con- 
trolled independently  of  any  Jennerian  prophylactic.  Eecently,  indeed,  the 
allegation  has  taken  a  new  shape.  Decrease  of  enteric  fever  in  this  country 
is  still  held  to  show  that  vaccination  for  small-pox  is  needless,  but  at  the 
same  time  a  discovered  increase  of  enteric  fever  as  a  registered  cause  of 
death  in  India  is  adduced  to  show  that  vaccination  is  mischievous.^ 

Syphilis. — But  in  an  ocean  of  error  there  may  be  a  droplet  of  truth,  and 
so  it  is  here.  During  the  sittings  in  1871  of  the  Commons'  Select  Committee 
on  Vaccination,  the  attention  of  the  profession  was  arrested  first  by  one,  and 
immediately  afterwards  by  a  second,  series  of  cases  of  what  no  less  an 
authority  than  Mr.  Jonathan  Hutchinson  declared  to  be,  unmistakably, 
vaccinal  syphihs.      So  long  ago  as   1857  Mr.  Hutchinson,  in  reply  to   a 

'  Vaccination  Vindicated,  p.  71. 

^  Vaccination  Inguirer,  1892,  p.  108. 
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series  of  questions  issued  by  Sir  John  Simon  on  this  subject,  wrote:  'I 
believe  that  I  have  seen  four  or  five  instances  in  which  local  syphilitic- 
affections  (in  some  cases  followed  by  general  infection)  were  induced  by 
vaccination,'  But  from  that  time  till  1871  he  did  not  meet  with  a  single 
case,  either  at  the  Hospital  for  Diseases  of  the  Skin  or  elsewhere,  in  which 
he  had  any  reason  to  believe  or  suspect  that  syphilitic  disease  had  been  com- 
municated by  vaccination.!  Again,  since  1871,  Mr.  Hutchinson  has  been 
consulted  about  probably  nearly  every  case  of  syphilis  in  England  supposed 
to  be  due  to  vaccination,  and  in  1887  he  stated  that,  'though  he  had  been 
diligently  on  the  look-out  for  similar  cases  during  the  ten  years'  interval  (since- 
his  last  previous  case),  he  had  failed  to  meet  with  any.'  He  has  altogether  met 
with  about  six  instances  (including  those  of  1871)  of  children  from  whose  arms 
vaccine  lymph  has  been  taken  with  the  result  of  conveying  syphilis  to  about 
twenty-six  persons.  Two  or  three  other  single  cases  have  been  pubhshed 
by  others ;  and  about  eight  years  ago  a  medical  man,  after  several  unsuc- 
cessful attempts,  succeeded  in  inoculating  himself  with  syphihs  from  the 
vaccine  vesicle  of  a  child  developing  a  syphilitic  rash. 

Abroad,  cases  would  appear  to  be  much  commoner,  and  the  small- 
ness  of  the  number  that  have  occurred  in  Great  Britain  is  doubtless  largely 
due  to  a  more  careful  practice  of  vaccination.  But  while  the  danger  is- 
infinitesimal  it  is  real,  and  has  to  be  guarded  against  with  scrupulous 
care.  At  first  it  was  believed  by  Mr.  Hutchinson  and  others  that  blood 
must  have  been  inoculated  wherever  syphilis  was  produced.  But  while 
blood  is  to  be  studiously  avoided,  it  is  now  known  that  lymph  apparently 
pure  may  convey  the  syphilitic  poison.  The  precautions  to  be  observed  are 
those  laid  down  by  the  Local  Government  Board,  and  already  quoted.  The 
important  points  are,  a  sufficient  examination  of  the  body  of  the  vaccinifer,. 
the  use  only  of  clear  lymph  that  freely  flows  from  the  vesicles  without 
visible  admixture  of  blood,  and  the  avoidance  of  first  children  as  vaccinifers. 
Of  course,  in  private  vaccination  the  operator  will  usually  have  for  additional 
guidance  his  knowledge  of  the  family  history.  Where  parents  have  scruples 
on  the  subject,  calf -lymph  can  be  used — as  is  universally  done  in  Germany — 
without  the  faintest  possibility  of  syphilitic  contamination.  The  writer  has 
elsewhere  ('  Edin.  Med.  Jour.'  1889-90)  discussed  at  some  length  the  theory 
put  forth  by  Dr.  Creighton,  that  none  of  the  alleged  cases  are  really  syphilitic, 
it  being  impossible  to  transmit  such  a  disease  by  vaccine  lymph,  and  that 
the  symptoms  are  due  to  an  exhibition,  on  the  part  of  the  vaccine  sores,  of 
an  *  unconscious  memory '  of  the  original  cow-pox  from  which  they  had  been 
derived  perhaps  seventy  or  eighty  years  before. 

Statistics  of  Syphilis  Mortality. — That  the  increase  in  the  registration  of 
syphilis  as  a  cause  of  death,  which  the  public  records  show  to  have  been 
going  on  for  many  years,  depends  to  any  extent  on  the  practice  of  vacci- 
nation, is  a  groundless  supposition.  It  is  true  that  the  deaths  registered 
from  syphilis  in  children  under  one  year  old  in  England  and  Wales  were 
only  255  in  1847,  and  were  1,733  in  1874,  and  it  is  true  also  that  the 
greatest  proportional  increase  was  in  1854,  or  just  the  year  after  the  Com- 
pulsory Vaccination  Act  came  into  force.  But,  as  Mr.  Preston- Thomas  says,^ 
'  The  rise  between  1853  and  1854  is  easily  exphcable.  In  the  analysis  of 
the  death  certificates  of  1854  (as  will  be  seen  on  examination  of  the  Eegistrar- 
General's  reports),  a  new  plan  of  tabulation  was  adopted,  as  the  result  of  the 
Statistical  Congress  which  had  been  recently  held  at  Brussels  ;  and  a  large 
number  of  deaths,  which  had  before  been  unclassed,  now  began  to  be  relegated 
to  particular  diseases.  Thus  we  find  that  the  deaths  under  the  heading. 
>  Beport  by  Select  Committee  of  1871,  Q.  3,212.  ^  Uational  Review,  June  1889. 
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*  Causes  not  specified,'  which  had  been  6,900  in  1853,  dechned  to  5,663  in 
1854,  and  that  the  difference  of  1,287  was  distributed  over  different  headings. 
It  was  in  this  way  that  the  figures  in  the  column  for '  SyphiUs  '  were  swollen. 
As  to  the  gradual  rise  in  registrations  from  infantile  syphilis  and  its  alleged 
relationship  to  the  number  of  '  public  vaccinations  '  performed  in  England 
and  Wales,  it  is  to  be  noted  that,  taking  the  years  1852-1882  (with  the  excep- 
tion of  1872-3,  which  for  certain  reasons  are  not  comparable),  and  comparing 
each  year  with  its  predecessor,  on  twelve  occasions  an  upward  or  downward 
movement  of  vaccination  was  accompanied  by  a  movement  of  similar  direction 
on  the  part  of  syphilis,  and  on  seventeen  occasions  the  reverse  was  the  case — 
when  vaccinations  rose  syphilis  fell,  and  when  vaccinations  fell  syphilis  rose. 

The  writer  has  elsewhere^  shown  from  the  Eegistrar-General's  figures  (1) 
that  in  Scotland,  vaccination  not  being  compulsory  under  six  months,  no  less 
than  65  per  cent,  of  the  deaths  from  syphilis  at  all  ages  take  place  before 
the  age  of  vaccination,  and  that  in  the  second  half  year  of  Hfe,  or  im- 
mediately following  vaccination,  the  deaths  fall  to  11*6  per  cent.,  or  less  than 
one-fifth  of  those  in  the  pre-vaccination  half  year  ;  (2)  that  the  figures  for 
England  are  almost  identical,  though  the  law  enforces  earlier  vaccination 
than  in  Scotland  ;  (3)  that  while  the  percentage  under  one  year  of  age  of  the 
syphilis  deaths  at  all  ages  in  Scotland  has  increased  from  70  previous  to 
compulsory  vaccination  to  77  since  compulsory  vaccination,  the  whole  excess 
of  7  per  cent,  is  accounted  for  by  infants  under  three  months  of  age — the 
three  months  of  non-vaccination.  '  What,  then,  is  the  meaning  of  the 
increased  registrations  of  syphilis  as  a  cause  of  death  ?  In  elucidation  of 
this  question,  I  have  to  point  out  that  there  is  one  other  period  of  life 
besides  infancy  in  which  deaths  from  syphihs  show  a  great  proportional 
increase.  That  period  is  advancing  age.  If  we  divide  life  into  three  epochs — 
(1)  childhood ;  (2)  adult  life  up  to  fifty-five  years  ;  and  (3)  all  ages  over 
fifty-five — we  find  that  while  in  the  last  period  the  total  syphilitic  mor- 
tality is  much  smaller  than  in  the  others,  yet  in  the  last,  as  in  the  first  period, 
deaths  from  syphilis  have  considerably  increased.  Obviously,  vaccination 
can  have  nothing  to  do  with  this.  And  there  is  only  one  answer  that  will 
satisfy  all  the  facts  of  the  case,  namely,  that  the  change  to  a  very  large 
extent  depends  on  improved  knowledge  of  the  disease  by  medical  men.  It 
is  a  question  of  diagnosis.  The  symptoms  of  primary  and  secondary 
syphilis  in  young  adults  were  about  as  well  known  thirty  years  ago  as 
they  are  now ;  not  so  the  manifestations  of  congenital  syphilis  in  children 
and  the  obscure  tertiary  affections  of  later  life.  One  of  the  commonest 
results  of  congenital  syphilis  is  premature  birth.  That  fact  is  better  under- 
stood than  formerly,  and  some  fraction  of  the  enormous  decrease  (from 
1,043  per  1,000,000  in  1850-4,  to  476  per  1,000,000  in  1875-9)  in  deaths 
registered  from  this  cause  is  doubtless  due  to  the  substitution  of  the  term 
syphilis.  So,  too,  congenital  syphihs  may  cause  brain  disease  ending  in 
convulsions  ;  and  here,  again,  part  of  the  diminution  consists  of  a  transfer- 
ence of  deaths  from  convulsions  to  syphilis.  These  views  are  in  exact  accord 
with  what  we  have  already  discovered — that  it  is  in  the  first  three  months  of 
life  that  the  great  bulk  of  increase  has  appeared.'  ^ 

Leprosy.— In  this  country,  with  leprosy  almost  unknown,  the  question  as 
to  whether  it  can  be  conveyed  by  vaccination  is  hardly  a  practical  one.  But 
in  the  West  Indies  the  disease  is  largely  on  the  increase,  and  in  1887  the 
Governor  of  Trinidad  issued  a  circular  to  medical  men  there  asking  whether 
they  believed  it  to  be  communicable  in  this  way.  In  nearly  every  case  the 
reply  was  in  the  negative.     In  a  country  where  leprosy  is  so  common,  it  is 

*  Vaccination  Vindicated,  pp.  136-8.  '^  Ojp.  cit,  p.  139. 
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obvious  that  the  sources  of  fallacy  in  regard  to  any  alleged  instance  are  likely 
to  be  numerous,  while  the  theory  that  the  cause  of  the  disease  is  to  be  found 
in  bad  food  appears  fully  to  cover  the  facts  of  the  case.  In  New  Zealand, 
Sweden,  Norway,  and  Iceland,  leprosy  has  rapidly  diminished  coincidently 
with  the  spread  of  vaccination,  and  while  the  vaccination  age  in  British 
Guiana  is  six  months,  the  earliest  age  at  which  Dr.  Cartor  has  seen  the 
disease  there  is  eight  years. 

Erysipelas. — Most  practitioners  who  have  had  any  large  experiences  of 
vaccination  must  have  seen  occasional  cases  in  which  the  operation  has  been 
followed  by  erysipelas  ;  and  medical  men  who  have  only  a  slight  acquaintance 
with  the  practice  must  yet  be  aware  from  their  everyday  knowledge  of  the 
healing  of  wounds,  that  even  so  small  a  lesion  as  that  caused  by  vaccination 
may  have  this  untoward  complication.  The  usual  causes  having  to  do  with 
the  occurrence  are  faulty  constitution,  bad  hygienic  surroundings,  foul  lancets 
or  points,  dirty  vaccination  shields,  and  infection,  directly  or  indirectly,  with 
the  poison  of  the  disease.  In  Norwich  in  1882  several  cases  occurred  among 
the  children  vaccinated  on  one  particular  day  by  the  public  vaccinator,  and 
four  of  them  died ;  and  of  the  fifty  deaths  that  are  annually  registered,  as 
due  to  '  cow-pox  and  other  effects  of  vaccination,'  the  great  majority  have 
an  attack  of  erysipelas  for  their  immediate  cause — an  attack  which  in  many 
of  the  cases  might  have  come  on,  independently  of  the  vaccination,  after  the 
next  accidental  scratch  or  abrasion  of  the  skin.  The  likeliest  way  to  prevent 
erysipelas  from  following  vaccination  is  to  adhere  rigidly  to  the  rules  already 
quoted,  as  laid  down  by  the  Local  Government  Board. 

(iii.)  JsoZa^iow.— The  last  objection  to  vaccination  which  we  have  to  con- 
sider is  that  it  is  needless,  as  in  isolation  a  better  preventive  is  to  be  fouuad, 
without  any  of  the  disadvantages  of  the  Jennerian  prophylactic. 

Leicester. — The  argument  is  mainly  founded  on  the  experience  of  Lei- 
cester. But,  as  a  matter  of  fact,  Leicester  is  not  an  example  of  the  effects 
of  isolation  as  a  substitute  for  vaccination.  It  can  be  cited  only  as  an  ex- 
periment in  isolation,  plus  a  certain  amount  of  vaccination.  The  great  bulk 
of  the  inhabitants  of  Leicester  have  been  once  vaccinated.  It  is  the  children 
only,  or  rather  a  great  majority  of  them,  who  are  unprotected.  And  when 
a  case  of  small-pox  occurs,  the  arrangements  for  its  removal  are  under  the 
superintendence  of  the  Medical  Officer  of  Health,  himself  a  thorough  believer 
in  vaccination.  Naturally,  therefore,  he  sees  that  the  escort  which  conveys 
the  patient  to  the  hospital  outside  the  burgh  is  a  vaccinated  and  re- vaccinated 
escort,  and  that  in  the  hospital  the  patient  has  round  him  a  cordon  of  vac- 
cinated and  re-vaccinated  nurses  and  attendants  ;  so  far  as  possible,  too,  those 
who  have  been  in  contact  with  the  case  are  also  given  the  protection  of  vac- 
cination. Indeed,  isolation  of  infectious  disease,  whether  scarlatina,  typhus, 
or  small-pox,  is  meaningless  unless  an  administrative  cordon  of  insusceptible 
persons  is  available.  Not  only  so,  but  round  the  town  of  Leicester  itself 
there  is  a  wider  cordon,  consisting  of  the  fairly  vaccinated  millions  that 
inhabit  England.  And  since  the  Leicester  experiment  was  begun,  it  has 
not  been  subjected  to  the  test  of  any  general  epidemic  like  that  of  1870-3. 
After  it  has  passed  unscathed  through  such  an  ordeal,  it  will  be  time 
enough  to  talk  of  imitating  its  methods.  But  as  regards  the  legislative 
aspects  of  the  question,  under  compulsory  isolation  things  would  be  no 
better  than  they  are  at  present.  To  such  a  measure,  as  has  already  been 
noted,  there  would  be  as  much  objection  as  there  is  to  compulsory  vaccina- 
tion, and  the  writers  in  the  organ  of  the  Anti-Vaccination  Society  do  not 
hesitate  to  declare  that  they  are  antagonistic  to  the  one  compulsion  as  well 
as  to  the  other. 
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And  just  as  they  base  their  opposition  to  vaccination  largely  on  the 
Leicester  experiment,  so  they  would  point  to  Keighley  in  justification  of 
their  opposition  to  isolation.  For  in  that  town  there  is  neither  vaccina- 
tion nor  isolation,  and  yet  it  has  happened  to  remain  as  free  from  small-pox 
as  Leicester.  The  fallacy  of  founding  an  anti-isolation  argument  on  Keigh- 
ley is  no  greater  than  that  of  founding  an  anti-vaccination  argument  on 
Leicester.  In  the  same  way  it  would  be  open  to  argue  that  because  in  a 
battle  one  particular  soldier  had,  without  evil  consequences  to  himself,  dis- 
carded his  armour,  offensive  and  defensive,  therefore  the  whole  army  might 
safely  do  the  same. 

^  The  Future  of  Small-pox  and  Vaccination. — The  question  has  lately  been 
raised  by  an  opponent  of  vaccination,  whether,  independently  of  vaccination, 
small-pox  is  not  now  disappearing  from  this  country  just  as  the  plague  did 
about  the  end  of  the  seventeenth  century.  The  view  that  this  may  be  so 
is  largely  based  on  the  notion  that  small-pox  is  a  foreign  skin  disease  which 
took  on  infectivity  as  a  secondary  matter,  and  that  it  was  practically  un- 
known in  England  until  three  centuries  ago  or  thereby.  We  have  seen,  how- 
ever, that  this  opinion  is  entirely  erroneous.  And  in  past  times,  after  every 
epidemic  of  plague,  it  might  have  been  urged  that  the  outbreak  was  simply  the 
last  flare  of  the  candle,  and  that  the  disease  had  at  length  taken  itself  away 
for  good  and  all.  Nor  could  anyone  have  demolished  such  prophecies,  for 
indeed  the  only  demohtion  would  consist  in  the  reappearance  of  the  plague. 
But  ultimately  it  did  die.  And  it  will  not  do  to  assume  that  throughout 
the  world,  from  now  till  the  end  of  time,  small-pox  will  continue  to  rage  epi- 
demically unless  prevented  by  universal  vaccination.  Just  as  leprosy  has 
died  out  from  this  country,  and  is  even  now  dying  out  from  Norway  and 
Sweden  and  Iceland,  so  may  small-pox,  or  scarlatina,  or  measles,  or  any 
and  every  zymotic  disease  die  out  in  the  future  from  this  and  every  other 
land.  And,  quite  conceivably,  small-pox,  rather  than  either  scarlatina  or 
measles,  might  be  the  next  in  order  of  the  maladies  to  disappear  from 
the  civilised  world.  But  with  the  pandemic  of  1870-73  so  fresh  in  our 
memory,  with  such  outbreaks  as  those  of  Montreal  and  Sheffield  at  a  still 
more  recent  date,  with  the  evidence  we  have  of  the  undiminished  virulence 
and  fatahty  of  small-pox  wherever  it  gets  fair  hold  of  a  population,  and 
with  the  overwhelming  proofs  of  the  different  behaviour  of  the  disease  in  the 
present  day  as  between  vaccinated  and  unvaccinated  countries,  and  between 
the  vaccinated  and  unvaccinated  in  stricken  towns,  and  in  the  wards  of 
small-pox  hospitals— with  all  these  facts  before  us,  it  would  be  no  less  than 
madness  to  assume  that  the  time  has  yet  arrived  when  we  can  safely  afford 
to  loosen  the  bonds  with  which  Jenner  has  taught  us  to  restrain  the  ravages 
of  one  of  the  most  foul  and  loathsome  distempers  that  afflicts  the  human 
race  in  this  era  of  history.  When  small-pox  does  go,  the  world  will  be  well 
rid  of  it,  but  while  the  bane  remains  with  us,  so  also  must  remain  the  antidote. 

Chicken-pox 

In  the  article  on  small-pox  and  vaccination,  we  have  held  that  in  the 
last  century  modified  small-pox  often  presented  such  characters  as,  in  pre- 
sence of  the  then  prevalent  opinion  that  second  small-pox  was  an  impos- 
sibihty,  prevented  the  variolous  nature  of  the  attack  from  being  recognised 
or  accepted.  It  has  been  shown  that  the  adjectives  stone-,  water-,  wind-, 
crystalline,  verrucose,  &c.,  were  apphed  to  particular  forms  of  pocks,  accord- 
ing to  the  various  modifications  undergone  by  the  variolous  phenomena. 
Among  other  such  names,  we  often  meet  with  that  of  chicken-pox  or  vari- 
cella.    It  is  indeed  as  old  as  Ehazes,  and  it  is  manifest  that  very  often  it  has 
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been  applied  to  variolous  diseases.  Indeed,  it  was  not  uncommon  to  blame 
small-pox  after  inoculation,  on  the  use  of  varicella  in  mistake  for  variolous 
lymph  for  the  protective  operation.  Chicken-pox  so  called,  therefore,  was  an 
inoculable  disease.  Morton,  the  contemporary  of  Sydenham,  thought  it  a 
milder  kind  of  small-pox,  and  so  late  as  1792  Niedt,  of  Halle,  held  that  it 
arose  from  the  degenerated  matter  of  that  disease.  Nor  have  there  ever 
been  wanting  eminent  physicians  to  assert  the  oneness  of  the  maladies.  In 
1820,  Thomson,  of  Edinburgh,  argued  with  great  ability,  and  after  laborious 
research,  that  chicken-pox  was  simply  one  of  the  manifold  forms  of  modified 
small-pox,  and  still  later  Hebra  has  again  maintained  the  thesis  of  their 
identity.  It  may  be  surmised  that  the  particular  fact  which  must  have  formed 
the  basis  of  all  such  views  is  that  the  outstanding  characteristic  of  one  of  the 
forms  of  modified  small-pox  is  its  watery  or  vesicular  eruption.  And  looking 
to  the  fixity  of  epidemic  form  which  modifications  of  small-pox  have  oc- 
casionally assumed,  the  confusion  which  has  existed  is  not  to  be  wondered  at. 
Gee  '  states  that  Fuller,  in  1730,  was  the  first  to  insist  on  the  specific  dif- 
ference between  the  two  maladies,  but  it  was  Heberden  in  1767  who  really 
established  the  theory.  Even  Heberden,  however,  did  not  elicit  the  whole 
truth.  He  looked  on  chicken-pox  as  an  inoculable  disease,  and  it  was  left 
to  Bryce,  of  Edinburgh,  to  demonstrate  by  a  series  of  experiments  that  all 
attempts  at  its  inoculation  failed,  *  without  having  produced  even  a  vesicle 
on  the  arm  where  the  ichor  was  inserted.'     Trousseau  similarly  failed. 

The  period  of  incubation  has  been  variously  estimated.  Gregory  states 
it  at  from  four  to  six  days,  and  Trousseau  at  from  fifteen  to  twenty-seven 
days.  The  question  would  bear  further  investigation,  but  recent  opinion 
sets  it  down  at  about  a  fortnight. 

The  eruption  appears  without  any  previous  sickness,  or  at  the  most  with 
less  than  twenty-four  hours'  fever.  It  begins  on  any  part  of  the  body,  and 
is  added  to  irregularly  by  fresh  crops  for  four  or  five  days,  during  which 
time  the  constitutional  symptoms  are  equally  irregular,  both  as  to  severity 
and  intermittence.  The  vesicles  consist  of  a  single  cavity,  with  a  very  thin 
covering,  and  with  little  or  no  hardness  or  elevation  of  base.  Their  shape 
varies,  is  often  oval,  and  they  are  not  umbilicated.  They  increase  in  size, 
and  on  the  second  or  third  day  the  clear  watery  contents  become  more  or 
less  turbid.  Within  a  week  thin  crusts  form,  and  leave  no  cicatrix,  unless 
sores  have  been  caused  through  friction  or  other  maltreatment.  Chicken-pox 
and  small-pox  are  not  protective  the  one  against  the  other.  The  characters 
of  the  disease  are  very  constant,  neither  epidemics  nor  individual  cases  dif- 
fering much  from  each  other.  It  very  rarely  attacks  adults,  even  if  they 
have  not  suffered  from  an  attack  in  childhood.  In  727  cases  at  the  Children's 
Hospital,  177  were  in  the  first  year  of  life,  137  in  the  second,  78  in  the  third, 
100  in  the  fourth,  and  96  in  the  fifth,  after  which  the  numbers  rapidly 
diminished  to  seven  in  the  twelfth  year.     (Gee.) 

The  Eegistrar-General  annually  records  a  few  deaths  from  chicken-pox. 
Authors,  on  the  other  hand,  say  that  it  is  seldom  or  never  fatal  unless  from 
convulsions  or  concurrent  disease.  Dr.  Ogle  is  inclined  to  set  down  many 
of  its  recorded  deaths  to  small-pox.  But  there  has  probably  been  too  great 
tendency  to  assume  that  whatever  had  been  diagnosed  as  chicken-pox,  and 
afterwards  XDroved  fatal,  must  have  been  small-pox.  Very  likely  some — 
perhaps  nearly  all — of  the  deaths  registered  as  chicken-pox  were  not  due 
to  that  disease,  but  it  would  be  rash  to  conclude  that  they  were  all,  or  nearly 
all,  due  to  small-pox.  About  four  years  ago  the  writer  saw  in  consultation  a 
sudaminal  eruption  which  was  suspected  to  be  either  smaU-pox  or  chicken- 

'  Reynolds^    Medicine. 
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-pox,  but  which  really  depended  on  the  free  perspiration  accompanying  an 
attack  of  pneumonia.  Unless  where  the  appearance  on  the  skin  were  suffi- 
cient to  decide  the  question,  then  in  every  death  registered  from  chicken-pox 
it  would  be  necessary  to  make  a  post-mortem  examination  in  search  of  local 
disease  before,  by  exclusion,  the  fatality  could  be  attributed  to  variola.  It  is 
not  conceivable  that  confluent  small-pox  could  be  mistaken  by  any  medical 
man  for  chicken-pox.  It  is  only  cases  of  varioloid,  or  of  discrete  small-pox, 
that  could  be  confused  in  this  way.  Now  the  fatahty  of  discrete  small-pox 
is  only  about  one  per  cent,  in  children,  and  varioloid  is  practically  never 
fatal.  If  then  we  were  to  suppose  that  all  deaths  registered  from  chicken- 
pox  were  really  due  to  small-pox,  we  would  have  to  argue  that  for  every 
death  there  had  been  a  hundred  cases.  And  as  the  deaths  registered  from 
chicken-pox  in  the  year  1890  were  95,  we  would  be  forced  to  conclude  that 
in  that  year  there  had  been  9,500  cases  of  unrecognised  small-pox,  though  in 
the  same  year  only  16  deaths  were  registered  from  small-pox  recognised  as 
such. 

The  deaths  from  chicken-pox  from  1855  to  1887  inclusive  are  given  by  the 
Eegistrar-General  in  the  Vaccination  Commission's  first  Eeport  (p.  115). 
Prom  these  figures  the  rates  per  million  have  been  calculated  by  Dr.  Edwardes  ^ 
as  follows  :  8,  3,  2,  3,  2,  2,  2,  2,  3,  3,  2,  2,  2,  2,  3,  3,  3,  3,  3,  3,  5,  4,  5,  5,  4, 
4,  6,  4,  3,  4,  3,  3,  3.  The  actual  deaths  in  these  years  amount  to  1,420, 
which,  on  the  above  supposition,  would  represent  over  140,000  cases  of  un- 
diagnosed small-pox.  The  fact  that  in  the  small-pox  pandemic  of  1870-3 
only  the  average  number  of  chicken-pox  deaths  were  registered,  seems  to 
show  that  the  former  disease  is  not  often  set  down  as  the  latter.  And  if  it 
be  suggested  that  the  altered  age -incidence  of  small-pox  depends  in  any 
degree  on  the  registration  of  fatal  infantile  variola  as  varicella,  it  is  sufficient 
to  point  to  the  fact  that  in  these  pandemic  years  the  whole  of  the  deaths 
from  chicken-pox  might  be  added  to  those  from  small-pox  without  materially 
affecting  the  age  subdivisions  of  the  latter  disease. 

As  in  small-pox,  the  length  of  infectivity  of  chicken-pox  will  depend  on 
the  falling  of  the  crusts,  which  usually  become  detached  in  parts  rather  than 
entire.  After  exposure  to  infection,  a  quarantine  of  eighteen  days  before 
xe-admission  to  school  is  insisted  on  by  the  Association  of  Medical  Officers 
of  Schools — this  being  based  on  the  opinion  that  the  incubation  period  is  a 
fortnight. 

'  Op.  cit. 
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VITAL   STATISTICS 

"Vital  statistics  are  the  foundation  of  sanitary  effort,  and  the  basis  of  the 
"work  of  medical  officers  of  health. 

It  is  desirable,  therefore,  that  all  persons  interested  in  sanitary  science 
should  know  what  data  are  at  their  disposal,  and  how  to  use  safely  the 
various  statistics  placed  before  them. 

Most  of  these  figures  are  of  interest  mainly  as  tests  of  the  sanitary  con- 
dition of  the  populations  to  which  they  refer.  They  should  relate,  first,  to 
their  numbers  ;  second,  to  the  marriages,  births,  and  deaths  that  take  place 
amongst  them ;  third,  to  their  diseases,  fatal  or  not  fatal ;  fourth,  the 
■duration  of  their  lives  ;  fifth,  their  average  size  and  strength  ;  sixth,  their 
social  and  mental  condition. 

It  is  further  desirable  that  these  statistics  should  relate  both  to  the  past 
:and  to  the  present  time,  in  order  that  correct  comparisons  may  be  drawn 
between  them. 

On  all  these  points,  so  far  as  the  populations  of  the  United  Kingdom  are 
concerned,  we  possess  information  of  a  more  or  less  complete  character.  It 
will  be  necessary  to  indicate  its  sources  under  each  of  the  above-named  heads. 

1.  THE   CENSUS 

The  numbers  of  the  population  of  each  locality  in  Great  Britain,  and  the 
proportion  of  the  sexes,  have  been  ascertained  every  ten  years  since  the  year 
1801,  and  at  each  enumeration  attempts  have  been  made  to  obtain  some 
further  information  tending  to  throw  light  upon  the  social  condition  of  the 
jpeople. 

The  first  census  of  1801,  in  addition  to  the  numbers  of  inhabitants  of 
■counties,  hundreds,  and  parishes,  gave  the  number  of  houses  and  of  the 
families  by  which  they  were  occupied,  and  also  a  rough  statement  of  the 
occupations  of  the  people  under  the  three  heads  of  persons  engaged — 
1,  in  agriculture ;  2,  in  trade,  manufactures,  or  handicraft ;  3,  all  other 
persons.  It  also  included  a  return  from  parish  registers,  giving  in  each 
hundred  or  wapentake  of  England  and  Wales  the  number  of  baptisms 
and  burials  at  every  tenth  year  from  1700  to  1780,  and  in  each  year  after- 
wards, and  the  number  of  marriages  in  every  year  since  1753. 

In  1811  similar  information  was  obtained,  with  the  addition  of  the 
number  of  houses  building  and  the  number  uninhabited. 

In  1821  an  attempt  was  made  to  ascertain  the  ages  of  the  population  in 
^quinquennial  periods  up  to  twenty,  and  thence  at  decennial  intervals,  but  the 
result  was  unsatisfactory. 

In  1831,  whilst  the  classification  of  1811,  of  families  engaged  in  three 
Idnds  of  occupation,  was  retained,  a  furtlier  subdivision  of  all  males  over 
twenty  years  of  age  was  made  under  ten  distinct  categories. 

The  inquiry  as  to  ages  was  not  repeated,  beyond  the  distinction  of  males 
above  and  under  twenty. 

HH  2 


468  HYGIENE 

At  this  census  the  area  of  each  parish  and  township  was  given  for  the- 
first  time. 

At  the  census  of  1841  a  much  closer  classification  of  occupations  was  made,, 
the  whole  population  bemg  distributed  according  to  their  various  pursuits. 

In  1851  still  more  details  were  obtained  with  regard  to  the  various 
relationships  and  the  civil  conditijDn  of  persons,  and  the  number  blind,  deaf,  or 
dumb.  An  inquiry  was  also  made  as  to  the  accommodation  afforded  by  the 
various  churches  and  other  places  of  public  worship,  and  the  number  of  persons 
generally  frequenting  them ;  also  as  to  the  existing  educational  establish- 
ments and  the  actual  number  of  scholars  under  instruction. 

In  1861  there  were  no  returns  of  religious  worship  ;  otherwise  no  change 
was  made  in  the  form  of  the  census. 

In  1871,  in  addition  to  the  above-mentioned  details,  a  return  was  made  of 
idiots  and  Imiatics  at  large. 

The  census  report  for  1881  gave  the  age  and  sex  distribution  of  each; 
urban  and  rural  sanitary  district  as  constituted  in  that  year,  and  the  civil' 
or  conjugal  condition  of  the  population,  of  each  of  the  forty-seven  urban, 
sanitary  districts,  with  a  population  exceeding  50,000  persons. 

In  addition  to  the  above-mentioned  details,  the  census  of  1891  will  give- 
the  number  of  inhabited  and  uninhabited  houses,  and  the  number  of  houses 
containing  less  than  five  rooms — in  other  words,  the  amount  of  cottage 
property. 

DEFECTS   IN   THE    STATISTICS   FUENISHED   BY   THE   CENSUS 

*  It  is  necessary  to  bear  in  mind,  with  regard  to  all  census  statistics,  that 
they  are  in  England,  at  any  rate,  simply  the  tabulated  results  of  facts  fur- 
nished by  householders  in  their  schedules  on  the  enumeration  day.  The 
imperfect  education  of  a  large  proportion  of  householders  in  this  country 
necessarily  impairs  the  accuracy  of  much  of  the  information  collected,, 
especially  of  that  relating  to  occupations.  Other  causes  lead  to  inaccuracies 
in  the  return  of  the  ages  and  infirmities  of  the  population. 

'  Occupation  statistics  furnished  in  the  census  schedules  can,  for  instance, 
never  be  made  to  answer  the  purpose  of  a  thorough  industrial  census.  The 
difficulties  arising  from  double  and  indefinite  occupations,  from  the  confusion 
between  masters  and  journeymen,  and  between  those  actually  engaged  in, 
and  those  retired  from,  the  various  occupations  must  tend  to  depreciate 
the  value  of  this  branch  of  census  statistics  so  long  as  these  statistics  are  solely 
dependent  upon  information  supplied  in  householders'  schedules  '  (Mr.  Noel  A. 
Humphreys,  in  'Introduction  to  Dr.  Farr's  Memorial  Volume,'  pp.  5  and  6). 

As  Dr.  Eumsey  has  pointed  out  ('Fallacies  of  Statistics,'  p.  240,  imder 
the  head  of  Watch  and  Clock  Makers,  Order  X.  7),  no  distinction  is  made 
between  the  employer  and  the  employed  :  the  occupation  includes  men 
moving  in  the  higher  circles  of  society,  and  enjoying  every  comfort  of  life, 
as  well  as  artisans  dragging  on  a  weary  existence  in  crowded  and  impure 
tenements  in  densely  peopled  town  districts. 

Again,  as  to  the  ages  of  the  population,  it  is  certain  that  both  in  the  early 
ages  and  in  advanced  life  errors  are  often  made  by  the  persons  giving  in- 
formation. As  Dr.  Farr  has  pointed  out,  young  children  are  often  set  down 
by  their  parents  as  a  year  older  than  they  really  are.  Thus,  when  in  their 
first,  second,  or  third  year,  they  were  returned  as  one,  two,  or  three  years 
old ;  and  the  true  number  living  under  each  age  was  misstated  accordingly. 
In  the  first  year  of  life,  especially,  the  census  gives  much  too  low  a  figure, 
which  of  course  does  not  correspond  with  the  balance  of  births  over  deaths. 
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"in  tlie  register.  In  their  old  age,  also,  as  old  Fuller  puts  it,  people  are  apt 
'  to  set  the  clock  of  their  age  too  fast.'  Old  people  '  often  grow  ten  years  in  a 
twelvemonth,  and  are  presently  fourscore — yea,  within  a  year  or  two  after, 
they  climb  up  to  one  hundred.' 

In  middle  life  other  sources  of  error  on  this  point  are  apt  to  creep  in  ; 
for  instance,  in  the  tendency  of  some  women  to  understate  their  ages.  In 
the  census  report  for  1851  (vol.  i.  pp.  xxiii-iv),  Dr.  Farr  gives  an  instance 
•  of  the  mode  in  which  this  inaccuracy  was  detected.  He  there  compares  the 
figures  of  1841  with  those  of  1851,  and  points  out  that  persons  of  the  age  of 
twenty  in  1851  must  have  been  ten  years  old  in  1841,  and  persons  of  the  age  of 
twenty-five  in  1851  must  have  been  fifteen  in  1841 ;  and  as  there  is  a  certain 
loss  from  death,  it  is  evident  that,  excluding  the  effects  of  emigration,the  num- 
bers at  the  age  twenty  to  twenty-five  in  1851  should  be  less  than  the  numbers 
•living  at  the  ages  ten  to  fifteen  in  1841,  of  whom  they  (twenty  to  twenty-five) 
are  the  natural  survivors.  What,  then,  are  the  statements  which  the 
-abstracts  of  ages  express  ? 

1841.     The  number  of  girls,  age  ten  to  fifteen,  was        .        .     1,003,119 
1851.     The  number  of  young  women,  age  twenty  to  twenty- 
five,  as  stated  in  the  returns,  was  .        .         .     1,030,456 

Now,  as  the  first  number  would  never  have  swollen  in  the  ten  years  to 
the  magnitude  of  the  second,  we  are  driven  to  the  hypothesis  that,  in  1851, 
the  heads  of  families  returned  several  thousands  of  ladies  of  the  higher  ages 
.at  the  age  twenty  to  twenty-five. 

These  instances  will  sufiice  to  show  the  difficulty  of  drawing  conclusions 
dn  which  the  ages  and  the  occupations  of  the  population  are  involved. 

Another  serious  source  of  error  arises  from  the  long  interval  of  ten  years 
"that  elapses  between  the  enumerations  of  the  people. 

In  some  countries  the  census  is  taken  more  frequently :  thus  in  Denmark 
and  France  it  is  quinquennial,  in  Prussia  and  Belgium  triennial,  and  in 
Austria  every  year,  and  in  some  countries  a  more  elaborate  census  is  taken 
once  in  twelve  years.  In  England,  in  the  years  intervening  between  the 
-census,  it  is  necessary  to  calculate  the  probable  increase  or  decrease  of  the 
populations  of  the  several  towns  by  comparing  the  numbers  of  the  most 
ixecent  enumerations.  The  simplest  method  is  to  add  to  or  subtract  from 
"the  number  of  population  given  in  the  last  census  one-tenth  of  the  difference 
between  that  number  and  that  obtained  at  the  previous  census  for  each  year 
that  has  elapsed  since  the  last  census  ;  and  as  the  census  is  taken  in  the  first 
quarter  of  the  year,  and  the  population  is  required  at  the  end  of  the  second 
quarter,  it  is  needful  to  make  a  further  correction  of  one  quarter's  increase 
'Or  decrease. 

To  those  who  understand  the  use  of  logarithms,  and  who  possess  the 
necessary  tables,  it  is  still  easier  to  make  the  above  calculations  by  the 
logarithms  corresponding  to  the  census  numbers.^ 

'  This  method  is  fully  described  in  a  leading  article  in  the  Sanitary  Becord  for 
March  1879  ;  but  it  may  perhaps  be  of  service  to  give  an  actual  example,  such  as  that  of 
Norwich,  given  by  Dr.  Whitelegge  in  his  work  on  Hygiene  and  Public  Health,  pp.  462-3. 
The  population  of  this  town  in  1881  census  was  87,843 ;  to  make  the  estimate  for  1886 
{1)  find  the  logarithm  for  this  number  =  4*9437072,  and  (2)  deduct  from  it  the  logarithm 
for  80-386,  the  population  for  1871  =  4-9051804  ;  this  gives  (3)  0-0385268,  the  logarithm  of 
the  decennial  increase.  (4)  Dividing  by  10,  we  get  the  logarithm  of  the  annual  increase  = 
0-0038527.  (5)  Again,  dividing  by  4,  we  have  the  logarithm  of  the  quarterly  increase  = 
0-0009632.  (6)  By  adding  together  the  logarithm  of  the  1881  population  (1),  and  five 
-times  the  logarithm  of  annual  increase  (4),  and  the  quarterly  increase   (5),  we  get  the 
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In  some  towns,  such  as  Manchester,  an  attempt  is  made  by  the  medical 
officer  of  health  to  estimate  the  population  in  each  year  by  first  determining 
the  average  number  of  inhabitants  per  house  by  the  preceding  census,  and 
multiplying  this  by  the  number  of  occupied  houses  as  ascertained  from  the 
rates-books  :  none  of  these  methods  are  very  trustworthy.  Dr.  Eumsey,  in 
his  work  on  the  'Fallacies  of  Statistics,'  gives  the  following  table,  compiled 
by  Mr.  Presberg,  comparing  the  estimated  and  the  actual  populations  of 
sixteen  cities  and  boroughs  in  the  year  1871.  The  differences,  which 
are  usually  in  excess,  are  significant. 

Table  I. 


Towns 

Estimated  population 

Enumerated  popula- 

Excess or  defect  of 

in  middle  of  1871 

tion  by  census  of  187i 

column  1 

Portsmouth    .... 

125,464 

113,569 

+  11,895 

Norwich 

81,787 

80,386 

+ 1,401 

Bristol    . 

173,364 

182,552 

-9,188 

Wolverhampt 

3n 

74,438 

68,291 

+  6,147 

Birmingham 

378,574 

343,787 

+  34,787 

Leicester 

101,367 

95,220 

+  6,147 

Nottingham 

90,480 

86,621 

+  3,859 

Liverpool 

526,225 

493,405 

+  32,820 

Manchester 

379,140 

351,189 

+  27,951 

Salford  . 

123,851 

125,801 

-950 

Bradford 

148,030 

145,830 

+  2,200 

Leeds     . 

266,108 

259,212 

+  6,896 

Sheffield 

255,247 

239,946 

+  15,301 

Hull       . 

135,195 

121,892 

+ 13,303 

Sunderland 

103,037 

98,242 

+  4,795 

Newcastle 

136,293 

128,443 

+  7,850 

Dr.  Louis  Parkes  {'  Some  Aspects  of  Mortality  Statistics,'  '  Journal  of 
Public  Health,'  p.  97)  gives  a  table  illustrating  the  same  point.  In  the 
first  three  columns  are  given  the  census  figures  of  each  of  eight  London 
parishes  in  1861,  1871,  and  1881.  In  the  fourth  column  is  given  the  esti- 
mated population  at  the  end  of  the  first  quarter  of  1881,  the  calculation 
assuming  the  increase  or  decrease  observed  between  1861  and  1871  to  have 
continued  in  the  same  ratio  between  1871  and  1881. 


Table 

II. 

Census  returns 

Estimation 

Differences 

1861 

1871 

1881 

1881 

Paddington 

75,784 

96,813 

107,218 

123,677 

+ 16,459 

Kensington 

70,108 

120,299 

163,151 

206,422 

+  43,271 

Hampstead 

19,106 

32,281 

45,452 

54,541 

+  9,089 

St.  George's, 

Hanover  Sq.  . 

87,771 

90,028 

89,573 

92,343 

+  2,770 

Westminster     . 

67,890 

(5f3,050 

59,926 

64,260 

+  4,334 

Bethnal  Green  . 

105,101 

120,104 

126,961 

137,249 

+ 10,288 

Whitechapel      . 

37,656 

34,874 

30,709 

32,298 

+ 1,589 

St.  George-in- 

the-East. 

48,891 

48,152 

47,157 

47,227 

+  70 

Dr.  Eumsey  gives  also  an  instance,  in  the  case  of  the  borough  of  Brad- 
ford, in  which,  in  1861,  the  calculation  from  the  number  of  inhabited 
houses  and  the  average  number  of  their  mhabitants  resulted  in  an  error 
of  24,000  in  excess,  in  a  population  of  106,000  ;  and  another  respecting 

logarithm  of  the  1886  mid-year  population  =  4-9639339.  On  referring  to  the  tables,  the 
number  corresponding  to  this  logarithm  is  found  to  be  92,031,  which  is  the  estimated 
population  at  the  middle  of  the  year  1886. 
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Liverpool  of  an  excess  of  49,000  in  a  population  of  444,000.  Such  errors  as 
these  are,  as  Dr.  Trench,  of  Liverpool,  remarked, '  large  enough  to  falsify  all 
former,  and  to  render  doubtful  all  future  conclusions  on  our  rates  of 
mortality  when  calculated  from  estimates  of  population.' 

The  principle  of  these  calculations  really  involves  two  distinct  cases. 
The  census  being  taken  every  ten  years,  the  problem  is,  to  calculate  the 
population  in  years  when  there  is  no  census.  Our  only  resource  is  to 
assume  that  the  rate  of  increase  has  continued  uniformly.  Now  (1)  in  the 
past,  where  we  have  two  censuses,  one  at  each  end  of  the  ten-years  interval, 
there  is  Uttle  danger  of  error.  Thus  in  1843  we  assume  that  y^^ths  of  the  known 
total  increase  or  decrease  between  1841  and  1851  has  taken  place.  But  (2) 
in  the  present,  where  we  have  only  one  such  limit  at  hand,  the  error  may  be 
very  great.  For  example,  for  1888  we  assume  (as  before)  that  i^ths  of  the  total 
increase  between  1881  and  1891  will  have  taken  place,  Avhich  is,  probably, 
nearly  true.  But,  as  we  do  not  know  what  this  total  increase  is,  we  have  to 
call  in  another  assumption — viz.  that  the  rate  of  increase  between  1881  and 
1891  will  be  the  same  as  that  between  1871  and  1881.  It  is  this  double 
assumption  that  allows  so  much  error  to  arise. 

Another  method  of  checking  the  official  population  may  be  derived  from 
the  birth-rate  of  a  place.  If  we  assume  that  this  rate  remains  fairly  con- 
stant for  a  series  of  years  we  may  calculate  the  population  by  a  simple 
rule-of-three  sum.  Dr.  Newsholme  ('Elements  of  Vital  Statistics,'  p.  9) 
gives  the  following  example  :  — 

In  the  Wandsworth  district  the  average  birth-rate  for  the  ten  years 
1872-81  was  35-68  per  1,000,  and  the  number  of  births  in  1881  was  7,582  ; 
therefore  the  population  in  1881,  on  the  assumption  that  35*68  was  the 
birth-rate,  was 

-^r-"— 0. 

At  the  census  of  1881  it  was  actually  found  to  be  210,434,  a  difference 
of  Kttle  over  2,000. 

Although  a  medical  officer  of  health  is  obhged  to  accept  the  estimates 
of  the  population,  as  given  by  the  Eegistrar- General,  if  he  wishes  to  be 
able  to  appeal  to  his  authority,  it  would  be  well  for  him  to  check  his  results 
by  one  or  other  of  the  methods  described  above,  both  for  his  own  satisfaction 
and  for  the  information  of  his  local  board. 

The  only  certain  remedy  for  such  errors  as  have  been  pointed  out  would 
be  more  frequent  enumerations  of  the  number  of  inhabitants. 

The  following  table  gives  the  results  of  each  successive  census  since  1801, 
and  shows  the  enormous  increase  in  the  population  of  England  and  Wales, 
and  of  London,  in  the  present  century  : — 

Table  III. 


Population  in  England  and  Wales  and  in 

London  in  each  census 

England  and  Wales 

London 

Increase  in  England  and  Wales 

1801 

8,892,536 

958,863 

1811 

10,164,256 

1,138,815 

1,271,720 

1821 

12,000,236 

1,378,947 

1,857,980 

1831 

13,896,797 

1,654,994 

1,896,561 

1841 

15,914,148 

1,948,417 

2,017,351 

1851 

17,927,609 

2,362,236 

2,013,461 

1861 

20,066,224 

2,803,989 

2,138,615 

1871 

22,712,266 

3,254,260 

2,656,042 

1881 

25,968,286 

3,814,571 

3,256,020 
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It  would  be  an  important  addition  to  the  usefulness  of  the  census  if,  in 
addition  to  the  enumeration  of  the  population,  the  proportion  of  the  sick 
and  infirm  at  each  age  could  be  ascertained,  and  the  value  of  the  results 
would  be  greatly  enhanced  by  stating  the  numbers  suffering  from  each 
kind  of  infirmity  and  sickness,  not  only  the  numbers  of  the  blind,  deaf  and 
dumb,  idiotic,  and  insane — which  is  partially  obtained  now — but  also  the 
diseases  of  the  population  at  the  time  the  census  is  taken. 

This  course  was  actually  taken  in  the  census  for  1851  in  Ireland,  and 
the  results  were  afterwards  analysed  with  great  skill  and  with  much  advan- 
tage by  Surgeon  Wilde. 

It  is  highly  desirable  that  at  each  decennial  period  these  points  should 
again  be  inquired  into,  not  only  in  Ireland,  but  throughout  the  United 
Kingdom. 

THEOEIES   OP  POPULATION 

The  great  increase  that  has  taken  place  in  the  numbers  of  the  population 
in  the  last  eighty  years  opens  up  the  question  of  the  probable  eventual  over- 
crowding of  the  people  on  the  limited  area  of  the  British  Isles. 

The  doctrine  of  Malthus  was,  that  population  increases  naturally  in  a 
geometrical  progression,  or  as  1  . 2 .  4  . 8,  while  subsistence  cannot  increase  at 
a  faster  ratio,  in  the  same  time,  than  is  expressed  by  the  arithmetical  pro- 
gression 1.2.3.4,  .  .  .  and  the  checks  which  repress  the  superior  power  of 
population,  and  keep  its  number  on  a  level  with  the  means  of  subsistence,  are 
all  resolvable  into  moral  restraint,  vice,  and  misery. 

It  is  hardly  likely  that  the  instinct  of  humanity  will  be  so  dead  in  any 
man  that  he  would  propose  to  encourage  the  two  latter  '  checks  '  to  popu- 
lation, but  the  dread  of  over-population  may  possibly  render  men  lax  in 
preventing  a  mortality  that  they  think  may  perhaps  be  eventually  beneficial 
to  the  country. 

Dr.  Farr,  in  successive  letters  to  the  Kegistrar- General  and  in  census 
reports,  was  never  tired  of  combating  the  fallacies  involved  in  the  Mal- 
thusian  theory.  It  may  be  useful  to  medical  officers  of  health  in  dealing 
with  their  respective  boards  to  state  briefly  the  heads  of  his  argument : — 

1.  He  shows  that  if  the  constituent  roll  of  a  nation  is  reduced  too  low 
'  it  cannot  struggle  with  success  against  other  forms  of  life  in  nature ;  it 
cannot  hold  its  own  in  the  face  of  other  powers  ;  it  can  undertake  no  great 
concerted  operations  ;  the  quantity  of  life  is  lessened  on  the  earth,  and  the 
chance  is  diminished  of  the  rise  of  men  of  genius,  to  whom  the  world  owes 
progress  in  the  sciences,  discoveries  in  the  useful  arts,  and  triumphs  in  fine 
arts  and  literature.  Ill  effects  of  too  many  people  willing  to  work  can  for 
centuries  only  be  felt  when  they  are  blindly  crowded  in  particular  spots ; 
when  their  labour  is  not  organised ;  when  their  acquisitions  are  insecure  ;  when 
their  dwellings  are  dens ;  and  when  the  supply  of  subsistence  is  not  rendered 
continuous  and,  within  due  limits,  equal  by  storage,  by  commerce,  by  skilful 
distribution,  and  by  wise  laws.' 

2.  The  several  propositions  of  Malthus  were  neither  proved  nor  supported 
by  argument,  and  they  are  contrary  to  experience  ;  for  a  large  part  of  sub- 
sistence is  the  product  of  industry,  and  increases  in  proportion  to  the  numbers 
of  civilised  men.  In  Great  Britain  the  means  of  subsistence  have  increased 
faster  than  the  numbers  of  the  people  ;  for,  while  the  population  has  doubled, 
the  value  of  capital  has  quadrupled.  Her  produce,  which  in  the  present 
state  of  commerce  is  always  convertible  into  the  means  of  subsistence,  has 
probably  not  increased  at  a  lower  rate  ;  no  one  can  pretend  that  the  ratio  has 
been  arithmetical. 
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Again,  the  increase  of  the  population  is  subject  to  no  inexorable  law,  for 
it  is  controlled  by  many  influences,  such  as  the  prudence  of  the  citizens. 
Bad  harvests  and  bad  trade  always  diminish  the  number  of  marriages  ; 
education  and  the  cultivation  of  the  intellect  diminish  the  rate  of  increase,  and 
hy  encouraging  higher  ideals  postpone  the  date  of  marriage.  If  necessary, 
legal  enactments  may  intervene,  as  in  Switzerland  ;  but  for  the  present  there 
is  no  need  to  discourage  the  expansion  of  the  population  of  England :  her 
colonies  are  in  need  of  more  inhabitants,  her  industrial  enterprises  of  more 
workpeople.  '  Every  master  knows  that  good  men,  and  every  man  that 
.good  masters,  are  scarce.' 

'  The  theory  is  as  misleading  in  practice  as  it  is  defective  in  statement. 
It  assumes  that  the  restraint  of  population  is  the  corner-stone  of  policy. 
Had  this  principle  been  accepted  by  the  people,  the  population  of  the 
kingdom,  instead  of  amounting  to  32,000,000,  would  have  remained,  as  it  was 
at  the  beginning  of  the  century,  16,000,000.  England,  in  the  presence  of 
the  great  Continental  States,  would  have  been  now  a  second-rate  power  ;  her 
dependencies  must  have  been  lost ;  her  colonies  have  remained  unpeopled ; 
her  industry  crippled  for  want  of  hands ;  her  commerce  limited  for  want 
of  ships.  And  logically  it  leads  to  the  policy  of  depopulation ;  for  if 
increase  causes  misery,  decrease,  by  parity  of  reasoning,  causes  happiness, 
this  principle  of  population  being  the  fewer  the  happier.  It  is  a  policy  that 
'diminishes  the  numbers  of  the  wise  and  the  good,  but  has  no  effect  on  the 
jnasses.' 

2.  STATISTICS   OF   MOBTALITY  AND  EEPRODUCTION 

The  next  great  group  of  vital  statistics  contains  those  drawn  from  the 
■records  of  marriages,  births,  and  deaths,  and  it  is  only  in  recent  years  that 
these  have  been  in  any  sense  of  the  term  complete. 

'  In  the  earliest  dawn  of  the  nation,  the  English  inquired  into  the  causes 
■of  death,  with  a  view  to  discovery  and  prevention.  The  protection  of  life 
was  a  fundamental  principle  of  their  laws.  It  was  as  much  an  object  of 
their  political  organisation  as  national  defence  or  war.  And  the  dead  body, 
it  was  held,  called  for  the  coroner's  inquest  whenever  death  was  sudden,  or 
Tiolent,  or  in  prison.'  But  this,  it  will  be  seen,  was  only  a  very  partial  and 
limited  inquiry. 

(a)  BILLS   OF   MORTALITY 

Towards  the  end  of  Queen  Elizabeth's  reign  (1592)  the  London  bills  of 
mortality  were  commenced,  and  similar  records  were  kept  in  all  the  parishes 
of  the  kingdom.  These  were  abstracts  of  all  the  burials,  baptisms,  and 
marriages  therein  taken  place.  Persons  were  also  appointed  to  view,  before 
they  were  suffered  to  be  buried,  the  bodies  of  all  who  died,  and  the  probable 
'disease  of  which  each  individual  died  was  recorded  and  returned  every  week. 
Captaia  Grant '  thus  describes  this  remarkable  series  of  tables  : — 
'  When  anyone  dies,  then,  either  by  tolling  or  ringing  of  a  bell,  or  by 
bespeaking  of  a  grave  of  the  sexton,  the  same  is  known  to  the  searchers, 
corresponding  with  the  said  sexton.  The  searchers  hereupon  (who  are  ancient 
matrons  sworn  to  their  office)  repair  to  the  place  where  the  dead  corpse  lies, 
and  hy  view  of  the  same,  and  by  other  inquiries,  they  examine  by  what 
■disease  or  casualty  the  corpse  died.     Hereupon  they  make  their  report  to 

'  Quoted  by  Dr.  Farr  from  Natural  and  Political  Observations  iipon  the  London  Bills 
i©/'  Mortality,  5th  edition,  1676. 
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the  ixirish  clerk,  and  he,  every  Tuesday  night,  carries  in  an  account  of  all 
the  burials  and  christenings  happening  that  week  to  the  clerk  of  the  halL 
On  Wednesday  the  general  account  is  made  up  and  printed,  and  on 
Thursday  pubhshed  and  dispersed  to  the  several  families  who  will  pay  four- 
shillings  per  annum  for  it.' 

The  defects  of  these  returns  were  that  frequently  baptisms  did  not  take- 
place  ;  certain  sects  also  only  baptized  adults.  Dissenters'  burials  were  not 
included ;  and  the  clerks  of  many  parishes  made  no  returns,  or  only  made 
them  irregularly.  Even  when  complete,  the  bills  gave  no  information  about 
the  population  of  the  towns  and  counties  of  the  whole  kingdom. 

Notwithstanding  these  shortcomings,  certain  of  the  returns  were  used 
for  the  purpose  of  compiling  life  tables  for  the  use  of  insurance  companies. 

The  most  remarkable  of  these  tables  are  those  of  Northampton  and  Car- 
lisle. The  former  was  compiled  by  Dr.  Price,  from  the  All  Souls'  bills  of  mor- 
tality, between  the  years  1735  and  1780.  It  comprised  4,689  deaths,  but  it 
takes  no  note  of  possible  immigration  into  the  town,  and,  for  the  cause  above 
mentioned,  the  children  of  Baptists  were  not  counted.  Males  and  females 
are  not  distinguished. 

Dr.  Farr  afterwards  constructed  a  true  life-table  for  Northampton,  and 
shows  that  the  result  of  the  above  errors  was  that  the  after  lifetime  of  a 
person  aged  twenty  was  only  reckoned  at  thirty-three  years,  whilst  by  the 
true  table  it  would  be  forty  years. 

In  calculating  the  value  of  an  annuity  of  1,000Z.,  at  the  age  of  thirty  the 
price  to  be  paid  by  the  true  table  would  be  19,081L  ;  by  Dr.  Price's  table  it 
would  be  only  16,911Z.,  a  loss  to  the  insurance  company  of  2,170L 

The  Carlisle  table  was  constructed  by  Mr.  Milne  from  two  enumerations- 
of  the  population  of  the  parishes  of  St.  Mary  and  St.  Cuthbert,  Carlisle  ; 
the  first  in  January  1780,  when  the  inhabitants  were  7,677,  and  the  second 
in  December  1787,  when  the  inhabitants  amounted  to  8,677,  namely,  3,864 
males  and  4,813  females.  The  deaths  in  the  two  parishes  were  1,840— males 
881,  females  959— in  the  nine  years  1779-1787. 

This  table  was  more  correct  than  the  other,  but  it  was  too  limited  in 
the  numbers  observed  to  be  trustworthy,  and  it  took  no  account  of  the  large 
number  of  servants  present  amongst  the  population,  most  of  whom  emi- 
grated from  the  town  before  death. 

(6)  THE  EEGISTEAE-GENERAL'S  EETURNS 

After  the  passing  of  the  Eegistration  Act  in  1837,  regular  returns  were 
made  throughout  the  country  of  marriages,  births,  and  deaths. 

They  are  now  collected  by  more  than  two  thousand  registrars  and  super- 
intendent registrars,  and  after  revision  by  the  officials  in  the  Eegistrar- Gene- 
ral's office  they  are  published  in  his  annual  report,  quarterly  and  weekly 
reports  of  certain  of  the  particulars  of  the  returns  being  also  published. 

The  returns  of  marriages  contain,  in  addition  to  the  names  of  the  husband 
and  wife,  their  ages  and  residence ;  and  note  is  taken  of  the  cases  in  which 
the  necessary  signature  is  made  by '  mark,'  a  sort  of  test  of  educational  capacity. 

The  returns  of  births  give  the  sex,  the  date  and  place  of  birth,  the 
number  of  births,  their  legitimacy  or  otherwise,  and  the  residence  of  the 
parents. 

The  registers  of  deaths  give  the  name  and  residence  of  the  deceased,  the 
date  and  place  of  death,  and  the  primary  or  secondary  causes  of  death,  with 
occasionally  the  duration  of  the  fatal  disease. 

From  these  data  a  multitude  of  tables  are  drawn  up  in  the  Registrar- 
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General's  office,  the  details  and  comparisons  given  varying  somewhat  in 
each  report.' 

Some  statistics  are  also  given  relating  to  foreign  countries  for  purposes- 
of  comparison. 

NOMENCLATUEE   AND    CLASSIFICATION    OF   DISEASES 

The  names  given  to  the  several  causes  of  death,  in  the  Registrar- 
General's  tables,  are  as  far  as  possible  those  adopted  by  the  Royal  College  of 
Physicians  of  London,  and  revised  by  them  in  1885  ;  but  in  the  grouping  of 
these  diseases  they  are  tabulated  as  much  as  is  practicable  in  reference  to- 
their  probable  source  outside  the  body  ;  thus  there  are  eight  chief  divisions, 
each  with  sub-sections. 

1.  Febrile  or  zymotic  diseases,  including,  1, — miasmatic  diseases,  such  as- 
small-pox,  chicken-pox,  measles,  rose-rash,  scarlet  fever,  typhus,  relapsing 
fever,  influenza,  whooping  cough,  mumps,  diphtheria,  cerebro- spinal  fever,, 
simple  or  ill-defined  fever,  enteric  fever. 

2.  Diarrhoeal  diseases— cholera,  diarrhoea,  dysentery. 
8.  Malarial  diseases — remittent  fever,  ague. 

4.  Zoogenous  diseases — hydrophobia,  glanders,  splenic  fever,  cow-pox,  and. 
other  effects  of  vaccination. 

5.  Venereal  diseases — syphilis,  gonorrhoea,  stricture  of  urethra. 

6.  Septic  diseases — phagedena,  erysipelas,  pysemia,  septicaemia,  puerperal, 
fever. 

II.  Parasitic  diseases — thrush,  hydatids,  vegetable  and  animal  parasites. 

III.  Dietetic  diseases — starvation,  want  of  breast  milk,  scurvy,  intem- 
perance, chronic  delirium  tremens. 

IV.  Constitutional  diseases — -rheumatic  fever,  rheumatism  of  heart,  gout, 
rickets,  cancer,  tabes  mesenterica,  tubercular  meningitis,  phthisis,  scrofula, 
other  forms  of  tubercular  disease,  purpura,  hsemorrhagic  diathesis,  anaemia, 
chlorosis,  leucocythaemia,  diabetes,  or  other  constitutional  diseases. 

V.  Develo^omental  diseases — premature  birth,  atelectasis,  cyanosis,  spina 
bifida,  imperforate  anus,  cleft  palate,  &c.,  old  age. 

VI.  Local  diseases  of  nervous  system,  of  organs  of  special  sense,  circu- 
lating, respiratory,  digestive,  lymphatic,  and  urinary  systems,  of  the  organs  of 
generation,  parturition,  organs  of  locomotion,  integumentary  system. 

VII.  Violence — accident  or  negligence,  homicide,  suicide,  execution. 

VIII.  Ill-defined  and  not  specified  causes  —  dropsy,  debility,  atrophy,, 
inanition,  mortification,  tumour,  abscess,  haemorrhage,  sudden  death,  causes 
unascertained,  other  ill-defined  and  not  specified  causes. 

Whatever  may  be  the  shortcomings  of  this  great  series  of  statistics — and 
we  shall  presently  see  that  they  are  many — few  can  doubt  that  they  have 
proved  of  enormous  value  to  the  nation.  They  have  constituted  a  kind  of 
barometer  of  the  various  morbific  influences  weighing  upon  the  people  ;  they 
have  aroused  the  nation  to  efforts  to  obviate  or  overcome  those  influences. 
They  have  produced  nearly  all  the  sanitary  legislation  we  possess  ;  most  of 
the  sanitary  Acts  bear  the  signature  of  her  Majesty  Queen  Victoria.  They 
have  served  as  a  mine  of  material  from  which  statists  have  drawn  valuable 
conclusions  respecting  the  laws  of  population,  the  possibilities  of  extending 
human  life,  the  causes  of  mortality,  and  the  causes  of  disease. 

*  How  the  people  of  England  live  is  one  of  the  most  important  questions 

'  A  statement  of  the  particulars  published  from  year  to  year  in  the  Kegistrar- 
General's  annual  reports  is  given  in  the  38th  Eeport. 
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that  can  be  considered ;  how,  and  of  what  causes,  and  at  what  ages,  they 
die  is  scarcely  of  less  account ;  for  it  is  the  complement  of  the  primary 
question,  teaching  men  how  to  live  a  longer,  healthier,  and  happier  life.'  ^ 

DEFECTS   OP    THE    EEGISTRAE-GENEEAL'S    STATISTICS 


1.  Until  the  year  1874  the  certificate  of  the  cause  of  death  was  not  com- 


jpulsory. 

2.  Still-births  are  not  compulsorily  registered. 

3.  A  proportion  of  the  deaths  are  not  certified  by  legally  qualified  prac- 
titioners, and  this  proportion  varies  in  different  localities. 

Dr.  Farr  calculated  that  in  17  per  cent,  of  the  total  number  of  deaths 
registered  in  England  and  Wales  no  clue  is  given  as  to  the  cause  of  death. 
At  one  time  in  South  Wales  the  registration  books  were  in  a  state  of  hope- 
less confusion.  At  Llanbedr,  out  of  500  notices  of  death,  101  were  certified, 
399  were  not ;  and  in  St.  David's,  out  of  the  same  number,  only  fifteen  were 
certified. 

4.  Although  in  some  few  instances  attempts  are  made  to  indicate  the 
time  of  the  commencement  of  the  fatal  illness,  no  idea  is  given  in  the  death- 
certificate  of  the  place  where  the  disease  originated. 

5.  The  returns  are  often  misleading  on  account  of  inaccuracy  in  the 
■diagnosis  of  disease,  on  account  of  imperfections  in  the  nomenclature  used, 
either  now  or  in  former  years  ;  and  lastly  from  misrepresentations  as  to 
the  true  cause  of  death.  Alcoholism  and  syphihs  are  thus  frequently  omitted 
when  they  have  caused  death.  To  quote  again  from  Dr.  Farr,  '  thousands 
of  deaths  occur  without  any  scientific  inquiry  into  the  causes  of  death  ;  and 
in  thousands  of  other  cases  medical  science  seeks  in  vain  to  unravel  the 
mystery  which  enshrouds  the  extinction  of  Hfe.'  ^ 

As  Mr.  Humphreys  remarks  ('  Vital  Statistics,'  memorial  volume,  p.  115), 
*  causes  of  death  in  the  death  register  are  necessarily  Httle  more  than  the 
more  or  less  trustworthy  guesses  of  a  large  body  of  more  or  less  sldlled 
■observers,  except  in  the  small  proportion  of  cases  in  which  these  guesses 
are  corroborated  or  modified  by  ijost-mortem  examinations.  Statistics  of 
cases  of  death  should  therefore  be  compiled  with  caution,  and  without  any 
attempt  9t  over- elaboration  of  detail.  Still  greater  caution  should  be  used 
in  drawing  inferences  and  deductions  fi'om  a  comparison  of  the  results  for  a 
series  of  years;  and  changes  of  nomenclature  and  of  classification  add  mate- 
rially to  the  difficulties  in  the  way  of  useful  comparison  of  such  statistics  for 
•different  periods  of  years.' 

(c)   LOWE'S   RETURNS 

A  Parliamentary  paper  was  moved  for  in  1873  by  Mr.  liowe,  and  hence 
is  commonly  called  'Lowe's  Eeturns.'  These  returns  constitute  another 
important  series  of  mortality  tables.  Their  full  title  is  '  Average  Annual 
Proportion  of  Deaths  from  Specified  Causes,  at  Specified  Ages,  in  England 
generally,  and  in  each  Eegistration  Division  and  Registration  District,  during 
the  Decennial  Period  1861-70.' 

It  gives  the  populations  of  these  districts,  and  the  deaths  at  all  ages 
from  all  causes— from  fever,  diarrhoea,  dysentery,  cholera,  scarlatina  and 
diphtheria  per  100,000  hving.  Then  the  deaths  from  all  causes  per  100,000 
living  at  less  than  one  year  of  age.  The  deaths  are  then  given  under  five 
jears  of  age,  per  100,000  living,  from  all  causes,  and  from  the  following 

'  Supplement  to  35th  Annual  Report,  p.  3.  -  27th  Annual  Report,  p.  175. 
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diseases :  diarrlio9a,  dysentery,  and  cholera,  in  one  column ;  diseases  of  the 
respiratory  organs,  excluding  phthisis ;  diseases  of  the  brain,  including 
hydrocephalus ;  small-pox,  scarlatina,  measles,  whooping  cough.  Then,  at 
ages  between  fifteen  and  twenty-five,  similar  returns  of  deaths  of  males 
and  females  separately,  from  phthisis  pulmonalis  and  other  diseases  of  the 
respiratory  organs ;  and  lastly,  at  ages  between  thirty-five  and  fifty-five, 
the  deaths  of  males  and  females,  of  diseases  of  the  brain. 

By  calculating  each  of  these  rates  upon  100,000  of  the  population  living 
at  each  age,  the  errors  due  to  variety  in  the  distribution  of  ages  are  eliminated. 

3.    STATISTICS   OF   SICKNESS 

Constitute  a  very  important  addition  to  the  material  at  the  disposal  of  &■ 
medical  officer  of  health. 

The  value  of  such  returns  has  often  been  pointed  out.  Thus  the  metro- 
politan medical  officers  of  health  in  1858  state  from  their  experience  that 
*  the  sickness  table  offers  frequently  a  better  test  of  the  condition  of  the  people 
in  reference  to  their  helplessness  than  even  a  table  of  deaths.'  It  is  the 
iamount  and  duration  of  sickness  rather  than  the  mortality  that  tell  on  the 
prosperity  of  a  community,  and  the  sanitary  condition  of  a  State  cannot  be 
adequately  predicated  from  a  simple  enumeration  of  deaths. 

Such  returns  at  short  intervals  also  show  the  influence  of  varying  condi- 
tions of  climate  and  season,  of  prosperity  or  distress,  of  the  trades  and 
manufactures,  or  of  any  other  circumstances  peculiar  to  a  district ;  they  direct 
the  early  attention  of  local  authorities  to  the  precise  spot  where  each  epidemic 
breaks  out,  and  measure  its  progress.  They  are  most  valuable  to  the 
inhabitants,  giving  exact  and  timely  intelligence  of  the  presence  of  disease,. 
and  enable  them  promptly  to  deal  with  it. 

The  first  successful  effort  to  obtain  a  representative  registration  of 
disease  was  made  in  1858  by  the  Manchester  and  Salford  Sanitary  Associa- 
tion, from  weekly  returns  received  from  all  the  public  institutions  and  poor- 
law  medical  practitioners  in  the  town,  thirty-nine  in  number.  It  was  carried 
on  with  remarkable  regularity  for  twenty  years.  Its  example  was  followed  at 
Preston,  Newcastle-on-Tyne,  and  Birmingham,  and  it  encouraged  the  British 
Medical  Association  in  1862  to  agitate  for  a  national  registration  of  sickness. 

Although  this  effort  was  not  entirely  successful,  the  value  of  returns  of 
infectious  disease  only  was  recognised  by  many  towns,  and  at  the  present 
time  more  than  fifty  towns  have  secured  compulsory  powers  for  obtaining 
from  householders  and  medical  men  the  early  notification  of  cases  of  certain 
forms  of  infectious  sickness. 

Defects. — Even  for  the  practical  purpose  of  preventing  epidemics,  these 
returns  are  insufficient.  Isolation  and  disinfection  are  not  the  only  means 
by  which  these  diseases  may  be  met.  We  ought  not  only  to  seek  to  suppress- 
them  as  they  arise,  but  should  try  to  prevent  their  origin. 

In  order  to  carry  out  this  aim,  it  is  necessary  thoroughly  to  study  their 
natural  history,  to  know  their  habitats,  the  places  most  favourable  to  their 
germination,  the  conditions  under  which  they  can  most  readily  assume  the^ 
epidemic  form ;  the  relations  to  them  of  surrounding  circumstances,,  of  the 
weather,  or  of  season  ;  the  condition  of  the  soil,  and  even  the  kind  and 
quality  of  provisions.  The  concurrence  of  other  complaints  should  also  be 
noted,  and  especially  the  predisposition  to  any  specific  disease  occasioned  hy 
previous  affections  of  the  parts  most  attacked  by  the  epidemic  virus  ;  the- 
throat,  for  instance,  in  scarlet  fever ;  the  air-passages  in  measles  and 
^vhooping  cough,  the  bowels  in  enteric  fever  and  cholera.     We  also,  need 
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more  information  as  to  the  conditions  that  favour  the  recrudescence  of 
■epidemics — i.e.  their  rise  again  after  a  fall.  All  these  are  points  that  need 
investigation,  if  epidemics  are  to  be  prevented.  Moreover,  in  course  of  time, 
it  ought  to  be  possible  to  predict  the  coming  of  an  epidemic  with  at  least  as 
much  certainty  as  we  now  receive  tidings  of  a  coming  cyclonic  storm,  and  its 
probable  track  should  be  marked  out  before  its  arrival. 

But  for  all  these  purposes,  it  is  essential  that  the  returns  obtained  by 
means  of  the  notification  of  disease  should  be  made  more  serviceable  than 
they  are  at  present ;  not  only  should  they  be  published  en  masse,  as  they  are 
now,  but  they  should  be  broken  up  and  detailed,  so  as  to  show  the  incidence 
of  the  disease  at  different  periods,  in  each  district  of  the  town.  They  ought 
also  to  be  made  comparable,  so  that  it  should  be  possible  to  compare  one 
season  with  another  season,  and  one  district  with  another  district. 

This  is  not  the  case  at  present,  for  the  proportion  of  the  cases  reported 
to  the  totar number  of  the  population  is  not  known.  It  would  not  be  difficult 
to  ascertain  this.  In  the  weekly  returns  of  the  sanitary  association  a  device 
was  adopted,  at  the  writer's  suggestion,  by  which  a  very  close  approximation 
to  this  proportion  could  be  obtained.  This  was  to  obtain,  simultaneously  with 
the  disease  returns,  a  record  of  the  mortality  occurring  amongst  the  cases 
reported  :  this  was  then  compared  with  the  total  mortality,  and  a  very  fair 
:guess  could  be  made  as  to  the  total  number  of  cases  occurring  within  the 
■district. 

The  mortality  returns  were  strictly  confidential,  and  thus  no  invidious 
remarks  could  be  based  upon  them.  This  device,  if  carried  out  in  all  the 
towns  where  notification  of  disease  is  obtained,  would  enable  us  to  compare 
the  records  of  one  place  with  thope  of  another,  and  would  permit  us  to 
follow  several  of  the  lines  of  inquiry  which  we  have  suggested  as  desirable. 
But  it  is  unfortunate  that  the  registration  of  sickness  cannot  be  carried 
further  than  it  is  at  present.  Thus  it  would  be  very  important  from  time  to 
time  to  ascertain  the  prevalence  of  puerperal  and  rheumatic  fever,  of  pneu- 
monia and  diarrhoea,  of  cancer,  syphilis,  and  goitre.  Again,  there  are  many 
diseases  that,  being  neither  epidemic  nor  often  fatal,  are  commonly  regarded 
without  concern.  Thus,  as  the  Royal  Sanitary  Commissioners  remark,  '  ague 
is  very  rarely  fatal ;  it  counts  for  little  on  the  register  of  deaths  ;  yet  ague, 
in  all  its  various  forms  and  its  long  abiding,  is  a  great  burden  on  the  wealth 
of  the  nation,  a  burden  which  good  sanitary  arrangements  could  remove.' 
And  so  of  phthisis,  scrofula,  diarrhoea,  and  many  other  disabling  maladies. 
A  more  complete  registration  of  sickness  would  show  whether,  and  in  what 
degree,  legislation  is  needed  for  the  prevention  of  diseases  dependent  on 
occupations  and  social  habits.  '  The  effects  of  social  vices  and  vicious  habits 
of  life,  and  whether  any  of  them  are  sources  of  such  sickness,  poverty,  and 
decay,  as  to  justify,  on  public  grounds,  a  considerable  expenditure  of  money 
and  executive  force,  cannot  be  known  without  registration.'  Dr.  Farr's 
remarks  upon  this  subject  in  the  supplement  to  the  Registrar-General's 
35th  Annual  Report  are  an  important  incentive  to  an  effort  to  improve 
the  statistics  of  non-fatal  sickness.  He  says  :  '  The  reports  of  the  existing 
medical  officers  are  of  great  practical  value,  and  will  become  more  valuable 
every  day.  What  is  wanted  is  a  staff"  officer  in  every  county  or  great  city, 
with  clerks,  to  enable  him  to  analyse  and  publish  the  results  of  weekly 
returns  of  sickness,  to  be  procured  from  every  district,  distinguishing,  as  the 
army  returns  do,  the  new  cases,  the  recoveries,  the  deaths  reported  weekly,  and 
the  cases  remaining  in  the  several  hospitals,  dispensaries,  and  workhouses. 
These,  compiled  on  a  uniform  plan,  when  consolidated  m  the  metropolis,  would 
ho.  of  national  concern.     It  has  been  suggested  that  the  returns  of  sickness 
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«liould,  to  save  time,  be  sent  to  London,  and  there  analysed  on  a  uniform 
system,  as  the  causes  of  death  are.  That,  with  the  present  postal  arrange- 
ments, is  quite  practicable.  The  thing  to  aim  at  ultimately  is  a  return  of  the 
cases  of  sickness  in  the  ci\dl  population  as  complete  as  is  now  procured  from 
the  army  in  England.  It  will  be  an  invaluable  contribution  to  therapeutics 
as  well  as  to  hygiene  ;  for  it  will  enable  the  therapeutists  to  determine  the 
duration  and  the  fatality  of  all  forms  of  disease,  under  the  several  existing 
systems  of  treatment,  in  the  various  sanitary  and  social  conditions  of  the 
people.  Illusion  will  be  dispelled,  quackery  as  completely  as  astrology  sup- 
pressed, a  science  of  therapeutics  created,  suffering  diminished,  life  shielded 
from  many  dangers.  The  national  returns  of  cases  and  of  causes  of  death 
will  be  an  arsenal  which  the  genius  of  English  healers  cannot  fail  to  turn 
to  account.' 

4.  STATISTICS    OF   MEASUEEMENTS 

The  last  group  of  vital  statistics  contains  data  concerning  the  physical 
condition  of  the  so-called  healthy  portions  of  the  population.  Again,  we 
must  quote  from  Dr.  Farr. 

'  The  stature,  the  weight,  the  strength,  the  working  power,  and  the 
intelligence  of  the  people  are  indications  of  health  which  should  be  explored 
in  groups  of  the  population  at  each  age.'  The  first  four  of  these  conditions 
all  admit  of  accurate  measurement,  and  although  it  would  not  be  possible  to 
carry  out  this  measure  for  a  whole  population,  observations  might  be  made 
from  time  to  time  upon  certain  numbers  of  the  people  at  all  ages. 

It  is  difficult  to  over-estimate  the  value  to  a  health  authority  of  such 
information  as  is  here  demanded  by  Dr.  Farr.  By  means  of  the  returns  of 
disease  and  death  we  are  informed  as  to  the  actual  losses  sustained  by  the 
community  from  certain  causes ;  but  these  figures  tell  us  very  little  of  the 
ultimate  effect  upon  the  physical  power  of  the  population.  We  cannot 
measure  this  influence  by  the  simple  record  of  the  numbers  directly  affected. 
We  have  to  learn  their  effects  upon  the  following  generation,  and  this  can 
only  be  ascertained  by  such  careful  direct  measurements  as  are  here 
recommended. 

Hitherto,  the  only  measurements  we  possess  have  for  the  most  part  been 
made  by  private  individuals  ;  thus  Dr.  Ferguson,  of  Bolton,  in  his  capacity 
of  certifying  surgeon,  made  a  number  of  measurements  of  the  young  persons 
presenting  themselves  before  him,  and  he  came  to  some  very  adverse  con- 
clusions respecting  the  children  of  the  working  classes. 

Mr.  Charles  Eoberts  made  still  more  extended  observations,  and  published 
them  in  his  paper,  read  before  the  Statistical  Society,  on  '  The  Physical 
Eequirements  of  Factory  Children.'  Dr.  Beddoe,  of  Clifton,  obtained  mea- 
surements of  groups  of  the  population,  in  the  different  counties  of  England 
and  Scotland  and  other  parts,  in  relation  to  height,  weight,  girth,  breadth  of 
shoulders,  and  so  on. 

Most  of  these  statistics  are  embodied  in  the  report  of  the  Anthropometric 
Committee  of  the  British  Association,  and  they  are  well  worthy  of  study. 
They  show  distinctly  the  adverse  influence  of  town  life  as  compared  with 
country  life,  and  '  the  check  which  growth  receives  as  we  descend  lower  and 
lower  in  the  social  scale.'  A  difference  of  Sin.  is  found  between  'the 
averag-s  statm-es  of  the  best  and  worst  nurtured  classes  of  children  of  corre- 
sponding ages,  and  3^  in.  in  adults.' 

'  The  influence  of  town  hfe  and  town  occupations  on  the  physique  of  the 
population,  m  districts  in  which  the  race   differs  little,  and  the   cHmatic 
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conditions  are  the  same,  is  seen  by  comparing  the  agricultural  population  of 
Ayrshire  with  that  of  Glasgow  and  Edinburgh,  where  the  average  difference 
in  stature  amounts  to  4*15  in.,  and  in  weight  to  36'1  lb.  in  favour  of  the 
country  folk.  A  similar  though  not  so  great  a  difference  exists  in  Yorkshire^, 
where  the  fishermen  of  Flamborough  exceed  the  artisans  of  Sheffield  in 
stature  by  2'91  in.,  and  in  weight  by  24*3  lb.' 

These  observations  are,  however,  insufficient  for  the  purposes  of  public 
health.  They  refer  only  to  one  period  of  time,  and  hence  no  conclusions- 
can  be  drawn  from  them  as  to  the  progress  of  the  nation  in  health  and 
strength.  What  is  required  is  that  there  should  be  accurate  measurements 
made  every  ten  years  of  representative  groups  of  the  population  of  all 
classes  and  at  certain  ages. 

GEAPHIC  EEPEESENTATIONS   OF   STATISTICS 

Graphic  representations  of  figures  are  often  of  great  assistance  to  the- 
student  of  vital  statistics,  and  may  be  made  in  many  ways.  Thus  by  various 
degrees  of  shading  upon  maps,  as  in  Boudin's  '  Statistique  Medicale,'  the- 
extent  of  prevalence  of  various  diseases  in  different  parts  of  the  country  may 
be  shown,  or,  again,  coloiu-  may  be  employed  in  the  same  way  as  in  Lombard's 
maps  ;  and  the  varying  intensity  of  the  colour  may  be  made  to  show  the 
varying  prevalence  of  the  disease  indicated  by  each  colour.  In  Dr.  Havi- 
land's  excellent  maps,  showing  the  distribution  of  heart  disease,  phthisis^ 
and  cancer  in  England  and  Wales,  two  chief  colours,  blue  and  red,  are- 
employed,  and  each  colour  is  given  in  three  shades — the  intensity  of  the- 
blue  colour  showing  the  degree  of  prevalence,  and  the  intensity  of  the  red 
colour  displaying  the  degree  of  immunity,  enjoyed  by  different  registration, 
districts  throughout  the  country. 

Not  unfrequently,  also,  maps  are  employed  by  medical  officers  of  health, 
and  the  exact  sites  of  the  occurrence  of  certain  diseases  are  indicated  by 
crosses  or  other  signs,  printed  in  colour  on  the  spots  where  these  diseases 
originated  or  occurred. 

Masses  of  colour  are  sometimes  used  to  show  the  relative  proportion  of 
different  diseases  taking  place  within  certain  definite  periods  of  time,  as  in 
Dr.  Farr's  diagrams  of  the  extent  of  lung  disease  and  fever  in  the  Crimean 
army.  Lines  of  varying  length  are  also  made  to  show  the  relative  propor- 
tion of  disease  and  death,  as  in  Dr.  de  Chaumont's  work  on  State  medicine. 

But  perhaps  the  most  useful  of  all  devices  for  both  showing  the  extent 
of  sickness  and  the  periods  of  time  within  which  it  occurred  are  the  methods, 
of  curves  or  columns  of  disease. 

Periods  of  time — of  days,  weeks,  months,  or  years — are  denoted  by  the 
divisions  of  a  horizontal  line,  and  from  these  divisions  vertical  lines  are 
drawn,  their  height  above  the  base  line  marking  the  extent  to  which  the 
disease  prevailed  during  the  period  expressed  by  the  divisions  in  the  base 
line.  Usually  these  divisions  are  of  equal  size,  and  the  diagram  is  ruled  in 
squares,  so  that  the  extent  of  the  disease  in  units,  tens,  hundreds,  or  thousands 
can  be  indicated  on  the  divisions  at  each  side  of  the  diagram. 

The  accompanying  figures,  showing  the  rise  and  fall  of  various  epidemics 
in  Sweden  for  100  years,  are  given  as  an  illustration  of  this  method,  and 
also  because  of  their  intrinsic  value.  They  are  drawn  from  figures  privately 
supplied  to  the  writer  by  Dr.  Berg,  of  Stockholm,  and  they  serve  to  show  the 
remarkable  cycles  in  which  small-pox,  scarlet  fever,  measles,  and  whooping 
cough  prevailed  in  that  country. 

Curves  of  disease  are  formed  by  draAving  a  continuous  line  through  points 
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at  the  several  heights  on  the  vertical  lines  indicating  the  extent  of  the 
disease  at  certain  fixed  periods  of  time. 

By  this  means  not  only  may  a  direct  comparison  be  at  once  made 
between  the  causes  of  different  diseases,  but  they  may  be  compared  with 
other  curves  denoting  atmospheric  phenomena — heat  and  cold,  humidity 
or  dryness  of  air,  barometric  oscillations,  and  so  on.  The  price  of  wheat, 
and  other  signs  of  prosperity  or  distress,  may  be  in  like  manner  brought 
into  contrast  with  the  curves  of  disease.  Mortality  returns  at  different  ages 
may  be  represented  in  a  somewhat  similar  manner.  There  are  other  graphic 
devices  occasionally  in  use,  as  in  Dr.  Farr's  diagrams  to  represent  the  degree 
of  proximity  of  populations  in  relation  to  their  rates  of  mortahty  (40th  Eeport 
of  the  Eegistrar-General,  p.  237). 

These  examples  will,  however,  suffice  to  show  the  uses  that  may  be 
made  of  graphic  methods. 

SOURCES  OF  FALLACY  IN   STATISTICS 

We  have  now  enumerated  the  several  stores  of  statistical  material  at  the 
command  of  a  medical  officer  of  health.  But  before  proceeding  to  describe 
the  various  modes  in  which  these  figures  may  be  employed,  it  will  be  desirable 
to  indicate  the  limits  within  which  they  may  be  used  without  danger  of 
error.  Unless  this  is  done,  as  Carlyle  has  said,  the  tables  will  be  '  like 
cobwebs,  or  Hke  the  sieve  of  the  Danaides,  beautifully  reticulated,  orderly  to 
look  upon,  but  which  will  hold  no  conclusion.' 

In  an  ideal  series  of  statistics,  (1)  the  facts  must  all  be  correctly  observed. 
In  some  cases  this  condition  is  easily  adhered  to.  It  is  thus  simple  enough 
to  ascertain  correctly  the  numbers  of  a  population,  and  the  proportion  of 
births  and  deaths  and  marriages  occurring  amongst  its  members  ;  hence  the 
rates  founded  upon  these  figures  during  the  year  of  census  are  pretty  sure 
to  be  exact.  But  if  more  than  this  is  attempted,  if  such  details  as  the 
ages  of  the  population,  and  the  diseases  from  which  they  die,  are  required, 
then,  as  we  have  already  seen,  serious  liability  to  error  arises. 

(2).  In  order  that  statistics  may  be  of  service  for  the  purposes  of  the  public 
health,  it  is  important  that  they  should  admit  of  comparison,  both  with 
similar  figures  obtained  at  previous  periods  and  with  those  of  other  places. 
But  if  correct  deductions  are  to  be  drawn  from  these  comparisons,  the  figures 
to  be  compared  must  be  homogeneous — i.e.  they  must  be  of  the  same  kind  or 
order  ;  and  this  condition  must  be  fulfilled  both  in  the  facts  that  are  grouped 
together,  and  in  the  standards  against  which  they  are  placed.  Take  first 
the  facts  collected  together. 

a.  There  are  comparatively  few  simple  facts  to  be  observed  in  vital 
statistics ;  for  the  most  part  they  are  complicated  by  an  endless  variety  of 
differences — differences  of  degree  and  intensity — or  by  the  influence  of  sur- 
rounding circumstances.  In  our  enumeration  of  diseases,  for  instance,  we 
may  often  be  obliged  to  mass  together  deaths,  or  diseases  of  various  organs, 
or  all  the  deaths  from  particular  diseases,  such  as  cancer  or  consumption, 
without  reference  to  their  extent  or  duration,  and  much  may  be  learnt  even 
by  such  a  classification  as  this,  if  care  is  taken  to  see  that  the  statistics  are 
comparable  from  one  time  to  another,  or  that  the  surrrounding  circum- 
stances at  one  place  are  not  such  as  to  prevent  them  from  being  fairly  placed 
against  those  at  another  place.  A  comparison  of  hospital  statistics  is  pro- 
verbially untrustworthy,  on  account  of  the  extreme  variation  of  the  conditions 
that  surround  them. 

b.  Again,  if  such  grouping  of  facts  is  to  be  of  any  real  service  in  com- 
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paring  the  sanitary  condition  of  towns,  it  is  important  that  a  number  of 
facts,  having  an  entirely  different  causation,  should  not  be  included  together 
under  one  heading. 

Thus  it  is  not  uncommon  to  see  all  the  affections  of  the  respiratory 
organs,  with  thfe  single  exception  of  phthisis,  tabulated  together,  and  this 
heading  includes  not  merely  catarrhal  affections  that  might  be  supposed  to 
have  a  common  origin  in  atmospheric  influences,  but  such  diseases  as  acute 
pneumonia,  pleurisy,  or  asthma,  which  frequently  arise  from  quite  other 
causes ;  and  if  it  were  not  for  the  fact  that  catarrhal  disorders  are  so  common 
as  to  overwhelm  the  numbers  of  the  other  lung  diseases,  very  little  would  ba- 
gained  by  this  tabulation. 

Again,  if  the  rate  of  mortaUty  from  zymotic  disease — the  zymotic  rate  as> 
it  is  called — is  recorded  without  discrimination  between  the  forms  of  zymotic- 
disease^such  as  small-pox,  scarlet  fever,  enteric  fever,  &c. — very  Httle  could. 
be  discovered  as  to  the  sanitary  progress  of  a  community  in  respect  to  vac-- 
cination,  improved  drainage  and  water-supply,  and  so  on. 

The  facts  enumerated  must  therefore  be  grouped  together  as  much  as^ 
possible  in  reference  to  some  common  cause. 

c.  Another  bar  to  comparison  is  to  be  found  in  the  varying  virulence  of 
certain  diseases.  It  is  thus  unsafe  to  assume  that  a  lessening  of  the  death- 
rate  from  any  form  of  epidemic  disease  is  to  be  ascribed  to  sanitary  measures, 
or  to  the  particular  kind  of  treatment  that  has  been  adopted. 

Epidemics  have  a  tendency  to  run  a  certain  course,  and  then  to  subside 
for  a  certain  number  of  years,  and  it  is  well  known  that  they  are  much  more 
virulent  and  fatal,  in  proportion  to  the  number  attacked,  at  their  commence- 
ment than  near  their  dechne.  The  data,  therefore,  are  not  homogeneous,, 
and  do  not  admit  of  comparison  from  one  period  to  another, 

d.  Similar  remarks  apply  to  the  standard  against  which  the  facts  are' 
arranged  so  as  to  bring  them  into  relation  with  those  of  some  other  place. 
Thus  we  have  already  seen  that  even  the  estimated  population  is  an  unsafe 
standard  from  which  to  derive  a  birth-rate  or  a  death-rate ;  but  in  order 
that  these  latter  statistics  should  be  strictly  comparable,  even  in  the  census 
year,  it  is  needful  that  the  populations  of  the  places  compared  should  be 
similar  in  at  least  two  respects  :  first,  as  regards  the  proportion  in  them  of 
persons  at  different  ages ;  secondly,  as  regards  their  occupations  and  their 
migratory  habits.  These  points  will  have  to  be  presently  more  fully  con- 
sidered. 

(3).  The  facts  must  be  localised  in  regard  to  both  the  place  and  time  of 
their  occurrence. 

It  would  thus  be  absurd  to  construct  a  phthisis-rate  for  Madeira  or 
Mentone,  from  the  deaths  of  persons  occurring  at  those  places  from  this 
disease;  and  the  presence  of  the  Brompton  Hospital  for  Consumption  pre- 
sents a  similar  objection  to  the  framing  of  a  phthisis-rate  for  West  London. 

In  some  towns  also  the  results  of  the  coroner's  inquests  are  returned  to 
the  Eegistrar- General  fortnightly,  or  even  monthly,  and  thus  unduly  affect 
the  rates  in  his  weekly  return. 

(4).  The  facts  must  be  sufficiently  numerous  to  give  correct  averages,  and 
they  must  extend  over  sufficient  lengths  of  time. 

The  simplest  mode  of  ascertaining  whether  they  are  so  or  not  is  one 
given  by  Dr.  Guy,  and  he  gives  an  example  of  its  application  in  an  inquiry 
into  the  ages  at  death  of  the  male  members  of  the  Enghsh  aristocracy.  He- 
explains  it  as  follows  :  '  The  several  facts  were  first  arranged  in  groups  of 
twenty-five  each  ;  two  successive  groups  were  then  formed  into  groups  of 
fifty  ;  the  groups  of  fifty  in  hke  manner  into  groups  of  a  hundred,  and  so  on. 
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until  the  last  totals  in  the  table  were  obtained.  The  greatest  and  least 
averages  from  each  group  of  facts  were  then  selected  and  thrown  into  the 
following  table  : — 


Number  of  facts 

Average  age  at  death 

Maximum                            Minimum 

Eange 

25 

50 

100 

200 

400 
800 

1,600 

69-40 
66-44 
63-70 
62-38 
61-10 
60-84 

50-64 
55-20 
56-85 
57-61 
58-24 
59-67 

18-76 
11-24 

6-85 

4-77               ! 

2-86 

1-17 

60-25 

This  example  shows  that,  the  smaller  the  total  number  of  facts,  the 
larger  will  be  the  relative  percentage  of  discrepancy  displayed  by  them,  and 
hence  arises  the  practical  lesson  to  obtain  all  the  homogeneous  statistics 
possible,  and  the  margin  of  error  will  diminish  with  the  number  collected. 

The  mathematical  rule  is  that  the  error  diminishes  as  the  square  root  of 
the  number  of  observations  ;  thus,  if  1,000  observations  have  been  collected, 
then,  in  order  to  obtain  a  result  twice  as  accurate,  four  times  the  number  of 
facts  must  be  brought  together. 

Hence,  as  Dr.  Guy  remarks,  '  averages  drawn  from  small  numbers  of  facts 
stand  in  need  of  a  confirmation  which  averages  drawn  from  larger  numbers 
of  facts  do  not  require,  and  in  using  the  former  we  are  bound  to  speak 
with  a  reserve  proportioned  to  the  scantiness  of  our  materials.' 

Extreme  values  ought  also  to  be  taken  into  account  in  the  study  of 
statistics.  '  As  averages  founded  upon  large  numbers  are  numerical  expres- 
sions of  true  probabilities,  so  extreme  values  are  expressions  in  the  same 
precise  language  oi  possibilities  ;  one  use  of  them  is  to  confirm  and  strengthen 
the  conclusions  drawn  from  averages,  and  another  to  test  numerical  theories.' 

'  The  same  general  principle  which  applies  to  averages  apphes  also  to 
the  extremes,  namely,  that  the  value  of  the  extremes  increases  with  the 
number  of  observations  from  which  they  are  selected.' 

*  To  obtain  a  correct  mean,  or  a  probable  extreme,  we  must  multiply  our 
facts '  (article  on  Statistics,  by  Dr.  Guy,  '  Encyclopaedia  of  Anatomy  and 
Physiology,'  1852). 

Another  mode  of  testing  the  results  of  a  statistical  inquiry  is  by  means 
of  the  '  law  of  error,'  as  it  is  called  by  mathematicians ;  but  it  is  seldom 
or  never  necessary  to  use  this  method  in  vital  statistics,  for  it  simply  proves 
that  the  mean  result  is  the  most  probable  one  ;  and  when  there  is  only  a 
single  variable  this  mean  is  found  by  the  familiar  arithmetical  process. 

Professor  Jevons  gives  the  following  rules  for  finding  the  probable  error 
of  a  mean  result : — 

1.  Draw  the  mean  of  all  the  observed  results. 

2.  Find  the  excess  or  defect,  that  is,  the  error  of  each  result  from  th& 
mean. 

3.  Square  each  of  these  reputed  errors. 

4.  Add  together  all  these  squares  of  the  errors. 

5.  Take  the  square  root  of  this  sum. 

6.  Divide  the  square  root  by  the  number  of  results. 

7.  Multiply  the  quotient  by  0-67149  (or  approximately  by  0*674,  or  even 
0*67),  a  natural  constant  number  derived  from  the  law  of  error  in  a  manner 
which  is  described  in  mathematical  works  upon  the  subject. 

Suppose  we  take  four  weekly  death-rates  of  a  town — say  32,  29,  20,  18, 
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We  want  to  know  the  probable  error  of  the  mean,  namely  25.  Now  the 
differences  between  this  mean  and  the  above  numbers,  paj-ing  no  regard  to 
direction,  are  7,  4,  5,  7  ;  their  squares  are  49,  16,  25,  49,  and  the  sum  of  the 
squares  is  139.  Taking  the  nearest  square  root  of  this  sum,  12,  and  dividing 
by  4,  the  number  of  observations,  we  have  3,  which  has  only  to  be  multi- 
plied by  -67  to  yield  us  2-01=probable  error.  Thus  the  probability  is  one 
half,  or  the  odds  are  equal,  that  the  true  death-rate  lies  between  23  and  27. 
As  a  matter  of  fact,  it  is  26'B.^ 

These  few  hints  as  to  the  precautions  to  be  observed  in  the  use  of  statistics 
by  no  means  exhaust  the  subject.  The  student  of  such  figm'es  has  to  be 
constantly  on  his  guard  against  sources  of  fallacy  such  as  must  fatally 
vitiate  his  conclusions,  and  yet,  on  the  other  hand,  he  must  not  neces- 
sarily reject  all  materials  that  are  not  beyond  suspicion.  If  a  careful 
estimate  be  made  of  the  possibihty,  or  even  the  probabiHty,  of  error,  even 
faulty  statistics  may  be  used.  As  Mr.  Humphreys  remarks  ('  Vital  Statistics,' 
p.  116),  'much  valuable  work  may  be  done  with  defective  materials  if  their 
defects  be  kept  steadily  in  view,  both  in  the  calculation  of  results  and  in 
making  deductions  therefrom.  The  materials  with  which  Dr.  Farr  had  to 
work  nearly  fifty  years  ago  were  defective  enough  to  have  discouraged  a 
less  sanguine  and  indefatigable  statistician  ;  but  while  he  was  able  from 
time  to  time  to  improve  the  quality  of  his  materials  few  will  venture  to  deny 
the  value  of  the  results  he  obtained  with  such  defective  material.'  '  In  vital 
statistics  all  students  must  learn  to  use  imperfect  materials,  and  yet  to  guard, 
as  far  as  possible,  against  fallacious  results.' 

METHODS    OF    USING   VITAL    STATISTICS 

1.  Life  Tables. — In  considering  the  various  modes  in  which  the  vital 
statistics  which  have  been  enumerated  may  be  utUised,  it  -nill  be  convenient 
to  take  life  tables  first,  as  they  display  the  incidence  of  mortahty  at  each 
year  of  life,  and  thus  serve  to  show  the  influence  of  var}-ing  proportions  of 
persons  at  each  age  upon  the  death-toll  paid  by  different  communities. 

Life  tables  are  constructed  from  the  registers  of  births  and  deaths  by 
means  of  somewhat  abstruse  and  difficult  mathematical  calculations,  into 
which  it  is  not  now  necessary  to  enter.  The  theory  upon  which  they  are 
founded  is,  however,  a  very  simple  one,  and  is  stated  by  Dr.  Farr  as  follows  : — 

'  If  100,000  persons  born  at  the  same  moment  were  followed  through 
life,  the  numbers  that  died  in  each  year  of  life  noted,  and  the  sum  of  their 
ages  divided  by  100,000,  the  average  ages  which  they  Hved  would  be 
obtained.'  In  other  words,  the  number  of  the  survivors  at  each  age  would 
be  ascertained,  and  then  the  mean  duration  of  their  lives.  '  Say  that  it  was 
found  to  be  forty-one  years  at  birth,  if  another  100,000  were  taken  in  worse 
ch'cumstances,  dealt  with  in  the  same  manner,  and  their  average  duration 
of  life  were  found  to  be  twenty-six  years,  yoa  might  infer  that  life  is  shortened 
fifteen  years  in  the  latter  circumstances.'  ^ 

Dr.  Farr  considers  that  life  tables  supply  the  only  scientific,  thoroughly 
trustworthy,  method  for  ascertaining  the  true  import  of  rates  of  mortahty  in 
increasing  or  decreasing  populations,  whether  such  increase  or  decrease  be 
due  to  the  difference  between  birth-rates  and  death-rates,  or  to  the  effect  of 
migration  [see  the  5th  Annual  Eeport  of  the  Eegistrar-General,  pp.  362-865). 

'  In  actual  working  many  more  observations  than  four  would  be  necessary  to  make 
such  a  calculation  of  any  '  probable  error  ;  '  but  the  above  example  may  serve  to  show 
the  untrustworthiness  of  weekly  death-rates  as  a  test  of  sanitary  condition. 

^  Another  fuller  account  of  the  formation  of  a  life  table  is  given  by  Dr.  Farr  in  the 
Transactions  of  the  Royal  Soci-cty,  1859,  pp.  838-41.   Also  in  Vital  Statistics,  pp.  491-93. 
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He  gives  a  short  metliod  of  constructing  life  tables  that  may  be  useful  to 
medical  officers  of  health.^ 

There  are  now  four  life  tables  for  England  and  Wales — three  calculated 
l)y  Dr.  Farr  :  No.  1,  from  statistics  of  population  and  mortality  in  1841 ; 
No.  2,  from  the  census  enumerations  of  1831  and  1841,  and  from  the  deaths 
of  seven  years  (1838-1844) ;  No.  3  from  the  census  of  the  populations  in  1841 
and  1851,  and  upon  6,470,720  deaths  registered  in  seventeen  years,  1838- 
1854 ;  No.  4,  the  new  Enghsh  life  table,  was  constructed  by  Dr.  Ogle,  and 
was  published  in  the  supplement  to  the  4th  Annual  Eeport  of  the 
Eegistrar-General.  Besides  these  tables  we  also  have  a  healthy  districts 
life  table,  constructed  by  Dr.  Farr  from  statistics  of  sixty-three  selected 
Enghsh  districts. 

Table  IV. — Showing  the  '  Expectatimi  of  Life  '  or  Mean  After  Lifetime  of  Persmis  aged 
0,  10,  20,  30,  dc,  according  to  the  undermentioned  Mortality  Tables. 


Ages 

English  tables 

Man- 
chester 

Liverpool 

Metro- 
polis 

Surrey 

North- 

17 officers' 

experience 

1843 

Institute 
of 

Actuaries 
1869 

No.  2       No.  4 
1838-44  1871-80 

ampton      '^laVr"^ 
1780           ^^^^ 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

40-36 
47-47 
39-99 
33-21 
26-46 
19-87 
13-60 
8-55 
5-00 

43-56 
49-24 
40-53 
33-25 
26-38 
19-80 
13-69 
8-61 
4-99 

24-2 

40-6 

33-3 

26-6 

20-6 

15-2 

10-3 

6-S 

4-6 

3-2 

26-0    . 

41-0 

34-0 

27-0 

21-0 

16-0 

37-0 
45-0 
38-0 
30-0 
24-0 
18-0 

45-0 
49-0 
42-0 
35-0 
28-0 
21-0 

39-78 
33-43 

28-27 

23-08 

17-99 

13-21 

8-60 

4-75 

2-41 

48-82 

41-40 

34-34 

27-61 

21-11 

14-34 

9-18 

5-51 

3-28 

48-36 

41-49 

34-43 

27-28 

20-18 

13-77 

8-54 

4-78 

2-11 

50-29 

40-06 

34-68 

27-40 

20-31 

13-83 

8-50 

4-72 

2-36 

Old  and  New  English  Life  Tables,  based  respectively  iipon  the  Mortality  in  1838-54  and 
in  1871-80.    Also  Liverpool  Life  Table,  1861-70,  and  Manchester,  1881-90. 


Age 

Of  1,000,000  born,  the  number  surviving  at  the  end  of  each  quinq.ue 

anial  year 

Males 

Females 

Liverpool  persons 

Manchester  persons 

1838-54 

1871-80 

1838-54 

1871-80 

1861-70 

1881-90  = 

0 

1,000,000 

1,000,000 

1,000,000 

1,000,000 

1,000,000 

1,000,000 

5 

728,716 

734,068 

7.50,550 

762,622 

5.39,630 

698,140 

10 

689,857 

708,990 

715,769 

738,382 

498,621 

664,390 

15 

672,776 

696,419 

696,917 

724,956 

482,892 

648,180 

20 

651,903 

680,033 

671,119 

707,949 

462,768 

634,040 

25 

624,221 

657,077 

644.342 

684,8.58 

4.34,497 

614,440 

30 

.595,089 

630,038 

612,774 

658,418 

— 

587,060 

35 

564,441 

.598,860 

579,908 

628,842 

360,344 

552,230 

40 

531,6.57 

563,077 

545,844 

596,113 

— 

510,960 

45 

495,770 

522,374 

510,403 

560,174 

275,193 

463,860 

50 

455,727 

476,980 

473,245 

520,901 

— 

410,670 

55 

409,460 

424,677 

433,331 

477,440 

184,224 

350,420 

60 

356,330 

36.5,011 

383,974 

422,835 

— 

282,810 

65 

294,588 

297,156 

324,165 

356,165 

97,635 

210,020 

70 

223,490 

222,056 

253,161 

277,225 

— 

138,360 

75 

148,076 

144,960 

174,800 

190,566 

34,1.55 

77,380 

80 

80,343 

77,3.54 

100,394 

108,935 

— 

35,010 

85 

32,979 

30,785 

44,419 

47,631 

6,003 

12,220 

90 

9,321 

8,015 

13,802 

14,225 

— 

3,160 

95 

1,628 

1,183 

2,704 

2,533 

417 

590 

100 

154 

82 

295 

225 

9 

80 

The  number  dying  under  each  age  is  readily  ascertained  by  subtracting  each  figure 
from  its  predecessor. 

'  Extracts  relating  to  this  method  are  also  given  in  Dr.  Farr's  collected  works  on 
'Vital  Statistics,'  pp.  464,  465. 

^  Dr.  Tatham's  Manchester  Life  Table. 
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Life  Insurance  Tables. — ^Life  insurance  societies  formerly  used  the- 
Northampton  and  Carlisle  tables,  which  have  already  been  noticed  as 
derived  from  bills  of  mortality.  Dr.  Farr  considered  that  his  life  tables 
would  afford  a  safer  basis  for  the  calculation  of  life  insurance  premiums- 
and  of  the  prices  of  annuities ;  but  as  these  tables  were  derived  from  the 
rates  of  mortality  of  entire  populations,  and  the  clients  of  insurance 
companies  are  all  selected  lives,  it  is  evident  that  the  results  would  not  be 
entirely  satisfactory.  Accordingly,  actuaries  have  endeavoured  to  utilise 
their  own  experience.  In  the  tables  of  the  Equitable  Assurance  Society, 
published  in  1825,  and  still  more  in  the  seventeen  years'  experience  table, 
and  in  the  healthy  males  table,  they  considered  that  they  had  obtained  the 
needful  accuracy.  Even  these  statistics,  however,  are  open  to  objection, 
because  most  of  them  are  based  upon  the  number  of  policies  which  became 
claims,  and  not  upon  the  number  of  persons  who  were  assured  and  died.  As 
not  a  few  persons  insure  in  several  offices,  and  as  some  are  insured  in  over- 
100  different  companies,  their  deaths  would  be  counted  several  times  over, 
and  might  injure  the  result  if  any  of  the  deceased  persons  overstepped  the; 
average  in  any  way. 

2.  '  Mean  Duration  of  Life.'     '  Mean  After  Lifetime.'     *  Expectation 
of  Life.'     '  Probable  Duration  of  Life.' 

It  will  be  seen  that  the  three  titles  that  come  first  are  used  as  if  they 
were  synonymous,  but  as  Dr.  Farr  remarks  (8th  Annual  Eeport,  pp.  279-80)' 
'  expectation  of  life '  is  an  incorrect  term  ;  the  time  which  it  is  expected  a . 
person  will  live  is  the  time  which  it  is  an  even  chance  he  will  live  ;  it  is  the 
vie  probable  of  the  French,  and  is  correctly  expressed  by  '  probable  lifetime.' 
It  is  the  age  at  which  a  given  number  of  children  born  at  the  same  time  are 
reduced  one-half;  in  other  words,  when  the  chance  is  equal  of  their  dying 
before  or  after  that  age.  The  idea  intended  to  be  expressed  by  '  expecta- 
tion of  life  '  is  the  mean  time  which  a  number  of  persons  at  any  instant  of 
age  will  live  after  that  instant ;  it  is  the  French  vie  moyenne,  and  this 
technical  idea  is  strictly  and  shortly  expressed  by  •  after  lifetime.'  Upon- 
referring  to  the  fourth  English  life  table  it  will  be  seen  that  the  probable 
duration  of  life  in  England  lies  between  45  and  50  for  males,  and  between 
50  and  55  for  females,  whilst  the  mean  after  lifetime  at  birth  for  both- 
sexes  (Table  IV.)  is  43-56.  This  difference  is  to  be  accounted  for  by  the 
fact  that  in  an  increasing  population  a  certain  number  of  persons  at  middle 
ages  is  added  to  it  whose  mortality  is  low.  The  mean  after  lifetime  is- 
calculated  from  one  generation. 

It  has  been  shown  by  Dr.  Farr  that  the  mean  duration  of  life,  or  meani^' 
after  lifetime,  may  be   approximately  calculated  from  the   birth-rate   and 

death-rate  by  the  following  formula:   Mean  duration  of  life  =  (^-x^\ 

+  Tk  X 5  )  when  B  =  birth-rate  per  unit  of  population  and  D  =  death-rate- 

per  unit  of  population.     Thus  in  Manchester  with  a  birth-rate  of  33  and* 
death-rate  of  29  the  formula  would  be 

/2     100\       /I     100\ 

V3  ^  29"  J  "•"  V3  ^  837  =  ^^  +  1^  =  ^0  =  ^^an  duration  of  life. 

Mean  Age  at  Death.— This  is  the  sum  of  the  ages  of  a  certain  number  of 
individuals  at  death  divided  by  the  number  of  deaths. 

The  method  has  been  used  in  order  to  compare  the  viability  of  groups  or 
classes  of  the  population  ;  but  even  when  a  sufficient  number  of  deaths  have 
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been  used  to  obtain  a  correct  average,  it  is  only  under  certain  severe  restric- 
tions that  the  comparison  will  be  a  sound  one. 

It  can  only  be  employed  with  safety,  as  a  test  or  measure,  in  those  cases  in 
which  the  group  or  class  to  which  it  is  applied  is  retained  in  a  state  of  perfect 
uniformity,  during  the  whole  time  comprised  in  the  calculation.  If,  for  in- 
stance, we  compare  the  mean  age  at  death  of  one  class  of  the  aristocracy  with 
that  of  another,  or  the  ages  at  death  of  different  professions,  the  result  will 
only  be  satisfactory  if  the  individuals  in  question  all  start  at  the  same  age, 
and  if  they  receive  no  accession  in  numbers  during  the  time  involved  in  the 
calculation. 

If  in  any  community  there  is  no  emigration  or  immigration,  and  the 
births  and  deaths  are  nearly  equal  for  100  years,  the  mean  age  at  death  will 
coincide  with  the  mean  future  lifetime ;  but  in  England  neither  of  these  condi- 
tions are  fulfilled,  the  births  greatly  exceed  the  deaths,  and  migrations  are 
frequent :  hence  the  mean  age  at  death  in  England  in  1842  was  not  41  but  29» 
The  error  in  the  result  by  this  method  was  twelve  years  in  forty-one  years. 

Dr.  Farr  gives  several  examples  of  the  extent  of  error  possible  by  this, 
method  (6th  Annual  Report,  p.  575),  one  of  which  may  be  given  :  '  Let  us 
suppose,'  he  says,  '  that  in  two  contiguous  parishes,  equally  healthy,  A  and  B, 
all  the  children  are  born  in  A,  and  remain  there  up  to  the  age  of  twenty,  and 
if  they  die  are  registered  in  the  parish  register  ;  that  at  twenty  all  the  survivors 
emigrate,  year  by  year,  to  B,  and  when  they  die  are  registered  by  the 
clergyman  of  B  in  his  register.  Now,  if  the  mean  age  of  death  were  taken 
in  the  parish  A,  it  would  be  about  four  years  (according  to  the  present  rate  of 
mortality  in  England),  while  it  would  be  sixty  years  in  the  parish  B.  The 
emigration  of  a  part  of  the  adult  population  from  the  country  to  towns  pro- 
duces an  effect  of  precisely  the  same  kind  though  to  a  less  extent.' 

Another  example  may  be  taken.  An  unhealthy  military  station,  like 
Sierra  Leone,  might  have  its  garrison  constantly  renewed  by  the  arrival  of 
fresh  troops  from  England.  These  men  might  be  killed  off  in  a  short  time 
by  the  action  of  the  deadly  climate,  and  yet  since  the  ages  of  these  soldiers 
would  not  be  less  than  twenty  to  thirty  years,  the  average  age  at  death  would 
be  very  high,  and  would  consequently  indicate  a  very  healthy  condition  a& 
compared  with  English  country  districts. 

The  mean  age  at  death  gives  information  as  to  the  ages  of  the  dying,  and 
per  contra  of  the  living,  in  different  communities,  but  it  does  nothing  more. 

Standards  of  Comparison. — -In  order  that  statistics  may  be  of  service  for 
the  purposes  of  public  health,  it  is  important  that  they  should  be  comparable. 
Thus,  it  is  often  necessary  to  compare  the  condition  of  a  community  at  one 
period  with  its  condition  at  another  period  ;  or,  again,  we  may  need  to  con- 
trast its  sanitary  state  with  that  of  some  other  community. 

Comparisons  are  essential  to  the  sanitarian  as  tests  of  his  progress,  and 
as  a  means  of  determining  the  true  causes  of  disease. 

It  is  sometimes  possible  to  make  a  direct  comparison  between  the  gross 
mortahty  of  a  place  at  one  time  with  that  at  another  time,  or  with  that  of 
another  place  ;  and  the  number  of  cases  of,  or  the  deaths  from,  certain 
diseases  may  be  noted  within  a  given  period,  say  a  week,  month,  year,  or 
ten  years,  and  the  increase  or  diminution  of  these  numbers  at  a  subse- 
quent period,  in  similar  spans  of  time,  may  be  a  measure  of  the  sanitary 
state  of  the  community.  But  in  order  that  deductions  from  these  figures  may 
be  useful,  it  is  imperative  (1)  that  the  rules  already  laid  down  should  be 
observed,  and  (2)  that  the  method  should  only  be  applied  to  places  of  the 
same  number  and  class  of  inhabitants,  or  to  the  same  place,  unaltered  in 
the  constitution  of  its  inhabitants  at  different  periods  of  time. 
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It  need  hardly  be  said  that  these  conditions  are  very  seldom  fulfilled, 
■either  in  different  towns,  or  in  the  same  town  at  different  periods  of  time.  It 
is,  moreover,  frequently  desirable  to  compare  towns  or  communities  having 
populations  differing  in  numbers.  It  thus  often  becomes  necessary  to  fix 
upon  some  common  standard  with  which  the  number  of  births  and  deaths, 
or  deaths  from  different  diseases,  may  be  compared  in  the  first  instance ;  in 
other  words,  to  make  an  indirect  comparison. 

Comparison  with  Total  Deaths. — By  some  statists  the  number  of  deaths 
from  certain  classes  of  disease  for  every  1,000  deaths  from  all  causes  is  taken 
as  a  basis  for  comparing  the  sanitary  condition  of  different  towns. 

The  latter  method  has  been  employed  very  legitimately  by  Dr.  Farr  in 
some  of  the  returns  of  the  Registrar-General.  In  his  tables  it  serves  to 
show  the  relative  proportions  in  which  the  several  morbific  agencies  affect 
the  health  of  the  nation  at  different  times,  and  he  does  not  attempt  to  draw 
any  other  conclusions  from  them.  But  it  has  been  used  with  less  caution, 
for  instance,  by  Dr.  Lombard  in  his  '  Traite  de  Climatologie  Medicale.'  It 
is  here  used  to  indicate  the  relative  degree  to  which  different  nations  or 
different  towns  are  subject  to  certain  classes  of  disease.  Very  fallacious 
results  may,  however,  be  drawn  from  such  tables  as  these  ;  and  to  prove  this 
it  will  be  sufficient  to  consider  the  result  of  the  method  in  only  one  case. 
For  the  sake  of  simplicity,  it  shall  be  a  supposititious  one  ;  but  it  would  not 
be  difficult  to  produce  a  parallel  case  in  actual  fact,  if  it  were  needful. 

We  will  suppose,  then,  that  in  a  certain  town  of  100,000  inhabitants  the 
total  number  of  annual  deaths  is  2,000,  and  that  out  of  these,  600  are  deaths 
from  phthisis ;  in  other  words,  that  the  rate  of  mortality  is  20  per  1,000  of 
the  population,  and  that  the  phthisis-rate  is  5  per  1,000. 

By  the  above-mentioned  method,  then,  the  proportion  of  phthisis  deaths 
-to  the  total  deaths  would  be  250  per  1,000. 

In  another  town  of  the  same  size  the  total  number  of  deaths  is  4,000  per 
annum,  i.e.  its  rate  of  mortality  is  forty  per  1,000  of  population.  In  this 
town  the  number  of  deaths  from  phthisis  is  1,000 — twice  as  many  as  in  the 
former  place — but,  according  to  Lombard's  calculations,  the  proportion  of 
phthisis  deaths  to  the  total  mortality  will  be  the  same  as  before,  as  1,000  to 
4,000,  or  250  per  1,000.  It  would  thus  appear  that,  so  far  as  regards  con- 
sumption and  its  causes,  this  town  is  in  no  worse  condition  than  the  other, 
whilst  in  reahty  their  intensity  is  doubled.  The  source  of  the  fallacy  in  this 
conclusion  is  sufficiently  obvious  ;  it  lies  in  the  want  of  homogeneity  or 
similarity  in  the  standard  selected  as  common  to  the  two  places. 

2.  Comparison  of  Deaths  with  Births. — Similar  objections  would  apply  to 
taking  the  number  of  births  as  a  standard  with  which  to  compare  the  deaths. 
The  number  of  births  per  1,000  of  population  varies  greatly  in  different 
towns,  owing  to  conditions  quite  independent  of  their  sanitary  state  ;  such, 
for  instance,  as  the  prosperity  or  otherwise  of  the  inhabitants,  the  price  of 
corn,  or  the  activity  of  trade,  affecting  the  marriage-rate,  and  after  this  the 
birth-rate.  It  is  thus  quite  unsafe  to  take  the  number  of  the  births  as  a  basis 
for  comparison. 

3.  The  Begistrar-GeneraVs  Method.— It  is  probably  owing  to  the  uncer- 
tainty of  other  standards  that  the  deaths  and  other  items  of  vital  statistics 
are  usually  compared  with  each  1,000  or  100,000  of  the  population  ;  and 
there  can  be  no  doubt  that  this  is  the  most  satisfactory  method,  if  only 
proper  precautions  be  taken.  It  is  the  method  employed  by  the  Eegistrar- 
General,  and  is  very  simple  in  its  calculation. 

The  marriage-rate,  birth-rate,  and  death-rate  of  any  place  are  all  found 
by  a  simple  rule-of-three  sum ;  thus,  if  the  population  of  the  place,  deter- 
mined by  the  results  of  the  census,  be  31,534,  and  the  number  of  births 
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and  deaths  taking  place  during  the  year  are  respectively  1,192  and  549» 
then 

(1)  J:192_  ^  j^QQQ  ^  3^.g  ^  birth-rate. 
^  '    31,534 

(2)  _ii?_x  1000  =  17-0  =  death-rate.' 
^  '    31,534 

The  marriage-rate  is  of  importance  to  the  statesman  as  showing  the 
relative  prosperity  of  the  mass  of  the  population  in  dhferent  years,  but  it 
is  also  of  interest  to  the  sanitarian  from  its  relation  to  the  subject  of  the 
fecundity  of  marriage,  and  the  bearing  of  this  factor  upon  the  numbers  of 
the  population  at  the  different  ages  and  their  several  rates  of  mortality.  It 
maybe  stated  that  the  marriage-rate  per  1,000  of  population  has  fallen  in 
England  and  Wales  fi-om  17-6  in  1873  to  14-2  in  1887,  and  m  Scotland  the 
rates  in  these  years  were  respectively  15-5  and  12*5.  A  similar  reduction  has 
been  noted  in  other  European  countries.  Owing  to  the  higher  wages  to  be 
obtained  in  towns,  and  to  the  preponderance  of  adults  between  twenty  and 
forty  years  of  age,  it  is  always  greater  in  urban  than  in  rural  districts. 
Many  persons  also  resort  to  towns  merely  to  be  married,  where  their 
marriages  are  registered,  and  they  subsequently  return  to  the  rural  districts. 

The  age  at  marriage  is  not  always  accurately  determined,  but,  on  the 
whole,  since  1873,  when  the  prosperity  of  the  country  ceased  to  advance  '  by 
leaps  and  bounds,'  this  age  for  bachelors  has  risen  from  25-6  to  26*2,  and  for 
spinsters,  from  24*2  to  24-7. 

The  birth-rate  of  the  whole  country  has  also  diminished  from  36' 3  in 
1876  to  31*4  in  1887,  the  highest  rates  taking  place  in  industrial,  the  lowest 
in  agricultural  districts,  partly  owing  to  the  above-mentioned  causes  of 
higher  marriage-rates,  and  partly  owing  to  the  greater  mortality  of  infants 
in  towns.  By  shortening  the  period  of  suckhng,  this  mortality,  by  a  physio- 
logical law,  diminishes  also  the  intervals  of  child-bearing. 

Quarterly,  vionthly,  and  weekly  returns  are  calculated  by  dividing  the 
estimated  population  by  365*24226,  the  number  of  days  in  a  natural  year ; 
the  dividend  is  then  multiphed  by  7,  to  give  the  weekly  population.^ 

The  zymotic  death-rate,  as  it  is  called,  is  based  on  the  total  number  of 
deaths  occurring  in  a  district  during  the  year  from  seven  zymotic  diseases — 
small-pox,  measles,  scarlatina,  diphtheria,  whooping  cough,  fever  (including 
typhus,  enteric,  and  other  forms  of  continued  fevers),  and  diarrhoea.  The 
objection  to  thus  grouping  all  these  disorders  together  has  already  been, 
pointed  out. 

No  valuable  information  as  to  the  sources  of  mortality  from  any  of  them 
can  thus  be  obtained ;  and  if  it  is  supposed  that  the  extent  of  preventable 
mortality  may  be  estimated  from  such  a  classification,  the  deduction  is  fal- 
lacious, seeing  that  many  other  diseases  are  as  distinctly  preventable  as  those 
enumerated.    It  would  be  far  better  to  give  the  rates  per  1,000  or  100,000  of 

•  By  the  use  of  a  slide-rule,  especially  by  means  of  Col.  Fuller's  machine,  described  by 
Dr.  Paddock  Bate  in  the  Transactions  of  the  Society  of  Medical  Officers  of  Health,  a 
very  close  approximation  to  these  rates  may  be  obtained  without  actual  calculation.  Dr. 
Longstaff  states  in  Studies  in  Statistics  that  he  uses  M.  Thomas'  '  Arithmom^tre  '  witlt 
much  advantage. 

2  Dividing  simply  by  52-17747,  the  number  of  weeks,  gives  the  same  result,  or  by  the 
number  of  days  in  a  month  or  a  quarter,  in  order  to  arrive  at  the  population  which  may 
be  applied  to  the  births  or  the  deaths  in  a  month  or  a  quarter,  and  the  rates  per  1,000  of 
such  population  are  obtained  in  the  manner  just  described.  The  result  is  a  supposititious 
annual  rate — an  annual  rate  per  1,000  of  population — on  the  supposition,  that  is,  that 
the  same  proportion  of  births  or  deaths  would  occur  throughout  the  year,  as  have 
actually  occurred  during  the  week,  or  month,  or  quarter,  under  consideration.  Weekly- 
rates  are  now  published  by  the  Eegistrar-General  for  large  towns  with  an  aggregate: 
population  of  about  nine  millions. 
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the  jjopulation  for  each  fliseaBe  Befjarately,  and  then  the  special  causes  of 
exce:-;HJ\e  mortality  would  he  pointed  out,  and  might  admit  of  remedy. 

The  injoMiU  death-raf/i  is  not  measured  hy  the  proportion  of  infants' 
deaths  to  the  population  ;  it  is  the  proportion  the  deaths  of  children  under  one 
year  of  age  hear  to  the  births  registered,  and  is  thus  expressed  as  so  many 
deaths  to  every  1,000  births.  In  tl-hs  v/ay  the  enumerator  avoids  the  possibility 
of  error,  due  to  the  faults  of  the  census  v/hich  have  been  already  mentioned. 

The  death-rates  of  children  under  five  years  of  age  are  also  not  estimated 
upon  the  total  population,  but  upon  the  number  of  children  living  under 
five  years  of  age. 

The  infantile  mortality  also  depends  somewhat  upon  the  proportion  of 
male  to  female  births,  as  the  rate  of  mortality  at  birth  is  greatest  amongst 
male  children,  the  ratio  being  as  04  to  40. 

The  proportion  varies  somewhat  from  year  to  year,  and  in  different 
countries.  Thus  in  the  ten  years,  1888-47,  105  males  were  horn  to  OA^ery 
hundred  females ;  in  18G8--77, 10u"0  males  v/ere  born  to  every  hundred  females. 

In  i'rance  the  proportion  ia  100' 5  ;  in  Kussia,  108* 9;  in  Holland  and 
Belgium,  106*4  ;  in  Bweden,  104'G. 

The  proportionate  mortality  of  legitimate  and  illegitimate  children  is  not 
given  in  every  return  of  the  Kegistrar-General,  hut  it  was  furnished  by 
Dr.  Farr  in  several  of  his  letters.  In  the  88th  Annual  Keport  he  shows  that 
the  mortality  of  children  born  out  of  wedlock  is  twice,  or  in  some  districts 
three  times,  as  great  as  that  of  legitimate  children,  and  thus  indicates  their 
unfavourable  position  :  'Who  can  doubt,'  he  says,  'that  their  bringing  up 
is  much  harder  and  more  difficult  ;  that  the  existence  of  a  class  of  men 
hound  to  .society  by  few  or  no  family  ties  is  not  a  matter  of  indifference  to 
the  State  ?  It  is  beyond  doubt  that  fewer  illegitimate  children  grow  up  to 
maturity;  that  they  get  through  the  v/orld  with  more  trouble  than  children 
horn  in  wedlock  ;  that  more  of  thern  are  poor  ;  and  that  therefore  more  of 
them  become  criminals  '  (quotation  from  Bernouillij. 

The  percentage  of  illegitimate  to  total  births  in  England  in  1884  was 
4'7.  In  1875,  in  Liverpool,  their  death-rate  was  418  ;  in  Preston,  448,  the 
death-rates  among  the  legitimate  being  205  and  214  respectively.  In 
Driffield  the  respective  rates  of  legitimate  and  illegitimate  were  108  and  596. 

The  following  table  gives  the  average  rates  of  mortality  in  successive 
decades,  and  in  1885  and  1890  from  all  caiises,  and  from  the  more  important 
•causes  of  death.  It  is  desirable  that  those  for  the  later  years  should  be 
borne  in  mind,  when  a  comparison  of  similar  rates  in  any  given  district  with 
those  of  the  rest  of  the  kingdom  is  needed. 


Table  V. — Annual  Mortality  pe^  Mill/l/jn  Iking, 

at  all  Afj 

e.3,  in  three  Lecennia,  from 

several  causes 

— 

1851-60 

lfiBl-70 

1^71-80 

]fift5 

1830 

All  cauBCB 

22,165 

22,416 

21,272 

19,010 

19,548 

Hmall-pox 

221 

16.^ 

2:5  6 

100 

1 

MeaHloB 

412 

440 

.^78 

5.S0 

4.39 

Scarlet  fever 

87f; 

072 

716 

2:^.0 

242 

Diphtheria 

W.i 

IHo 

121 

160 

179 

■Whooping  cough 

r,()?, 

.027 

.012 

480 

478 

i'V;ver 

!)08 

HHr, 

484 

200 

197 

Jjiarrhoial  diHcascB       .... 

]  ,080 

1,076 

O.'i.O 

000 

606 

Cancer 

■Ml 

•.'.HI 

47.'i 

570 

676 

Phthisis 

2,070 

2,47.0 

2,116 

1 ,7.00 

1,681 

Diaeases  of  rcHpiratory  organs 

.'5,021 

8,:564 

.^,760 

.'5,8.00 

4,229 

„          nervous  system . 

2,741 

2,78.0 

2,770 

2,600 

2,494 

„           heart,  &c.,incluflingf]ropHy 

1,247 

1,.S40 

1,477 

1,600 

1,757 

Infants,  under  five,  per  million  at  thoHe 

ages 

07,602 

68,305 

63,116 

52,900 
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Sources  of  Fallacy  in  Death-rates.— Beior^  proceeding  to  point  out  the 
applications  of  the  figures  given  by  the  Eegistrar-General,  it  will  be 
necessary  to  inquire  in  some  detail  into  the  several  sources  of  error  that 
they  contain,  and  which  may  mterfere  vdth  their  trustworthiness.  Before 
they  can  be  appHedto  the  investigation  of  the  relative  healthiness  of  districts, 
the  limits  of  possible  error  must  be  ascertained,  and  also  how  far  erroneous 
•conclusions  may  be  obviated. 

1.  Age  and  Sex  Distribution.— It  va\lh&Ye  been  apparent  from  the  tables 
ah-eady  given  that  the  mortality  differs  considerably  in  the  two  sexes,  and  at 
different  ages  ;  hence  populations  cannot  fairly  be  compared  with  each  other 
■as  regards^their  death-rates,  unless  the  towns  thus  put  into  comparison  show 
no  material  differences  from  each  other  in  respect  of  the  age  and  sex  dis- 
tribution of  their  populations.  As  the  Eegistrar-General  says  in  his  annual 
summary  for  18S3. '  it  is  self-evident  that  if  one  town  contains  a  much  larger 

Table   VI. 


1 

Towns  in  tlie  order  of  their 

standard     < 

Factor  for 
'orreetion  for 

Recorded 

Corrected 

Comparative 

mortality 

figure* 

corrected  death-rates 

death-raie  ^ 

ses  and  age 

death-rate 

death-rate  ' 

1 

distribution^ 

28  Tovrus       . 

Column  L 

Column  IL 

Column  m. 

Column  TV. 

Column  v. 

19-96 

1-0657 

21-57 

22-99 

1,178 

Bristol         .... 

20-55 

1-0351 

17-90 

18-53 

949 

Norvricli      .... 

22-24 

0-9565 

19-64 

18-79 

963 

Derby          .... 

20-45 

1-0402 

18-09 

18-82 

964 

Portsmouth 

20-65 

1-0301 

18-61 

19-17 

982 

Brighton     .... 

20-66 

1-0296 

19-22 

19-79 

1,014 

Bradford     .... 

19-26 

1-1045 

18-34 

20-26 

1,038 

Leicester     .... 

20-31 

1-0474 

19-40 

20-32 

1.041 

Plymouth    .... 

21-48 

0-9903 

20-86 

20-66 

1,058 

Bu-kenhead         . 

19-89 

1-0695 

19-86 

21-24 

1,088 

London       .... 

20-04 

1-0615 

20-44 

21-70 

1,112 

Halifax       .... 

19-58 

1-0864 

•20-04 

21-77 

1,115 

Wolverhampton . 

20-63 

1-0311 

21-27 

21-93 

1,123 

Cardiff        .... 

19-60 

1-0853 

20-21 

21-93 

1,123 

Nottingham 

20-07 

1-0599 

21-26 

22-53 

1,154 

Birmingham 

19-95 

1-0663 

21-34 

22-75 

1,165 

Huddei^sheld 

19-37 

1-0982 

21-30 

23-39 

1,198 

Hull 

20-62 

1-0316 

22-80 

23-52 

1,205 

Bolton         .... 

19-41 

1-0959 

21-68 

23-76 

1,217 

Salford        .... 

19-54 

1-08S6 

22-41 

24-40 

1,250 

Oldham       .... 

19-17 

1-1097 

22-00 

24-41 

1,251 

Sheffield     .... 

19-78 

1-0754 

22-93 

24-66 

1,263 

Leeds 

19-90 

1-0689 

23-26 

24-86 

1,274 

Sunderland 

20-43 

1-0412 

24-54 

25-55 

1,309 

Blackburn  .... 

19-52 

1-0898 

24-50 

26-70 

1,368 

Ne-ft-castle-on-TjTie     . 

2010 

1-0583 

25-46 

26-94 

1,380 

Preston       .... 

19-59 

1-0859 

25-48 

27-67 

1,418 

Liverpool    .... 

19-39 

1-0971 

26-69 

29-28 

1,500 

Manchester 

'      1909 

1-1143 

27-64 

30-80 

1,578 

'  The  standard  death-rate  signifies  the  death-rate  at  all  ages,  calculated  on  the  hypothesis  that  the  rate 
at  each  of  twelve  age  periods  in  each  town  was  the  same  as  in  England  and  Vy'ale^  during  the  ten  years  1S71-S0, 
the  death-rate  at  aU  ages  in  England  and  Wales  during  that  period  being  21-27  per  1,000. 

^  The  factor  for  correction  is  the  figure  by  which  the  recorded  death-rate  should  be  multiplied  in  order 
to  correct  for  variations  of  sex  and  age  distribution. 

»  The  corrected  death-rat€  is  the  recorded  death-rate  multiplied  by  the  factor  for  correction. 

*  The  comparative  mortality  figure  represents  the  corrected  death-rate  in  each  town  compared  ■with  the 
recorded  death-rate,  at  all  ages,  in  England  and  Wales  in  1S83,  taken  as  1,000. 

proportion  either  of  very  old  persons  or  of  very  young  children  than  another, 
its  general  death-rate  will  necessarily  be  higher  than  that  of  such  other, 
although  the  two  are  on  an  exact  equality  as  regards  the  death-rates  at  the 
several  age  periods  ;  and  so  it  will  also  be  if  the  one  toT^Ti  has  a  much  larger 
proportion  of  males  than  the  other,  inasmuch  as  the  male  death-rate  is 


496 


HYGIENE 


almost  invariably  higher  than  the  female  death-rate.  Thus,  taking  the- 
population  of  each  of  the  twenty-eight  towns,  with  the  age  and  sex  distri- 
bution shown  at  the  last  census,  and  applying  to  it  the  mean  annual  death- 
rate  for  each  sex  at  each  age  period  in  England  and  Wales  in  1871-80,  we 
have  a  series  of  death-rates,  which  are  given  in  Column  I.  of  the  table  on 
page  495.  It  will  at  once  be  seen  that  these  rates  differ  considerably  from 
each  other,  and  from  the  rate  in  England  and  Wales  as  a  whole.  The 
differences  are  caused  simply  and  wholly  by  difference  in  sex  and  age  distri- 
bution, the  rates  being  those  which  would  have  been  recorded  in  the  towns 
as  their  general  death-rates,  had  their  male  and  female  populations  been 
equally  healthy  with  the  male  and  female  population  of  the  entire  country 
at  each  separate  age  period.  It  will  be  convenient  to  speak  of  these  hypo- 
thetical death-rates  in  Column  I.  as  the  standard  rates.  Before,  therefore, 
the  recorded  death-rates  in  the  towns  can  be  fairly  put  into  comparison  witk 
each  other  as  measures  of  healthiness,  they  must  be  corrected  for  these  in- 
herent differences  of  the  standard  rates  ;  and  it  is  plain  that  the  correction 
for  1871-80  will  be  duly  made  if  the  recorded  rate  in  each  town  be  multiplied 
by  the  number  against  the  town  in  Column  II.,  this  number  being  obtained  by 
dividing  the  annual  death-rate  in  England  and  Wales  in  the  decade  (21-27)  by 
the  standard  death-rate  in  Column  I.  The  recorded  death-rates  in  the  several 
great  towns  in  1883  are  given  in  Column  III. ;  multiplying  these  by  the  factors, 
we  obtain  the  corrected  death-rates  in  Column  IV.  These  are  the  death-rates- 
that  would  have  been  recorded  in  each  town  had  its  population  been  identical, 
so  far  as  age  and  sex  distribution  are  concerned,  with  the  population  of 
England  and  Wales ;  and  it  will  at  once  be  seen,  on  comparing  the  recorded 
with  the  corrected  rates,  that  the  mortality  of  the  towns  as  compared  with 
that  of  the  entire  country,  is,  with  but  few  exceptions,  very  much  greater 
than  would  be  concluded  from  the  recorded  general  death-rates.  The  towns 
contain,  as  a  rule,  a  much  smaller  proportion  of  aged  persons,  and  a  much 
higher  proportion  of  persons  in  the  prime  of  life,  as  also  a  much  higher 
proportion  of  females,  than  does  the  country  at  large  ;  and  though  these 
advantages  are  somewhat  counterbalanced  by  an  excess  in  the  proportion  of 
children,  they  are  so  to  a  hmited  extent  only.' 

By  this  method  we  are  saved  from  the  errors  arising  simply  from  differ- 
ences in  the  age  and  sex  distribution  of  the  population,  from  whatever  cause 
these  may  arise,  whether  from  different  birth-rates  or  the  immigration  or 
emigration  of  the  people.  A  still  simpler  method  of  correcting  the  general 
death-rate  may  be  adopted  by  taking  advantage  of  the  death-rates  at  each 
successive  age  period,  which  are  given  in  the  supplement  to  the  45th  Annual 
Eeport  of  the  Eegistrar-General,  for  each  district  m  the  kingdom.  These  death- 
rates  in  any  one  district  may  be  applied  by  the  rule  of  proportion  to  a  popu- 
lation of  1,000  persons  having  the  same  age  distribution  as  the  population  of 
England  and  Wales.  The  following  table  gives  the  relative  numbers, 
required: — 


Table  VII. — Age  Distribution  of  Populatio7i  {  Persons)  of  England  and  Wales 
{Mean  of  1871  and  1881). 


All  ages 

Age  periods 

Under  6 

5- 

10- 

15- 

20- 

25-         35- 

45- 

55- 

65- 

75  and  upwards 

1,000 

136 

120 

107 

97 

89 

147 

113 

86 

59 

33 

13 
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We  will  take  the  town  of  Stoctport  as  an  example  of  the  process.     The 
figures  given  by  Dr.  Ogle  in  his  supplement  are  as  follows  : — 


Annual  death-rate, 
all  causes   .    .    . 

All 
ages 

Under      . 
5           ^- 

10- 

15- 

20- 

25- 

35- 

45- 

55- 

65- 

75  and 
upwards 

■population    .     .    . 

107,433 

13,794  12,006 

11,338 

10,908 

10,013 

16,505 
158 

12,793 
181 

9,676 

6,393 

3,116 

891 

Deaths  in  one  year, 
all  causes  .    .    . 

2,657 

1,108       95 

43 

65 

79 

213 

278 

270 

168 

Corrected  rate  per 
1,000  of  popula- 
tion    

25-2 

10-9        0-9 

1 

0-4 

0-5 

0-7 

1-4 

1-6 

1-8 

2-5 

2-8 

1-7 

The  figures  in  the  fourth  row  (corrected  rates)  are  obtained  by  the  rule 
of  proportion,  thus  : 

1108x136  ^  150688 
13794 


10-9. 


13794 

If  13,794  children  under  five  yield  1,108  deaths,  136  will  yield  10-9. 

2.  The  Emigration  of  Persons  from  a  Place  shortly  before  Death. — One 
important  source  of  error  remains  unaffected,  namely,  the  registration  of 
deaths  in  places  distinct  from  those  in  which  the  fatal  disease  originated. 
This  occurrence  takes  place  more  frequently  than  is  commonly  supposed, 
and  to  an  extent  sufficient  to  greatly  injure  death-rates  as  a  means  of  com- 
parison for  health  purposes.  It  may  take  place  in  the  case  of  workpeople 
who  have  been  attracted  from  the  country  to  a  town  by  the  prospect  of 
employment,  and  whose  health  has  been  injured  by  it  to  the  extent  of 
contracting  a  fatal  disease.  They  are  obliged  to  leave  their  work,  and 
return  to  their  homes  in  the  country  to  die  amongst  their  friends. 

But  the  cases  in  which  this  emigration  to  die  are  most  common  are- 
those  of  domestic  servants.  When  a  servant  is  taken  ill  with  some  serious 
illness,  in  far  the  majority  of  instances,  he  or  she  is  sent  away  to  friends  ; 
and  this  fact  is  the  chief  cause  of  the  abnormally  low  death-rates  of  the 
suburbs  of  towns.  Many  suburban  districts  show  through  a  series  of  year& 
impossible  death-rates  of  12  or  10,  or  even  8  per  1,000 ;  and  when  it  is  con- 
sidered that  a  death-rate  of  10  per  1,000  means  that,  if  the  population  were 
stationary,  every  person  in  the  place  would  live  on  the  average  to  100  years, 
and  that  if  any  die  under  that  age,  others  must  live  to  a  proportionate  extent 
beyond  that  age,  in  order  to  keep  up  the  average,  it  wiU  be  seen  that  the 
phrase  '  an  impossible  death-rate  '  is  not  too  strong.  A  mortality  rate  of  only 
12  per  1,000  means  an  average  age  at  death  of  83 ;  and  15  per  1,000,  an 
average  age  at  death  of  66.  In  many  health  resorts  also  there  is  the  further 
probability  that  many  visitors  whose  presence  has  been  noted  at  the  time  of 
the  census  return  home  before  death  takes  place.  In  no  other  way  than  by 
one  of  these  two  occurrences  can  we  account  for  such  a  death-rate  as  that 
of  Malvern,  for  instance,  of  9*12  per  1,000,  which  is  duly  advertised  in 
railway  guides,  and  in  other  ways,  as  a  proof  of  the  extraordinary  healthiness 
of  the  place. 

This  source  of  error  not  unfrequently  injures  the  comparative  value  of 
even  town  death-rates,  for  one  town  may  include  more  suburban  districts 
than  another ;  and  where  there  are  many  well-to-do  people  resident  within 
its  borders — people  who  employ  many  domestic  servants — its  death-rate  will 
be  unduly  lowered  by  the  cause  we  have  just  mentioned,  and  the  average  of 
the  whole  town  will  be  more  favourable  than  one  inhabited  almost  entirely 
by  a  working-class  population. 

8.  Another  source  of  error  in  death-rates  is  the  presence  in  a  town  of 
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large  hospitals,  workhouses,  and  public  institutions ;  and  this  is  especially 
the  case  in  county  towns,  into  which  people  from  the  country  are  received, 
in  many  cases  to  die  there.  The  Eegistrar-General,  however,  always  notes 
the  fact  of  the  presence  of  these  institutions,  and  thus  calls  attention  to  a 
probable  source  of  fallacy. 

4.  Errors  in  connection  with  the  schedules  of  disease,  the  causes  of 
death.  In  the  Eegistrar-General' s  returns  the  causes  of  death,  or  rather 
the  names  of  the  diseases  which  are  supposed  to  have  immediately 
preceded  the  deaths,  are  recorded  under  the  heads  of  a  carefully  framed 
classification  of  diseases. 

These  nosological  tables  have  been  greatly  improved  since  they  were  first 
brought  out,  and  they  are  now  apparently  constructed  with  a  view  of  ob- 
taining some  idea  of  the  true  causes  of  death  and  the  various  injurious 
conditions  which  have  led  to  the  diseases  finally  entered  on  the  certificates 
of  death. 

The  defects  in  these  records  are  to  be  found,  not  in  the  arrangement  of 
ihe  statistical  tables,  but  in  the  data  upon  which  these  are  founded. 

However  perfect  the  grouping  of  diseases  in  separate  classes  and  orders, 
the  tables  are  of  httle  value  if  the  diseases  which  they  include  have  been 
imperfectly  observed  or  wrongly  entered. 

Unfortunately,  owing  to  the  defects  enumerated  on  pp.  475  and  476,  the 
evidence  given  by  these  elaborately  arranged  statistics  is  almost  useless  for 
the  purpose  of  compariog  one  place  with  another,  or  one  period  of  time  with 
an  earlier  or  later  period. 

Many  of  these  defects  would  probably  be  greatly  reduced  in  number  and 
in  their  evil  influence  by  the  adoption  of  Dr.  Farr's  suggestion  for  the 
appointment  of  a  Eegistration  Medical  Officer  in  each  superintendent- 
registrar's  district.  But  for  the  present  it  is  necessary  to  warn  those  who 
consult  the  returns  that  no  certain  conclusions  can  be  drawn  from  them. 

Even  at  the  best,  as  Mr.  Humphreys  has  pointed  out  ('  Vital  Statistics,' 
p.  115),  'causes  of  death  in  the  death  register  are  necessarily  httle  more 
than  the  more  or  less  trustworthy  guesses  of  a  large  body  of  more  or  less 
skilled  observers.'  *  Statistics  of  causes  of  death  should  therefore  be  compiled 
with  caution,  and  without  any  attempt  at  over-elaboration  of  detail.  StiU 
greater  caution  should  be  used  in  drawing  inferences  and  deductions  from  a 
comparison  of  the  results  for  a  series  of  years.' 

The  Distribution  of  Death  and  Disease 

Some  of  the  results  of  the  study  of  vital  statistics  may  now  be  given. 

Dr.  Headlam  Greenhow  in  the  year  1858  presented  to  the  General 
Board  of  Health  his  '  Papers  relating  to  the  Sanitary  State  of  the  People  of 
England,'  the  results  of  inquiry  into  the  different  proportions  of  death 
produced  by  certain  diseases  in  different  districts  in  England.  These  diseases 
were  arranged  in  ten  groups — 1,  Pulmonary  affections ;  2,  contagious 
diseases;  3,  alvine  flux;  4,  typhus  and  erysipelas;  5,  croup,  influenza,  and 
ague ;  6,  strumous  diseases ;  7,  nervous  diseases  of  children ;  8,  apoplexy 
and  paralysis ;  9,  rheumatic  fever  and  rheumatism ;  10,  carbuncle  and 
phlegmon.  These  papers  were  subsequently  followed  up  by  reports  to  the 
Privy  Council  by  Dr.  Greenhow  and  others  on  these  and  other  subjects,  such 
as  industrial  diseases,  cholera,  phthisis,  excremental  nuisances  in  relation 
to  disease,  small-pox,  cancer,  &c. 

AU  these  papers  are  of  great  interest  and  importance,  but  they  must  be 
studied  in  the  official  reports  to  the  Privy  Council  and  to  the  Local  Govern- 
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ment  Board,  together  witli  the  remarks  made  upon  them  by  Sir  John  Simon 
and  Sir  George  Buchanan. 

One  of  the  most  important  deductions  from  Dr.  Greenhow's  researches 
was  the  demonstration  that  a  large  part  of  the  mortality  in  England  and 
Wales  was  preventable. 

Preventable  Mortality. — Sir  John  Simon  remarked  in  his  preface  to  Dr. 
Greenhow's  papers  that  there  were  then  '  strong  prima  facie  grounds  for 
beheving  that  the  local  excesses  of  fatality  are  due  to  local  circumstances  of 
aggravation;  that  these  aggravating  local  circumstances  are  such  as  it  is 
fully  possible  to  counteract ;  and  that  of  the  total  mortality  ascribed  to  these 
influences  in  England  a  very  large  share  is  preventable. 

He  afterwards  infers  that  this  preventable  disease  occasions  '  at  least  a 
quarter  of  the  mortality  of  England,'  about  100,000  deaths  at  that  time. 

That  this  was  not  an  over-estimate  is  now  proved  by  the  facts — 1,  that 
the  then  death-rate  of  23-1  per  1,000  has  been  reduced  to  19*5 — 3,500  per 
milhon — more  than  90,000  at  the  present  population ;  and  2,  that  many 
thousand  preventable  deaths  still  take  place  annually. 

Such  fulfilment  of  prophecy  ought  to  give  statesmen  confidence  both  in 
the  accuracy  of  forecast  on  the  part  of  our  leading  sanitarians,  and  in  the 
efficacy  of  the  measures  which  they  have  recommended  for  the  reduction  of 
the  death-toll,  now  and  in  past  times,  levied  upon  the  nation. 

As  results  of  these  researches  on  the  part  of  Dr.  Greenhow  and  his  suc- 
cessors, many  of  the  influences  bearing  upon  the  production  of  disease  have 
been  discovered. 

Thus  pulmonary  affections  have  been  found  to  be  closely  related  to  irritating 
dusts  and  fumes,  to  ill-ventilated  rooms  and  workshops,  to  indoor  employ- 
ments and  stooping  postures  when  at  work. 

Consumption  has  been  traced  to  the  breathing  of  air  charged  with 
respiratory  impurity,  and  to  the  influence  of  a  damp,  non-porous  subsoil. 

Epidemic  diseases,  notably  scarlet  fever  and  cholera,  are  found  to  affect 
especially  certain  districts,  and  the  same  is  true  of  diarrhoea  and  dysentery. 

Diarrhoea  and  enteric  fever  have  been  traced  with  certainty  to  the  con- 
tamination  of  drinking  water  by  fsecal  matter,  either  of  a  specific  or  non- 
specific character.  Diphtheria,  enteric  fever,  and  scarlet  fever  have  also  been 
connected  with  polluted  milk  and  with  imperfect  drainage  ;  typhus  fever  with 
overcrowding. 

Scrofula  has  been  shown  to  be  more  fatal  in  country  districts,  and  the 
nervous  diseases  of  children,  including  convulsions,  in  manufacturing  towns, 
especially  where  females  work  in  factories,  and  also  in  Caernarvon. 

Heart  disease  and  rheumatism  are  most  common  in  valleys,  and  in  places 
protected  from  the  influence  of  prevailing  winds,  and  cancer  '  in  the  sheltered 
and  low-lying  vales  traversed  hj  fully  formed  rivers,  and  having  sites  composed 
of  the  more  recent  geological  formations  '  ('  Haviland's  Geography,'  p.  86). 

These  results  have  been  obtained,  for  the  most  part,  by  the  use  of  the 
Eegistrar-General's  returns ;  and,  notwithstanding  the  inherent  defects  of 
these  statistics  they  are  well  worthy  of  study,  together  with  the  other  original 
researches  promoted  by  the  medical  officers  of  the  Privy  Council  and  the 
Local  Government  Board.  But  they  are  chiefly  important  in  regard  to  the 
question  of  the  origin  of  disease. 

More  immediately  connected  with  the  statistical  work  of  a  medical  officer 
of  health  are  the  facts  ascertained  concerning  the  distribution  of  death  and 
disease  in  relation  to— 1,  age;  2,  density  of  population;  3,  climate  and 
season ;  4,  occupation. 
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1.  Age. 

In  the  Supplement  to  the  Eegistrar-General's  35th  Eeport,  Dr.  Farr 
describes  '  the  march  of  an  Enghsh  generation  through  Hfe,'  and,  although 
space  does  not  permit  us  to  give  it  in  full,  it  will  be  necessary  to  lay  his 
main  conclusions  before  the  reader. 

Age  Nil  to  Five. — The  first  thing  to  observe  is  that  the  fatahty  children 
encounter  is  primarily  due  to  the  changes  in  themselves.  Thus  1,000,000 
children  just  born  are  ahve,  but  some  of  them  have  been  born  prematurely; 
they  are  feeble ;  they  are  unfinished ;  the  molecules  and  fibres  of  brain, 
muscle,  bone,  are  loosely  strung  together ;  the  heart  and  the  blood,  on  which 
Hfe  depends,  have  undergone  a  complete  revolution  ;  the  lungs  are  only  just 
called  into  play.  The  baby  is  helpless  ;  for  his  food  and  all  his  wants  he 
depends  on  others. 

It  is  not  surprising,  then,  that  a  certain  number  of  infants  should  die ; 
but  in  England  the  actual  deaths  in  the  first  year  of  age  are  149,493,  in- 
cluding premature  births,  and  death  by  debility  and  atrophy  ;  diseases  of  the 
nervous  system  30,687,  and  of  the  respiratory  organs  21,995.  The  total 
dying  by  miasmatic  diseases  is  31,266. 

In  the  second  year  of  hfe,  pneumonia,  bronchitis,  and  convulsions  are 
still  the  prevalent  and  most  fatal  diseases  ;  many  also  die  then  of  measles, 
whooping  cough,  scarlatina,  and  diarrhoea.  Scarlet  fever  asserts  its  supre- 
macy in  the  second,  third,  fourth,  and  fifth  years  of  age.  Whooping  cough  is 
at  its  maximum  in  the  first  year,  measles  in  the  second,  scarlatina  in  the  third 
and  fourth  years. 

The  deaths  from  all  causes  under  the  age  of  five  years  are  263,182,  in  the 
healthy  districts  only  175,410  ;  but  in  Liverpool  at  that  date  (1875)  460,370, 
or  nearly  half  the  number  born,  died  in  the  five  years  following  their  birth. 

Age  Five  to  Ten. — The  total  deaths  in  the  five  years  following  are  34,309 : 
8,743  of  them  from  scarlatina,  the  principal  plague  of  this  age ;  1,364  from  diph- 
theria, 4,036  from  fever.  More  than  half  the  deaths  in  this  young  age  are 
from  miasmatic  disease,  in  all  19,256. 

Age  Ten  to  Fifteen. — But  702,509  survive  and  enter  in  this  age,  which  cul- 
minates in  puberty  ;  and  684,563  pass  through  it  into  the  next,  for  the  deaths 
are  fewer  than  at  any  other  age.  They  amount  to  17,946,  of  which  1,901  are 
by  scarlatina,  2,842  by  fever,  3,526  by  phthisis. 

Age  Fifteen  to  Tioenty. — Now  the  mortality  increases,  especially  among 
women,  of  whom  2,263  die  of  consumption  and  244  in  childbirth,  for  at  this 
age  a  few  girls  marry  with  some  risk  to  their  lives.  The  deaths  of  males  by 
consumption  are  3,811,  by  fever  1,368. 

Age  Twenty  to  Twenty-five. — At  this  age  large  numbers  marry.  The 
deaths  are  28,705,  of  which  nearly  half,  or  no  less  than  13,785,  are  by  phthisis ; 
1,100  women  die  in  childbirth. 

Age  Tioenty-five  to  Thirty-five. — Of  the  million,  634,045  attain  the  age  of 
twenty-five,  and  271,993  live  to  the  age  of  thirty-five.  Consumption  is  the 
most  fatal  disease  of  the  age  :  it  is  the  cause  of  27,134  deaths,  women  suffer- 
ing more  than  men.  Fever  is  fatal  to  fewer  hves  than  it  was  earlier ;  but  it 
is  by  far  the  most  fatal  of  the  zymotic  diseases,  and  slays  its  4,197. 

Age  Thirty-five  to  Forty-five. — The  losses  are  of  69,078  Hves  :  35,142  men, 
33,936  women.  Many  of  the  structures  now  give  way.  Phthisis  still 
predominates  ;  fever  still  snatches  its  many  victims ;  and  the  brain,  heart, 
lungs,  and  bowels  become  more  and  more  the  seats  of  destructive  disease  : 
564  persons  commit  suicide,  3,280  die  violent  deaths  ;  2,907  of  them  men 
and  373  women  ;  2,516  mothers  die  in  childbirth. 


VITAL  STATISTICS  501 

While  the  deaths  by  fever  are  3,777  out  of  571,993  attaining  this  age  in 
England,  14,322  people  die  of  it  in  the  Liverpool  district  out  of  360,344. 
The  lung  diseases  in  the  two  sets  of  conditions  are  fatal  to  7,452  and  13,967 
lives.  In  the  healthy  districts  the  deaths  by  fever  are  2,700  ;  by  diseases  of 
the  lungs,  5,261. 

Age  Forty-five  to  Fifty-five. — This  age  is  the  middle  arch  of  life,  for  the 
milHon  are  reduced  to  half  a  milUon  lives  a  few  months  after  the  age  of  forty- 
ive.     {Mem.  This  age  is  now  extended  to  forty-nine.) 

The  deaths  by  all  causes  are  81,800  :  by  fever,  3,749  ;  diarrhoea,  dysentery, 
and  cholera,  1,944;  by  phthisis,  16,468;  by  lung  diseases,  13,203 ;  heart  diseases 
and  dropsy,  10,041 ;  brain  diseases,  9,313 ;  bowel  and  liver  diseases,  7,917.  The 
centres  of  hfe  are  sources  of  death.  Cancer,  a  formidable  and  dread  disease 
that  began  to  be  fatal  before,  now  destroys  4,583  lives :  1,140  men,  3,443  women. 

Age  Fifty-five  to  Sixty-five. — The  number  of  males  and  females  surviving 
becomes  equal  at  the  age  of  fifty-three,  but  at  and  after  fifty-five  the  women 
exceed  the  men  in  number,  as  their  mortality  rate  is  lower  ever  after  the 
age  of  thirty-nine. 

While  421,115  of  both  sexes  enter  this  stage  of  life,  309,029  live  on  to 
the  next ;  112,086  die,  only  9,795  of  fever,  diarrhoea,  dysentery,  cholera, 
rheumatism,  and  other  zymotic  diseases.  Cancer  kills  5,998  persons,  4,035 
of  them  women ;  consumption  10,445.  The  diseases  most  to  be  dreaded 
and  guarded  against,  especially  by  men,  are  affections  of  the  lungs  and 
heart,  of  which  23,659  and  17,081  persons  die.  Diseases  of  the  brain  are 
fatal  to  15,678  ;  of  the  stomach  and  intestines  and  liver  are  fatal  to  11,400. 

Age  Sixty-five  to  Seventy-five. — 309,029  enter  this  age,  and  161,124  leave 
it  alive.  The  147,905  dying  in  this  period  succumb  to  the  same  classes  of 
disease  as  were  fatal  in  the  previous  decenniad.  The  year  of  age  seventy-two 
is  that  in  which  the  greatest  number  of  vien  die,  and  which  may  have  led 
the  Psalmist  to  say,  '  The  days  of  the  years  of  our  Hfe  are  threescore  years 
and  ten;'  but  these  are  'days  passed  away  in  Thy  wrath,'  in  violation  of 
the  divine  laws,  and  therefore  are  not  necessarily  the  limit  of  healthy 
existence  where  the  laws  of  life  are  observed. 

Age  Seventy-five  to  Eighty-five. — The  numbers  that  enter  this  decenniad 
are  161,124,  and  the  numbers  that  leave  it  alive  are  38,565.  The  122,559 
that  die  of  recognised  diseases  at  this  age  die  chiefly  of  lung,  brain,  heart, 
and  other  local  diseases. 

Age  Eighty-five  to  the  End. — Of  the  38,565  who  enter  this  age,  only  2,153 
live  to  the  age  of  ninety-five,  and  223  to  100.  Finally,  by  this  table,  at  the 
age  of  108  one  soHtary  hfe  dies. 

Such  and  so  curious  are  the  setting  of  40,858,184  years  of  English  life. 

Infiuence  of  the  Birth-rate  upon  Mortality 

It  has  already  been  shown  that  the  proportion  of  deaths  to  living  persons 
is  enormously  great  in  the  first  five  years  of  life,^  and  hence  it  might 
naturally  be  supposed  that,  apart  from  sanitary  conditions,  those  populations 
would  have  the  highest  death-rates  which  contained  the  largest  proportion 
of  children  under  five  years  of  age ;  in  other  words,  that  a  large  birth-rate 
necessarily  increases  the  death-rate.  But  the  problem  is  by  no  means  so 
simple  as  this. 

'  In  the  16t]i  Annual  Eeport  of  the  Eegistrar-General,  p.  xiv,  Dr.  Farr  remarks  that 
*  the  mortality  (73  per  1,000)  of  children  under  five  years  of  age  is  nearly  three  times  the 
average  rate  of  the  whole  population,  while  among  boys  and  girls  of  the  age  ten  to  fifteen 
the  mortaUty  is  at  the  rate  of  5  per  1,000,  only  one-fourth  or  one-fifth  of  the  general  rate  ; 
and  the  mortality  remains  below  the  average  until  the  age  of  fifty-five,  but  becomes  after 
that  age  much  above  the  average.' 
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It  is  quite  true  that  in  a  stationary  population,  i.e.  one  in  which  the 
death-rate  equals  the  birth-rate,  or  again  in  a  population  in  which  the  only 
increase  is  from  immigrants  over  five  years  of  age,  then  the  greater  the  number 
of  children  born,  the  higher  will  be  the  death-rate ;  but  in  an  increasing 
population,  in  which  the  births  exceed  the  deaths,  a  certain  number  of  the 
children  who  are  in  excess  survive  to  the  healthier  periods  of  life,  and  thus 
lower  the  death-rate  in  proportion. 

A  regular  increase  of  the  population  of  this  Mnd  has  indeed  the  effect  of 
increasing  the  proportion  of  children,  under  five  years  of  age,  who  die  off 
quickly ;  but  it  has  also  the  effect  of  still  further  increasing  the  proportion 
of  the  Hving  at  ages  from  five  to  fifty-five,  and  of  diminishing  the  proportion 
of  old  people,  whose  rate  of  mortality  is  also  high. 

The  difficulty  is  to  find  the  exact  point  at  which  these  two  opposing 
currents  of  influences  counteract  each  other ;  but  we  may  say,  in  general  terms, 
that  a  high  birth-rate  can  only  lower  the  general  death-rate  when  a  sufficient 
number  of  the  children  thus  born  in  excess  survive  to  the  healthy  or  low-rate 
ages  to  more  than  counterbalance  the  high  mortality  under  five  years  of 
age. 

A  good  example  of  the  way  in  which  the  death-rate  may  be  favourably 
affected  by  the  birth-rate  is  afforded  by  Aston  Manor,^  a  suburb  of  Birming- 
ham, with  a  population  in  1877  of  46,462,  which  had  risen  in  1888  to  64,920. 
Its  bu'th-rate  at  the  former  period  was  43*2,  and  had  been  higher ;  in  1888 
it  was  only  31*7.  The  high  birth-rate  in  the  former  period  created  an 
undue  proportion  of  children  during  the  succeeding  years,  a  certain  number 
of  them  surviving  to  the  later  period.  The  result  is  seen  in  the  reduction 
of  the  death-rate  from  18*4  in  the  ten  years  ending  1881,  and  in  the  seven 
following  years  it  averaged  15*7. 

This  diminution  was  probably  due  (1)  to  the  survival  of  a  number  of 
children  to  healthy  ages,  and  (2)  to  the  lowered  proportion  of  infants  in  the 
later  years. 

Dr.  May  suggests  that  the  marked  decline  in  the  general  death-rate  of 
the  country  may  be  partly  explained  in  this  way. 

2.  The  Belations  between  Density  of  Poimlation  and  the 
Bate  of  Mortality 

It  is  to  the  late  Dr.  Farr  that  we  owe  any  exact  knowledge  we  possess  of 
the  relation  between  the  density  of  populations  in  towns  and  their  rates  of 
mortality. 

His  first  work  upon  the  subject  was  pubHshed  in  the  5th  Keport  of  the 
Eegistrar-General  for  the  year  1843. 

In  his  letter  to  the  Eegistrar-General,  '  On  the  Causes  of  the  High 
Mortahty  in  Town  Districts,'  he  showed  that  in  the  metropoHs,  in  portions 
of  the  town  inhabited  by  much  the  same  classes  of  people,  and  with  the 
sewerage  and  supply  of  water  nearly  the  same,  but  in  which  the  density  of 
the  population  is  different,  the  mortality  varies  directly  as  the  density, 
although  it  does  not  increase  in  the  same  ratio. 

He  shows  that  this  proposition  is  true  not  only  of  such  poor  districts  as 
Whitechapel,  Shoreditch,  and  Bethnal  Green,  but  also  of  the  wealthiest 
parts,  such  as  St.  James's  (City  of  London),  and  St.  George's  (Hanover 
Square),  and  by  grouping  together  the  districts,  and  taking  the  mortality 
amongst  females  only,  he  constructed  the  following  table : — 

'  Public  Health,  March  1889,  p.  343.    Communication  from  Dr.  May. 
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Annual  mortality  of  females 

Density  of  population 

One  in 

Square  yards  to  one  person 

Ten  unhealthiest  districts 
Ten  medium  districts    .        . 
Ten  healthiest  districts 

36 
41 
49 

32 
102 
202 

Prom  these  and  from  other  statistics  he  deduced  the  law  that  the  mortahty 
increased  as  the  sixth  root  of  the  densities,  and  this  ratio  was  so  exact  that 
if  d  and  d'  represent  the  density  of  the  population  in  two  places,  and  in  m 
and  m'  their  ratio  of  mortality,  then 


and,  consequently,  it  became  possible  to  express  the  mortality  of  one  place, 
such  as  Whitechapel,  in  terms  of  the  mortality  of  Bethnal  Green,  and  the 
densities  of  Bethnal  Green  and  Whitechapel, 

::^d':^d 


or. 


m 


711  = 


Thus  the  mortality  of  Whitechapel  being  -02978  per  cent.,  and  the  densities 
of  the  population  being,  in  Whitechapel,  127,313  persons  to  a  square  mile, 
and  in  Bethnal  Green  62,390,  then 


a/; 


62890 


X  -02978 


127313 

gives  "0264  per  cent,  as  the  rate  of  mortality  of  Bethnal  Green,  the  actual 
observed  mortality  being  -0262  per  cent.;  or,  again,  taking  the  numbers 
given  in  the  above  table — 

"32 


202 


x49  =  36. 


the  number  living  to  one  death  in  the  unhealthiest  districts.  So  closely  is 
this  ratio  followed  in  places  differing  only  in  their  density  of  population  that 
Dr.  Farr  even  proposed  that  in  any  sanitary  inquiry  the  influence  of  density 
should  first  be  discovered  by  means  of  his  formula,  and  that  the  influence  of 
other  conditions  should  be  noted  in  any  excess  or  deficiency  in  the  resulting 
figures.  As  he  remarks  :  '  The  formula  thus  eliminates  the  element  of  density 
from  the  analysis  of  the  causes  of  insalubrity.' 

In  his  supplement  to  the  35th  Eeport  of  the  Eegistrar-General,  Dr.  Farr 
returns  again  to  this  subject,  and  though  he  slightly  alters  his  formula, 
and  now  substitutes  the  power  of  0'12  for  the  sixth  roots  of  the  densities, 
this  expression  is  mathematically  almost  the  same,  and  he  repeats  (p.  clviii) : 
'  The  mortahty  of  districts  is  nearly  as  the  sixth  root  of  the  proximities.' 

The  following  table  gives  the  result  of  more  recent  statistics  : — 


Mean  annual  death- 
ratio 

Density.    Persons  to  a 
square  mile 

Births 

Deaths 

Annual  increase  of 
population 

15     ....    39 

315 

35-11 

22-00 

11-99 

15     ....     17 
18     ....     20 
21     ....     23 

24     ....     26 
27     ....     30 
32  (Manchester) 
39  (Liverpool) 

166 

186 

379 

1,718 

4,499 

12,375 

65,823 

30-22 
3219 
35-78 
38-75 
40-16 
37-33 
37-57 

16-75 
19-16 
21-88 
24-90 
28-08 
32-49 
38-62 

14-69 
7-53 
13-82 
18-59 
12-28 
3-22 
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It  is  not  surprising  that  Dr.  Farr,  ia  his  first  attempts  to  unravel  the 
complex  conditions  of  society,  should  try  to  single  out  some  one  influence 
that  in  its  variations  should  account  for  alterations  ia  the  rate  of  mortahty. 
Accordingly,  he  passes  ia  review  the  several  sets  of  influences  affecting  the 
lives  of  men,  such  as  a  command  of  the  necessaries  of  life,  soU  and  atmo- 
sphere, climate  and  seasons,  winds,  temperature,  moisture,  and  electricity ; 
but  he  shows  that,  with  regard  to  the  first  named  of  these  conditions,  the 
dweller  in  the  town  is  better  off  than  the  dweller  ia  the  country,  and  that 
all  meteorological  influences  must  fall  very  equally  upon  town  and  country 
•districts. 

There  remaias,  however,  another  class  of  causes  of  disease  to  which  these 
statements  do  not  apply,  and  these  are  'atmospheric  impurities,  organic 
matter  undergoing  decomposition,  and  the  contagious  particles  of  zymotic 
disease.' 

It  is  to  these  causes,  he  says,  '  that  the  high  mortahty  of  towns  is  to  be 
ascribed.'  '  The  people  live  in  an  atmosphere  charged  with  decomposing 
matter  of  vegetable  and  animal  origin.' 

It  will  be  noticed  that  we  have  here  simply  given  Dr.  Farr' s  earliest  views 
as  to  the  cause  of  an  increase  of  mortality  with  increase  of  density  of  popula- 
tioa.  He  would,  however,  himself  have  admitted  the  existence  of  other 
factors  towards  this  result.  He  has  elsewhere  pointed  out  the  distinct 
deterioration  of  populations  as  they  are  more  and  more  closely  congregated 
together.  The  localities  in  which  they  hve  are  the  lowest,  the  property  the 
worst  built,  and  the  surroundings  the  most  unhealthy.  The  people  them- 
selves are,  for  the  most  part,  those  with  the  lowest  standard  of  vitality, 
prone  to  hereditary  diseases,  such  as  congenital  syphilis,  tuberculosis,  &c.,  and 
most  careless  about  their  health.  Intemperance  and  immorahty  are  rife 
amongst  them,  and  they  have  few  natural  pleasures  to  raise  them  from  their 
constant  condition  of  nervous  depression. 

It  may  at  first  sight  seem  strange  that  out  of  such  complexity  of  in- 
fluences there  could  flow  such  uniformity  of  results,  but  the  law  of  averages 
will  accomphsh  a  good  deal,  and  we  cannot  resist  the  conclusion  that  all  the 
conditions  mentioned  above  take  part  in  producing  the  effect  upon  the  death- 
rate  which  we  have  been  considering. 

3.  The  Influence  of  Atmospheric  Elements  upon  Mortality 

The  influence  of  season  and  weather  upon  mortality  and  sickness  must 
Ije  carefully  taken  iato  account  ia  any  estimate  respectiag  the  health  of  a 
community. 

The  relation  of  atmospheric  changes  to  disease  has  indeed  been  recognised 
from  very  early  times.  Hippocrates  devoted  one  of  his  works  to  'Airs, 
Waters,  and  Places,'  and  his  writings  upon  epidemics  and  his  aphorisms 
abound  with  remarks  upon  the  influence  of  various  states  of  the  weather 
upon  the  human  frame.  Since  his  time,  Aretsus,  Celsus,  Sydenham, 
Boerhaave,  Eamazzini,  Baglivi,  and  many  others  have  closely  considered 
the  subject.  In  modern  times,  also,  important  researches  have  been  made, 
exact  meteorological  observations  being  compared  with  statistics  both  of 
mortality  and  disease.  Amongst  the  former  class  we  must  place  Scoresby- 
Jackson's  and  Buchan's  contributions  to  '  Nature  '  on  mortality  in  relation 
to  weather  (August  5,  1875),  and  in  France  those  of  Lombard. 

Owing  to  the  uncertain  interval  of  time  between  the  commencement  of  a 
fatal  disease  and  its  termination,  these  comparisons  of  weather  and  mortality 
necessarily  have  less  value  than  those  in  which  atmospheric  conditions  are 
connected  at  frequent  intervals  with  records  of  disease.     Nevertheless,  the 
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influence  in  question  is  so  potent  in  the  case  of  certain  diseases  that  it  over- 
rides this  disadvantage,  and  the  effect  of  season  upon  mortahty  is  plainly- 
visible,  especially  in  the  case  of  such  diseases  as  bronchitis,  diarrhoea, 
measles,  and  whooping  cough,  perhaps  also  in  scarlet  fever  and  enteric  fever. 

It  may  be  sufficient  to  note  here  that  as  the  result  of  Lombard's  obser- 
vations, confirmed  by  others,  a  high  general  mortality  usually  accompanies 
a  cold  and  dry  season,  with  great  variations  of  temperature,  especially  in  the 
winter,  with  little  rain  and  dry  northerly  winds,  and  strong  electrical  tension. 

Scoresby-Jackson  also  points  out  the  unhealthiness  of  a  small  rainfall 
and  great  ranges  of  barometric  pressure.  Buchan  found  that  in  English 
towns  spring  was  the  season  of  least  mortahty ;  in  Scotland,  autumn  was  the 
healthiest,  and  summer  the  next  in  order.  Both  in  England  and  Scotland 
there  was  an  excess  of  mortality  in  the  winter  months.  The  high  mortality 
of  EngHsh  towns  ia  the  summer  is  shown  to  be  chiefly  due  to  the  prevalence 
of  diarrhoea. 

These  conclusions  may  be  compared  with  the  remark  of  Celsus  with  regard 
to  Italy :  *  Saluberrimum  ver  est,  proxime  deinde  ab  hoc  hiems,  periculosior 
ffistas,  autumnum  longe  periculosissimum.'  It  is  probable  that  the  latter  result 
was  due  to  the  prevalence  of  malarial  diseases  in  Italy  in  the  autumn.^ 

The  chief  returns  of  sickness  that  have  been  compared  with  meteoro- 
logical observations  are  those  made  (1)  daily  by  the  Provincial  Medical 
Association  in  the  years  1855-56. 

(2)  Ten  years  of  weekly  returns  made  in  1860-70  to  the  Manchester 
and  Salford  Sanitary  Association,  and  to  Dr.  Whitmore,  St.  Marylebone, 
iondon ;  and 

(3)  Similar  returns  made  to  Dr.  Ballard  in  Islington  from  1857-68. 
The  results  of  the  more  extended  series  of  these  observations  were  given 

in  papers  pubhshed  by  Mr.  Vernon  and  the  writer  in  1860,  and  Dr.  Ballard's 
conclusions  are  contained  in  an  elaborate  report  presented  to  the  Medical 
Officer  of  the  Privy  Council,  and  pubhshed  by  him  with  his  report  in  1868. 

It  may  be  briefly  stated  that  the  conclusions  drawn  from  the  mortality 
returns  are  in  the  main  confirmed  by  the  registers  of  sickness.  It  was 
possible,  however,  to  take  note  of  the  more  minute  effects  of  vicissitudes  of 
the  atmospheric  elements. 

Thus  in  the  case  of  respiratory  diseases,  it  was  observed  not  only  that 
they  are  greatly  affected  by  the  mean  temperature,  but  that  a  high  degree  of 
humidity  tends  to  increase  the  frequency  of  these  disorders. 

It  was  noted  in  1860  ^  that  a  high  mean  temperature  of  above  60°  for 
the  week  has  a  powerful  influence  in  predisposing  to  diarrhoea,  and  this 
exact  observation  was  confirmed  by  Dr.  Ballard,  and  more  recently  by 
Dr.  Tomkins,  of  Leicester. 

Measles  in  both  sets  of  observations  is  noticed  to  be  increased  by  a  fall 
of  temperature,  together  with  a  low  degree  of  humidity  and  a  dry  season. 
Dr.  Ballard  says  it  was  arrested  by  a  rise  of  temperature  over  60°. 

Scarlet  fever  is  essentially  an  autumnal  disease,  and  was  shown  by  one 
set  of  tables  to  be  mainly  affected  by  fluctuations  of  the  barometer,  low 
pressure  being  favourable  to  the  disease  ;  and  by  Dr.  Ballard  it  is  noted 
that  a  fall  of  mean  weekly  temperature  below  53°  checks  it. 

1  In  a  recent  work,  Studies  in  Statistics  (Stanford),  Dr.  Longstaff  has  also  compared 
the  mortality  from  certain  diseases  with  season,  and  has  skilfully  used  the  directions 
from  the  average  of  such  mortality  to  trace  the  relationship  of  such  diseases  as  scarlatina 
and  diphtheria,  puerperal  fever  and  rheumatism,  laryngitis  and  croup,  and  shows  their 
relationship  to  the  rainfall.  The  coimection  between  what  is  registered  as  '  simple  con- 
tinued fever  '  and  typhus  is  also  shown. 

*  Influence  of  Atmospheric  Changes  ujpon  Disease,  p.  3.  Proceedings  of  the  Lit.  and 
Phil.  Soc.  of  Manchester,  1861. 
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Whooping  cough  again  resembles  measles  in  its  tendency  to  select  winter 
and  spring  for  its  epidemic  outbreaks. 


4.  The  Influence  of  Occupation  upon  Mortality 

The  death-rates  of  persons  employed  in  various  kinds  of  work  vary  so 
greatly,  that  it  is  important  to  ascertain  the  composition  of  any  population 
before  drawing  conclusions  from  its  gross  rate  of  mortahty. 

The  subject  has  been  studied  since  the  days  of  Eamazzini,  whose  treatise, 
•  De  Morbis  Artific.,'  published  in  the  year  1700,  is  a  classic  of  State 
medicine.  In  England,  Thackrah,  ArHdge,  Greenhow,  B.  W.  Eichardson, 
and  others  have  done  valuable  work  respecting  different  classes  of  work- 
people. In  the  decennial  Supplements  to  the  25th  and  35th  Eeports  of 
the  Eegistrar-General  attempts  were  also  made  to  estimate  the  comparative 
mortahty  of  males  engaged  in  different  professions  and  trades,  but  the  most 
complete  account  of  the  subject  is  that  prepared  by  Dr.  William  Ogle  for 
the  Supplement  to  the  45th  Eeport  of  this  series. 

The  iaqrnry  in  this  paper,  as  in  the  others,  was  limited  to  males  over 
fifteen  years  of  age  ;  and  the  tables  that  are  presented  ia  the  report  are  the 
more  valuable  from  the  care  with  which  they  were  drawn  up,  and  for  the 
cautions  as  to  their  use  that  accompany  them.  It  is  thus  pointed  out  (1)  that 
figures  that  relate  to  small  trades,  or  to  age  periods  when  the  numbers  are 
few,  must  be  received  with  due  hesitation  ;  (2)  that  allowance  must  be  made 
for  the  vagueness  with  which  the  occupation  is  oftentimes  stated  both  in  the 
returns  made  for  the  census  and  in  the  death-registers,  especially  the  latter. 
In  the  case  of  the  various  forms  of  miners,  for  instance,  it  was  found 
necessary  to  divide  them  geographically.  (3)  There  are  many  trades  and 
occupations  which  require  a  considerable  standard  of  muscular  strength  and 
vigour  to  be  maintained  by  those  who  follow  them ;  and  so  soon  as  from 
any  cause  the  health  and  strength  of  a  man  fall  below  this  standard,  he 
must  necessarily  give  up  the  occupation,  and  either  take  to  some  lighter  kind 
of  labour  or  retire  altogether  from  work.  (4)  Conversely,  the  weaker  indi- 
viduals, and  those  whose  health  is  faihng  them,  are  thus  being  constantly 
drafted  out  of  each  industrial  occupation,  and  especially  out  of  those  which 
require  much  vigour;  hence  the  death-rates  of  these  latter  are  unduly 
lowered  as  compared  with  those  of  persons  engaged  in  lighter  work.  (5)  The 
several  industries  do  not  start  on  equal  terms  as  regards  the  vitahty  of  those 
who  foUow  them.  '  A  weakling  will  hardly  adopt  the  trade  of  a  blacksmith, 
a  miner,  or  a  railway  navvy,'  but  will  prefer  that  of  a  tailor,  a  weaver,  or  a 
shopman. 

It  is  plain,  then,  that  much  caution  must  be  used  in  drawing  inferences 
from  the  death-rates  of  different  industries,  but  they  may  still  furnish  valu- 
able indications  of  this  comparative  salubrity. 

The  following  table  is  selected  from  that  given  by  Dr.  Ogle,  and  in  the 
supplement  it  is  followed  by  others  giving  the  causes  of  death  imder  thirteen 
headings. 

It  will  be  seen  that,  of  all  the  occupations,  that  of  a  clergyman  enjoys  the 
lowest  death-rate,  its  mortahty  figure  being  only  556.  Then  come  gardeners 
and  agricultural  labourers  (599,  701  respectively).  Schoolmasters,  grocers, 
and  some  kinds  of  shopkeepers  come  next ;  then  barristers,  various  out-door 
workpeople,  such  as  carpenters,  sawyers,  &c.,  and  some  miners,  Cornish 
miners  excepted.  Tailors,  chemists,  and  printers  overpass  the  standard  of 
1,000;  medical  practitioners,  law  clerks,  and  butchers  fi'om  1,100  to  1,200» 
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Tabub  Vin. — Death-rates  of  Males,  25  to  65  Years  of  Age,  in  different 
Occupations.     {Ogle) 


Mean  annual  death-rates  per  1,000  living 

Comparative 

mortality 
figures 

1861-1 

.    1871 

1880-1-2 

1880-1-2 

Ocoupatloa 

Years  of  age 

Tears  of  age 

Years  of  age 

25-45 

45-65 

25-45 

45-65 

25-65 

All  males    .        .        •        . 

11-27 

23-98 

10-16 

25-27 

1,000 

Occupied  males  .        . 

— 

— 

9-71 

24-63 

967 

Unoccupied  males 

— 

— 

32-43 

36-20 

2,182 

Males  in  selected  healthy  "I 
districts       .        .         J 

— 

— 

8-47 

19-74 

804 

Clergyman,  minister,  &o.    . 

5-96 

17-31 

4-64 

15-93 

556 

Gardener    .... 

6-74 

17-54 

5-52 

16-19 

599 

Farmer       .... 

7-66 

17-32 

6-09 

16-53 

631 

Labourer  (agricultural) 

— 

— 

7-18 

17-68 

701 

Schoolmaster 

9-82 

23-56 

6-41 

19-98 

719 

Grocer        .... 

9-49 

17-15 

8-00 

19-16 

771 

Fisherman.        . 

11-26 

15-84 

8-32 

19-74 

797 

Carpenter  .... 

9-44 

21-36 

7-77 

21-74 

820 

Bookseller  .... 

10-84 

21-36 

8-53 

20-57 

825 

Lawyer       .... 

9-87 

22-97 

7-54 

23-13 

842 

Draper        .... 

14-34 

26-33 

9-70 

20-96 

883 

Groom,  coachman 

— 

— 

8-53 

23-28 

887 

Coal  miners  (6  districts)     . 

— 

— 

7-64 

25-11 

891 

Plasterer    .... 

9-50 

27-90 

7-79 

25-07 

896 

Watch  and  clock  maker     . 

10-78 

24-90 

9-26 

22-64 

903 

Tanner       .... 

10-43 

26-57 

7-91 

25-37 

911 

Shoemaker         .        . 

10-39 

22-30 

9-31 

23-36 

921 

Artist,  sculptor,  &c.    . 

11-73 

22-91 

8-39 

25-07 

921 

Commercial  traveller . 

12-28 

29-00 

9-04 

25-03 

948 

Baker,  confectioner    . 

10-72 

26-39 

8-70 

26-12 

958 

Mason,  bricklayer 

11-43 

27-16 

9-25 

25-59 

969 

Blacksmith         .        . 

10-07 

23-88 

9-29 

25-67 

973 

Tobacconist        .        . 

13-19 

21-76 

11-14 

23-46 

1,000 

Chemist,  druggist       .        . 

13-92 

23-56 

10-58 

25-16 

1,015 

Tailor         .... 

12-92 

24-79 

10-73 

26-47 

1,051 

Printer        .... 

13-02 

29-38 

11-12 

26-60 

1,071 

Woollen  manufacturer 

— 

— 

9-71 

27-50 

1,032 

Cotton,  linen     do.      .        . 



— 

9-99 

29-44 

1,088 

Physician,  surgeon     . 

13-81 

24-55 

11-57 

28-03 

1,122 

Law  clerk  .... 

18-75 

37-05 

10-77 

30-79 

1,151 

Butcher      .... 

1319 

28-37 

12-16 

29-08 

1,170 

Glass  manufacturer    . 

13-19 

29-32 

11-21 

31-71 

1,190 

Plumber,  painter,  &c. 

12-48 

34-66 

11-07 

32-49 

1,202 

Cutler  (scissors,  needles,  &c.) 

11-88 

82-74 

11-71 

34-42 

1,273 

Carter,  carrier    . 



— 

12-52 

33-00 

1,275 

Bargeman,  &c.    .        .        . 

14-99 

30-78 

14-25 

31-13 

1,305 

Musician    .        ,        .        . 

18-94 

34-76 

13-78 

32-39 

1,314 

Hairdresser         .        . 

15-11 

30-10 

13-64 

33-25 

1,327 

Brewer        .... 

19-26 

36-86 

13-90 

34-25 

1,361 

Cabman,  omnibus       .        . 

15-94 

35-28 

15-39 

36-83 

1,482 

Chimney  sweep 

17-53 

42-87 

13-73 

41-54 

1,519 

Innkeeper,  publican    . 

18-01 

34-14 

18-02 

33-68 

1,521 

Messenger,  porter,  &o. 

— 

— 

17-07 

37-37 

1,565 

Filemaker  .... 

16-27 

42-30 

15-29 

45-14 

1,667 

Earthenware  manufacturer 

12-59 

41-75 

13-70 

51-39 

1,742 

Miner  (Cornwall) 

11-94 

41-73 

14-77 

53-69 

1,839 

Hawker,  street-seller  . 

20-09 

37-82 

20-26 

45-33 

1,879 

Labourer  (London)     .        . 

18-35 

40-64 

20-62 

50-85 

2,020 

Irm,  hotel  servant 

21-91 

42-19 

22-63 

55-30 

2,205 

508  HYGIENE 

Then  follow  the  more  unhealthy  occupations  of  plumbers,  hairdressers, 
cabmen,  and  cutlers,  over  1,300  ;  chimney  sweeps,  innkeepers,  and  pubHcans, 
over  1,500 ;  file  makers,  over  1,600 ;  costermongers  and  hawkers,  and 
Cornish  miners,  over  1,800  ;  and  lastly,  general  labourers  (London)  and 
hotel  servants  end  the  list  at  over  2,000 — more  than  four  times  the  rate 
of  clergymen. 

Practical  Applications  of  Vital  Statistics  by  Medical  Officers  of  Health 

As  the  population  of  a  place  is  the  standard  to  which  most  of  the  other 
statistics  must  be  applied  in  order  that  they  may  be  appropriately  compared 
with  those  of  other  districts,  it  is  important  that  as  correct  an  estimate  as 
possible  should  be  made  of  their  number.  To  this  end  the  number  of  persons 
hving  at  the  middle  of  the  year  whose  data  are  beiag  examined  should 
first  be  ascertained  from  the  last  two  censuses  by  the  method  mentioned 
on  p.  469. 

This  estimate  should  then  be  checked  by  one  of  the  methods  detailed 
on  pp.  469-471,  and  if  the  results  by  those  several  plans  are  found  to  differ 
materially  amongst  themselves,  the  fact  must  be  noted  and  the  possible 
extent  of  error  must  be  calculated  and  laid  before  the  local  authority. 
Subject  to  this  possibility,  the  figures,  may,  however,  be  employed  to  ascertain 
the  marriage-,  birth-,  and  death-rates  of  the  place. 

It  is  further  important  that  the  numbers  of  the  population  at  the 
Eegistrar-General's  twelve  groups  of  ages  should  be  obtained,  especially 
in  the  case  of  an  urban  district,  in  order  to  apply  to  these  figures  the  general 
death-rate  of  the  country  at  these  ages,  and  then  to  deduce  from  them  a 
'  standard  death-rate  '  free  from  error  on  the  score  of  differences  in  age  and 
sex  distribution. 

Even  when  this  has  been  done,  however,  the  medical  officer  wiU  do  well 
to  remember  Dr.  Farr's  caution.  He  cannot  conclude  that  the  several 
figures  obtained  are  strictly  comparable  until  he  has  made  sure  that  there 
are  not  other  important  circumstances  to  be  taken  into  account,  such  as 
differences  in  the  constitution  of  the  population,  the  amount  of  domestic 
service,  the  presence  of  pubHc  institutions,  the  migrations  of  large  sections 
of  the  population,  especially  of  those  who  have  to  leave  service  when  seized 
with  illness. 

When  due  weight  has  been  given  to  these  perturbing  conditions,  he  will 
be  in  a  position  to  appreciate  the  death-toll  exacted  from  the  community,  by 
the  varying  densities  of  the  population  in  different  parts  of  his  district,  by 
their  social  condition,  and  by  their  different  occupations. 

The  medical  officer  of  health  may  then  turn  his  attention  to  the  records 
of  the  causes  of  death  inscribed  by  the  district  registrars,  and  he  will  be 
expected  to  lay  before  his  board  at  stated  intervals,  quarterly  or  annually, 
tables  showing  the  incidence  of  these  causes  upon  the  different  classes  of 
people  under  his  charge.  He  must  give  the  amount  and  causes  of  infant 
mortahty  under  one  year  and  under  five  years  of  age,  in  the  first  case 
referring  the  deaths  to  1,000  of  the  numbers  bom,  and  in  the  other  to  the 
numbers  hving  under  five  years  of  age  per  1,000. 

The  deaths  of  these  children  under  one  year  of  age  and  under  five  may 
also  be  given  per  1,000  of  the  total  deaths,  as  recommended  by  the  Society 
of  Medical  Officers  of  Health  in  1883  ;  but  this  method  is  open  to  the  objec- 
tion given  on  p.  492.  The  causes  of  all  the  deaths  registered  should  then  be 
tabulated  according  to  the  classification  of  the  Registrar- General,  or  a  selec- 
tion may  be  made  of  the  most  important  of  these  causes. 
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It  is  usual,  for  instance,  to  give  the  number  of  deaths  from  each  of  the 

miasmatic  diseases,  and  they  are  sometimes,  though  without  advantage, 
grouped  together  and  their  rate  per  1,000  is  given  under  the  title  of  zymotic 
death-rates  {see  pp.  485,  486). 

Diarrhoea,  cancer,  scrofula,  tabes  mesenterica,  phthisis,  hydrocephalus, 
and  diseases  of  the  nervous,  circulatory,  respiratory,  digestive,  urinary,  and 
generative  systems  are  usually  given  separately,  and  ia  the  supplement  to 
the  45th  Eeport  of  the  Eegistrar-General,  childbirth,  suicide,  other  violence, 
and  other  causes  are  recorded  in  the  tables. 

Such  an  arrangement  as  this  will  greatly  assist  the  medical  officer  of 
health  in  his  estimate  of  the  sanitary  condition  of  his  district ;  but  he  will 
have  also  to  take  account  of  many  other  surrounding  conditions,  such  as  the 
weather,  the  price  of  provisions,  the  state  of  trade,  &c.,  before  he  can  decide 
as  to  the  full  weight  of  morbific  agencies  causing  preventable  sickness,  and 
before  he  can  draw  comparisons  with  the  average  rates,  or  with  the  rates  of 
similar  districts. 

K  the  notification  of  infectious  sickness  is  not  already  in  action  in  his 
district,  the  medical  officer  of  health  will  endeavour  to  secure  its  adoption, 
and  he  will  also  avail  himself  of  all  other  means  at  his  disposal  for  becoming 
acquainted  with  the  general  condition  of  the  inhabitants  of  his  district. 
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The  conditions  affecting  man's  life  and  health  at  sea  contrast  remarkably 
with  the  corresponding  conditions  operating  on  shore.  The  atmosphere  by 
which  he  is  surrounded,  the  dwelling  he  occupies,  and  the  medium  on  which 
it  is  supported,  the  accommodation  at  his  disposal,  and  the  food  he  eats  are, 
at  sea,  very  different  from  similar  necessaries  on  shore.  If  on  the  ocean  he 
is  exposed  to  privations  and  dangers,  from  which  on  terra  firma  he  is  free,. 
on  the  other  hand  life  afloat  has  many  hygienic  advantages  over  life  on 
land. 

Much  of  the  highly  valuable  literature  relating  to  marine  hygiene  is- 
scattered  over  Blue  Books  and  medical  periodicals  in  the  form  of  detached, 
articles.  The  treatises  on  the  general  subject  are  comparatively  few  in 
number,  and  many  of  them  deal  with  the  question  from  one  aspect  only. 
Most  of  these  refer  to  the  Eoyal  Navy  only,  leaving  the  equally  important 
mercantile  navy  entirely  out  of  consideration. 

As  far  as  is  practicable  in  the  space  available,  an  attempt  will  be  made 
in  the  following  pages  to  treat  of  '  Marine  Hygiene,'  under  various  heads, 
viz. :  — 

(A)  The  sea. 

(B)  The  ship. 

(C)  Crews,  passengers,  &e. 

(D)  Cargoes  in  relation  to  hygiene. 

(E)  Port  sanitation  and  special  measures  for  the  prevention  of  disease. 

(F)  Bibliography  of  marine  hygiene. 

(A)    THE    SEA 

Extent. — Two-thirds  of  the  surface  of  the  earth  is  covered  by  sea.  The 
average  depth  of  the  sea  has  been  variously  computed  by  astronomers  to  be 
from  twenty-six  to  eleven  miles. ^  Deep-sea  soundings  show,  however,  an 
average  of  about  five  miles.  The  proportion  of  land  to  water  in  the  northern 
and  southern  hemispheres  differs  greatly,  being  in  the  ratio  of  1,000  to  419 
in  the  former,  and  1,000  to  129  in  the  latter.  This  partly  accounts  for  the 
lower  mean  temperature  of  the  former.  The  distribution  of  the  water  into 
the  great  oceans  (Atlantic,  Pacific,  and  Arctic),  the  varying  depths  of  these, 
and  their  peculiar  currents,  are  among  the  principal  causes  of  the  modifica- 
tions of  climate  in  the  same  and  different  parallels. 

'  Maury. 
VOL.    II.  L  L 
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Analyses. — The  sea  is  not  uniform  in  chemical  composition.    Average 
ocean  water  contains  ^ — 

Grains 

Water 962-0 

Sodium  chloride 27"1 

Magnesium  cMoride .  5-4 

Potassium          „ 0*4 

Magnesium  bromide O'l 

„          sulphate 1*2 

Calcium              ,, 0-8 

„       carbonate 0-1 

Residuum 2-9 


1000-0 


The  residue  consists  of  organised  animal  matters,  traces  of  iron,  almnina, 
silica,  &c. 

The  mean  of  seventy-seven  analyses  of  ocean  water,  collected  on  the 
voyage  of  the  '  Challenger,'  yielded  the  following  results  :  ^ — 

Jn  100  Parts  of  total  Salts 

Chlorine 55-420 

Deduct  basic  oxygen  equivalent  to  this  chlorine        .         .        .  12-503 

Muriatic  acid 42-917 

Sulphuric  acid 6-415 

Lime 1-692 

Magnesia 6-214 

Potash 1-333 

Soda 41-433 

100-004 

The  following  have  been  proved  to  be  present  in  sea- water — viz.  Bromine, 
iodine,  fluorine  (in  boiler  crusts),  phosphorus,  nitrogen,  carbon,  silicon,  boron, 
silver,  lead,  copper,  zinc,  cobalt,  manganese,  iron,  nickel,  aluminium,  barium, 
strontium,  arsenic,  hthium,  caesium,  rubidium,  and  gold.  Many  of  these 
bodies  have  been  found  in  the  ashes  of  sea  plants  and  in  boiler  crusts. 

The  different  constituents  vary  more  or  less  in  quantity  according  to  the 
locaUty  from  which  the  sample  is  taken.  The  principal  constituent,  chloride 
of  sodium,  shows  a  considerable  range  in  different  places,  intertropical  seas 
containing,  according  to  Maury,  15  per  cent,  more  of  salt  than  those  in 
Arctic  Eegions.  The  water  of  the  Gulf  Stream  has  4-4  per  cent.,  and  that  of 
the  Bay  of  Biscay  3'5  per  cent,  of  salts. 

Salinity. — The  lowest  degree  of  salinity  in  parts  of  total  salts  per  1,000 
of  sea- water  (.33'01)  was  found  in  samples  taken  from  the  southern  part  of 
the  Indian  Ocean,  south  of  66°  lat.,  and  the  highest  (37-37),  in  samples  fi'om 
the  middle  of  the  North  Atlantic  ('  Eeport  of  the  "  Challenger  "  Expedition  '). 

The  salts  of  the  sea  have  important  functions  to  perform.  They  prevent 
the  putrefaction  of  the  organic  matter  in  the  water.  They  assist  the  pene- 
tration of  solar  heat,  which  would  otherwise  act  only  on  the  surface.  They 
retard  evaporation.  The  ocean  teems  with  organisms,  microscopic  and 
other,  which,  but  for  the  brine  they  are  preserved  in,  would  after  death  de- 
compose and  rapidly  render  the  sea  unbearable.  The  indirect  action  of  the 
Ealts  on  the  sea  is  to  create  circulation.     Currents  such  as  the  Gulf  Stream, 

'  Maury. 

=*  Beport  of  Voyage  of  H.M.S.  '  Chalknger,'  1873-76  ;  Physics,  by  Prof.  Dittmar.    • 
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and  iinder-currents — e.g.  from  the  Mediterranean  to  ttie  Atlantic,  according 
to  Maury,  owe  their  main  strength  to  this  agency. 

Specific  Gravity. — The  freezing  point  of  sea  water  is  27*2°  F.  The  trade 
and  other  winds  affect  the  specific  gravity  considerably  by  sucking  up  the 
water  as  vapour,  and  leaving  the  salts  behind. 


The  sp.  gr.  of  the  Souch  Atlantic 
»         n  n       North         „ 

„         „  „       South  Pacific 

»         .,  „       North       „ 


1-02676 
1-02664 
1-02658 
1-02548  (Buchan) 


Heavy  rains  diminish  density,  and  high  winds  increase  it. 

Temperature. — The  temperature  of  the  ocean  is  higher  than  that  of 
ordinary  water  in  the  same  region.  It  varies  with  latitude  and  is  influenced 
by  currents.  In  some  parts  of  the  Eed  Sea  it  sometimes  reaches  95°  P. 
The  Gulf  Stream  is,  perhaps,  the  most  remarkable  instance  of  variation  in 
temperature  of  a  current  from  that  of  the  surrounding  ocean.  Its  waters  do 
not  mix  with  those  through  which  it  passes,  and  in  a  distance  of  a  few  feet 
Its  winter  temperature  is  sometimes  20  or  80  degrees  above  theirs.  Between 
limits  of  50°  N.  and  50°  S., 

The  mean  temperature  of  the  North  Atlantic  is   .  .  71-6°  P. 

„       South        „  .  .  66-7°  „ 

„  „  „      North  Pacific         .  .  69-9°  „ 

„  „  „      South       „  .  .  67-7°  „  (Buchan) 

The  Atlantic  is  the  coldest  ocean,  and  the  Indian  the  warmest. 

The  following  ocean  temperatures  are  taken  from  '  The  Voyage  of  the 
"  Challenger  "  '  (Sir  C.  Wyville  Thompson) : — 


Extract  from  Tables  of  Temperatuers  observed 


June  and  July  1873 

Between  TenerLffe  and  Sombrero  Island 

Near 

Near 

Near 

Depth 

in 
fathoms 

Bermudas 

Azores 

Madeira 

Stat.  No.  1 

Stat.  No.  5 

Stat.  No.  10 

Stat.  No.  20 

Stat.  No.  59 

Stat.  No.  73 

Stat.  No.  82 

Lat. 

Lat. 

Lat. 

Lat. 

Lat. 

Lat. 

Lat. 

1 

27°  24'  N. 

24°  20'  N. 

23°  10'  N. 

18°  56'  N. 

32°  54'  N. 

38°  30'  N. 

33°  46'  N. 

Long. 

Long. 

Long. 

Long. 

Long. 

Long. 

Long. 

16°  55'  W. 

24°  28'  W. 

38°  42'  W. 

59°  35'  W. 

63°  22'  W. 

31°  14'  W. 

19°  17'  W. 

Surface 

18°-0  C. 

20°-0  C. 

22°-2  C. 

23°-9  C. 

21°-1  C. 

20°-6  C. 

21°-5  C. 

100 

16-5 

17-0 

19-5 

20-0 

17-4 

15-4 

14-3 

200 

13-2 

13-9 

14-3 

15-6 

16-8 

13-8 

120 

800 

10-9 

11-2 

11-5 

9-7 

14-3 

12-6 

10-4 

400 

9-3 

9-4 

8-7 

7-0 

11-2 

9-3 

10-6 

500 

8-0 

7-7 

6-7 

5-3 

7-2 

7-3 

9-6 

800 

5-1 

5-2 

4-6 

4-0 

3-7 

4-7 

5-7 

1,000 

4-0 

4-0 

3-5 

3-3 

3-3 

3-7 

3-8 

Depth  at 
bottom 

1,890 

2,740 

2,720 

2,975 

2,875 

1,000 

2,400 

Temperature 
at  bottom 

2°-0  C. 

2°-0  C. 

1^-9  C. 

l°-6  C. 

l°-8  C. 

3°-7  C. 

l°-8  C. 

ll2 
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Madeira  to  Brazil  (July-Sept.  1873) 

Between  Bahia  and  Cape  of  G-ood  Hope 

Depth  in  fathoms 

Lat. 

20°  58'  N. 

Long. 
22°  57'  W. 

Lat. 

3°  8'  N. 

Long. 

14°  49'  W. 

Lat. 

7°  39'  S. 

Long. 

34°  12'  W. 

Lat. 
35°  25'  S. 

Long. 
23°  40'  W. 

Lat. 
36°  22'  S. 

Long. 
8°  12'  B. 

Lat. 
35°  35'  S. 

Long. 
16°  8' B. 

Surface 

23°-3  C. 

25°-6  C. 

25°-3  C. 

14°-4  C. 

13°-4  0. 

13°-4  C. 

100 

16-7 

13-8 

16-8 

12-9 

13-3 

10-7 

200 

13-3 

10-4 

8-6 

10-0 

10-4 

7-7 

300 

10-0 

5-3 

5-0 

6-4 

6-7 

4-9 

400 

7-2 

4-7 

3-7 

4-3 

4-3 

31 

500 

6-8 

3-8 

3-7 

3-6 

3-3 

2-9 

800 

3-1 

3-3 

1,000 

3-3 

... 

Depth  at  bottom 
in  fathoms 

2,400 

2,450 

1,650 

2,050 

2,650 

2,825 

Temperature  at 
bottom 

l°-7  C. 

l°-7  C. 

2°-3  C. 

1°-1  C. 

l°-0  C. 

0°-5  C. 

Organisms. — The  ocean  abounds  in  organic  matter,  living  and  dead.  Tlie 
animalcule  and  microscopic  forms  in  sea-water  have  been  the  wonder  and 
astonishment  of  all  observers.  The  phosphorescence  of  the  sea  is  due  to 
swarms  of  molluscs  and  zoophytes.  Who  is  not  familiar  with  the  coral 
from  the  tropics  ?  or  the  barnacle  and  acorn  shells  which  form  wherever  wood, 
&c.,  is  exposed  to  sea- water  for  any  considerable  time  ? 

Movements  of  the  Sea. — The  waters  of  the  sea  have,  besides  tides,  three 
different  and  characteristic  forms  of  movement — viz.  currents,  swell,  and 
waves.  Currents  are  either  of  the  nature  of  rivers  in  the  ocean,  or  they  may 
be  in  the  form  of  undercurrents.  Currents  when  warm  always  flow  from 
equator  to  pole,  and  when  cold,  from  pole  to  equator  ;  '  and  this  they  do,  not 
by  the  force  of  the  winds,  but  in  spite  of  them  and  by  the  force  of  those  very 
agencies  that  make  the  winds  blow.  They  flow  thus  by  virtue  of  those 
efforts  which  the  sea  is  continually  making  to  restore  that  equilibrium  to  its 
waters,  which  heat  and  cold,  the  forces  of  evaporation,  and  the  secretion  of 
its  inhabitants  are  everlastingly  destroying  '  (Maury).  Certain  currents  are 
the  result  of  wind,  rain,  and  barometric  pressure,  and  alter  according  to  the 
degree  of  each  of  these  agencies.  The  most  remarkable  of  all  .these  currents 
is  the  Gulf  Stream,  which  is  constant.  Flowing  from  the  Gulf  of  Mexico  to 
Labrador,  Greenland,  Spitzbergen,  the  North  of  Scotland,  Norway,  North 
Cape,  Nova  Zembla ;  and  also,  by  bifurcation,  to  Ireland,  France,  Spam, 
Portugal,  and  the  West  Coast  of  Africa,  this  mighty  volume  of  water,  at  a 
high  temperature,  plays  a  most  important  part  in  modifying  the  cUmate  of 
the  shores  against  which  it  strikes,  rendering  the  air  both  warmer  and 
moister.  The  causes  of  this  great  stream  have  not  been  satisfactorily  ex- 
plained. Modern  investigations  '  seem  to  encourage  the  opinion  .  .  .  that 
it  is  due  mainly  to  the  constant  difference  produced  by  temperature  and  salt- 
ness  in  the  specific  gravity  of  water  in  certain  parts  of  the  ocean '  (Maury). 
Sir  John  Herschel  considers  it  the  result  of  the  trade  winds. 

The  sivell  of  the  sea,  that  peculiar  undulation  which  does  not  break  the 
surface,  is  chiefly  noteworthy  as  a  cause  of  sea-sickness,  the  direct  result  of 
the  action  of  the  swell  on  the  ship's  movements. 

Waves  are  the  immediate  effect  of  the  action  of  the  wind  on  the  surface 
of  the  water,  especially  when  operating  against  the  tide.  They  are  chiefly 
of  interest  from  a  hygienic  point  of  view  from  the  casualties  they  give  rise 
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to,  and  from  the  moisture  dispersed  from  them,  either  by  the  direct  force  of 
the  wind,  or  by  their  own  impetus,  against  the  ship. 

Influence  of  the  Sea  on  Climate. — A  mass  of  water  so  immense  as  the 
ocean,  with  its  chemical  constitution,  specific  gravity,  temperature,  and  cur- 
rents, &c.,  necessarily  has  great  influence  on  climate.  The  tropical  seas 
have  been  hkened  to  a  boiler,  an.l  those  in  colder  regions  to  condensers,  con- 
stantly at  work,  causing  a  perpetual  flow  of  warm  water  polewards,  and  the 
evaporation  of  moisture,  which  on  its  way  toward  the  Arctic  Eegions  is  gradu- 
ally changed  into  cloud,  and  ultimately  deposited  as  rain.  The  irregular 
distribution  of  land  and  water  over  the  surface  of  the  globe  renders  this 
rainfall  very  unequal,  both  as  regards  amount  in  relation  to  distance  from 
the  equator,  and  actual  deposit  on  particular  coasts  or  regions.  The  warm 
waters  of  the  sea  carried  to  colder  regions  raise  the  temperature  of  the  air 
beneath  which  they  pass,  and  by  the  vapour  rising  from  their  surface  moisten 
and  soften  it.  Thus  the  Gulf  Stream  makes  the  cHmate  of  Ireland  and 
the  North  of  Scotland  milder  in  winter  than  in  regions  further  south,  and 
much  more  so  than  that  of  corresponding  latitudes  in  America.  The  west 
winds  blowing  across  this  current  are  robbed  of  their  asperity ;  but  the 
humidity  and  fogs  of  the  British  Isles  are  less  agreeable  effects  of  the  same 
cause. 

The  vapour  rising  from  the  surface  of  the  sea  is  one  of  the  causes  of 
winds. 

The  salts  of  the  sea,  by  increasing  its  density,  aid  in  the  convection  of 
the  sun's  heat  from  its  surface  downwards.  They  also  doubtless  retard 
evaporation,  and  thus  indirectly  limit  rainfall.  They  are  said  also  to  influence 
electricity,  but  little  of  this  being  evolved  on  the  evaporation  of  fresh,  as 
compared  with  salt,  water  at  normal  temperatures  (Maury). 

Sea  Air. — Levy  found  that  the  average  amount  in  volume  of  oxygen  in 
the  air  of  the  Atlantic,  taken  400  leagues  from  the  shore,  was  21-019  per 
cent.,  that  of  air  taken  at  Paris  being  20'960.  In  the  former  case  the  amount 
of  nitrogen  was  78*94,  and  in  the  latter  79-19  ;  and  of  carbonic  acid  -030  per 
cent,  in  the  former,  and  -043  per  cent,  in  the  latter. 

Marine  air  contains  a  considerable  amount  of  saline  matters,  drawn  from 
the  sea.  These  are,  of  course,  more  abundant  when  the  atmosphere  is  laden 
with  spray,  as  during  high  winds. 

The  air  of  the  ocean  is  more  moist  than  that  of  the  land,  partly  from 
direct  evaporation,  and  partly  also  from  the  deliquescent  nature  of  the  saline 
matters  it  contains.  This  humidity  is  more  uniformly  diffused  at  sea  than 
on  land,  where  the  varying  elevation  and  general  character  of  the  surface 
(sand,  rock,  earth,  foliage,  mountain,  plain,  water,  &c.)  attract  or  repel 
moisture  with  greater  or  less  force,  according  to  circumstances. 

The  electric  tension  of  sea  air  is  generally  greater  than  that  of  land  air. 
There  is  also  comparatively  little  or  no  pollution  of  the  former — as  e.g.  by 
smoke,  noxious  effluvia,  or  human  exhalations. 

The  comparative  uniformity  of  sea  level  over  the  globe  makes  barometric 
pressure  on  the  ocean  more  regular,  cceteris  paribus,  than  on  land. 
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Extract  from  '  Voyage  of  the  "  Challenger  "  * 

The  Gulp  Stream. 

Wet  and  Dry  Bulb  observations  made  in  crossing  and  recrossing  the  Gulf  Stream. 


Date  and  Position 


April  23,  1873. 
Off  Bermudas. 


Noon       .    . 
Midnight     . 


April  26. 
Lat.  32°  4'  N.,  Long.  66°  33'  W. 

Noon       .     . 
Midnight     . 


April  29. 

Lat.  36°  5'  N.,  Long.  69°  54'  W. 

Noon       .     . 
Midnight     . 


May  3. 

Lat.  38°  34'  N.,  Long.  72°  10'  W. 
Noon 
Midnight 


May  6. 

Lat.  40°  17'  N.,  Long.  66°  48'  W. 
Noon 
Midnight 


May  9. 

At  Halifax. 


Noon 
Midnight 


May  21. 

Lat.  42°  19'  N.,  Long.  63°  30'  W. 
Noon       .     . 
Midnight     . 


May  25. 

Lat.  37°  9'  N.,  Long.  62°  30'  W. 

Noon       .     . 
Midnight     . 


May  29. 

Off  Bermudas. 


Noon 
Midnight 


Temperature  of  air 


Dry  bulb 


Deg.  Cent. 


20-6 
200 


231 
20-6 


19-7 
17-5 


8.9 
5-8 


8-3 
5-6 


15-0 
3-9 


9-4 
8-9 


21-7 
21-7 


24-1 
23-3 


Deg.  Cent. 


17-8 
19-4 


20-8 
19-2 


18-0 
15-8 


8-9 
5-0 


7-2 
5-0 


9-4 
3-3 


8-3 
7-9 


21-4 
21-4 


23-4 
23-3 


The  temperature  of  sea  air  varies  in  different  regions,  as  on  land.  The 
general  effect  of  the  sea  is  to  modify  and  render  more  equable  the  tempera- 
ture of  the  air  above  it.  Thus,  according  to  Humboldt,  the  maritime  atmo- 
sphere of  the  tropics  is  2°  C.  below  that  on  the  land  (25-5°  against  27-7°). 
The  daily  mean  range  of  temperature,  which  near  the  equator  is,  on  the 
continents,  from  5°  to  6°  C,  seldom  exceeds  2°  in  marine  air.  Between  the 
parallels  of  25°  and  50°  N.  latitude,  the  range  is  frequently  beyond  15°  on 
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land,  whilst  at  sea  it  scarcely  attains  3°  (Boudin).  It  is  stated  that  on 
clipper  passenger  steamships,  during  a  passage  to  Australia  of  six  or  seven 
weeks'  duration,  the  mean  weekly  range  of  temperature  has  only  been  5°  F., 
the  highest  range  being  9*9°,  and  the  lowest  1*6°. 

The  air  from  malarious  coasts  is  often  extremely  fatal  to  the  crews  of 
ships  moored  to  leeward  and  within  a  short  distance  from  land. 

Sea  Life. — In  contrasting  the  conditions  of  life  at  sea  with  those  on 
land,  distinction  may  be  made  between  the  various  circumstances  proper  and 
peculiar  to  living  on  shipboard  and  those  due  to  geographical  and  geological 
considerations,  either  as  regards  mere  life  at  sea-level,  or  as  regards  life  on 
land  as  compared  with  life  on  the  water.  On  board  ship  the  sailor  is  liable  to 
the  ailments  due  to  increased  hygrometric  state  and  barometric  pressure,  such 
as  may  occur  at  low  levels,  either  at  sea  or  on  shore.  If  these  have  their  dis- 
advantages, he  has  the  compensation  of  being  exempt  from  many  of  the 
dangers  of  hving  on  land,  such  as,  e.g.,  the  risk  of  inhalation  of  sewer  air. 
This  advantage  may,  however,  be  but  partial,  inasmuch  as  the  effluvia  from 
the  bilges  and  drains  of  a  ship  are  often  quite  as  offensive  and  injurious  as 
those  from  ordinary  house-drains.  The  effect  of  frequent  exposure  to  cold 
and  damp,  so  commonly  the  lot  of  the  sailor,  is  to  give  rise  to  disorders  of 
which  rheumatism  and  bronchitis  are  the  types.  This  disadvantage  is  not  a 
necessity,  but  only  an  accompaniment  of  some  phases  of  sea  hfe,  for  it  is 
claimed  that  on  certain  voyages,  e.g.  between  England  and  Australia,  the 
constant  humidity  of  the  atmosphere  acts  as  a  protection  against  chills. 
Eapid  changes  from  one  climate  to  another,  whilst  in  many  cases  pleasurable 
and  exciting,  are  often  very  trying  to  health. 

Life  on  ship-board  is  one  thing  to  the  sailor  and  another  to  the  passenger. 
With  both  it  differs  considerably  in  relation  to  the  type  of  vessel,  duration, 
route  or  season  of  voyage,  &c.,  &c.  Much  of  the  advantage  of  such  an 
existence  is  due  to  the  tonic  effect  of  the  prolonged  stay  in  the  open  air, 
rather  than  to  the  specific  virtues  of  the  marine  atmosphere.  The  motion 
of  the  vessel  through  the  air  is  itself  highly  stimulating  and  exhilarating, 
and  especially  so  in'  the  case  of  the  swifter  steamships. 

Not  the  least  remarkable  feature  of  sea  hfe  is  the  constant  motion  of  the 
vessel.  This  motion  is  of  various  kinds — viz.  the  direct  progress  of  the  ship 
through  the  water,  rolling  (or  lateral  rotation),  pitching  (or  plunging),  and 
(in  the  case  of  steamships),  vibration. 

The  peculiar  and  specific  effect  of  the  combined  action  of  rolling  and  pitch- 
ing on  the  passenger  is  well  known.  The  familiar  gait  of  the  seaman  on  land 
is  the  result  of  his  habitual  attempts  to  maintain  his  equilibrium  on  the  deck 
of  a  rolling  ship,  the  inclination  of  which  will  sometimes  in  rough  weather 
amount  to  20  degrees  on  each  side  (Wilson). 

The  effect  of  the  mere  vibration  of  steamships  on  the  occupants,  though 
doubtless  considerable,  is  but  httle  understood. 

Pitching  and  rolling  are  greater  in  small  ships  than  in  large  ones,  and 
consequently  sea-sickness  is  more  common  in  the  former  than  in  the  latter. 
The  treatment  most  effectual  in  this  disorder  is  to  induce  the  sufferer  to 
swallow  some  food  or  drink,  to  keep  on  deck  near  the  middle  part,  and  to 
lie  flat  on  the  back  with  the  head  low  and  a  pad  on  the  abdomen. 

The  size  of  ships  has  other  important  relations  to  hygiene  than  in  the 
matter  of  sea-sickness  only — but  acting  in  the  opposite  way  than  in  regard 
to  that  disease.  It  was  the  observation  of  Lind  that  '  small  and  well-aired 
ships  are  always  the  most  healthy.'  The  explanation  of  this  hes  in  the 
greater  capability  of  ventilating  such  vessels  than  those  of  larger  size. 

The  route  of  the  voyage  is  most  important  from  a  hygienic  point  of  view. 


520  HYGIENE 

Some  voyages  are  proverbially  healthy,  and  others  the  reverse.  Hygienically 
the  voyage  affects  the  voyager  in  regard  to  whether  it  is 

Foreign  or  coasting, 

Long  or  short, 

Arctic,  tropical,  temperate,  &c. 

Each  of  the  above  is  influenced — especially  in  regard  of  time — by  the  kind 
of  vessel  (sailing  or  steam).  Service  in  many  of  the  short-voyage  steamers 
of  Great  Britain  is  attended  with  a  special  disadvantage  to  the  health  of  the 
crews.  This  arises  from  a  defect  in  the  principle  adopted  in  fixing  the  wage 
of  the  men.  In  the  class  of  steamships  known  as  '  weekly  boats,'  i.e.  such 
as  make  short  runs,  it  is  the  common  practice  to  pay  the  seamen,  firemen, 
&c.,  a  certain  sum  per  week  and  leave  them  to  look  after  their  own  victuals. 
The  result  of  this  arrangement  is  that  the  men,  through  ignorance  or  negli- 
gence, frequently  do  not  provide  themselves  with  sufficient  or  proper  food. 
Often  the  food  taken  by  sailors  on  board  such  boats  is  kept  in  tho  forecastles, 
there  being  no  suitable  store-room  for  it,  and  so  becomes  unwholesome. 

The  principal  dangers  to  health  in  long  voyages,  from  temperate  to  hot 
chmates,  arise  from  errors  as  to  diet,  drink,  and  clothing. 

The  necessity  for  reducing  the  amount  of  animal  food  and  stimulants 
in  southern  voyages  is  insisted  on  by  Lind,  and  most  authorities  since  his 
time.  Errors  on  this  point  cause  many  diseases.  Inattention  to  clothing  in 
passing  to  warmer  latitudes  is  also  to  be  credited  with  many  evil  conse- 
quences. The  amount,  material,  and  colour  of  the  dresses  are  each  hygieni- 
cally important,  by  reason  of  the  relation  these  bear  to  the  absorption  and 
convection  of  heat,  moisture,  &c. 

The  dangers  to  health  arising  from  errors  of  diet  or  clothing  on  Arctic 
expeditions  are  of  an  opposite  kind  to  those  above  named.  Here  the  necessity 
for  an  increase  of  animal  food  rich  in  fats,  and  extra  covering  for  the  body 
to  prevent  the  radiation  of  its  heat,  are  among  the  prime  necessaries  of 
existence. 

On  voyages  of  any  considerable  length — whether  to  high  or  low  latitudes, 
but  especially  the  former — one  of  the  greatest  wants  is  that  of  fresh 
vegetables,  which  are  rarely  to  be  procured  at  sea.  The  absence  of  these 
occasions  the  scourge  of  sea  life — scurvy — of  which  a  description  will  be 
found  elsewhere.  By  means  of  preserved  vegetables,  such  as  are  now  to  be 
had  in  greater  variety  and  more  palatable  condition  than  in  former  times, 
owing  to  improved  methods  of  preservation,  together  with  the  daily  use  of 
lime-juice  as  a  substitute  for  such  vegetables  as  cannot  be  so  prepared,  the 
evils  of  scurvy  have  been  much  reduced,  and  might,  under  proper  care,  be 
entirely  removed.  The  disease,  however,  still  makes  its  appearance  in 
seamen's  hospitals  from  time  to  time,  and  recent  Polar  expeditions  have 
been  attended  with  much  suffering  and  loss  through  neglect  on  this  score 
alone. 

(B)  THE    SHIP 

The  term  '  ship  '  is  defined  in  the  Merchant  Shipping  Acts  as  including 
'  every  description  of  vessel  used  in  navigation  not  propelled  by  oars.'  On 
this,  Boyd  observes  that  '  the  criterion  as  to  whether  a  vessel  falls  under  the 
category  of  ship,  is  whether  the  vessel  be  one  whose  real  habitual  business  is 
to  go  to  sea :  if  so,  though  propelled  by  oars  as  well  as  sails,  it  is  a  ship 
within  the  meaning  of  the  Act.  If  she  does  not  go  to  sea  at  all  she  is  not  a 
ship  in  this  sense.'  Such  a  definition  as  the  above  allows  the  word  '  ship  '  to 
apply  to  a  large  variety  of  craft,  of  which  the  following  is  an  account : — 


MABINE  HYGIENE  621 

Kinds  op  Ships 

Ships  are  classed  in  various  ways,  e.g.  according  to — 

1.  Mode  of  propulsion  {sd^iing  ox  s,iQdiiii).  The  different  descriptions  of 
•  saihng  vessels  are  given  below.  Steamships  are  divided  into  paddle,  screw, 
iwin-screw,  mail,  cargo,  passenger,  &c. 

2.  Big} — Sailing  vessels  are  of  various  kinds,  commonly  classed  according 
to  their  rig.  Those  in  the  merchant  service  comprise :  Full-rigged  Ship, 
viz. — A  three-masted  vessel,  each  mast  fitted  with  topmast,  topgallant  mast, 
and  royal  mast,  all  being  square-rigged  (i.e.  with  yards  and  square  sails). 
There  are  also  four -masted  vessels,  having  one  or  more  (but  not  all)  of  their 
masts  square-rigged,  and  the  others  with  topmast  only  and  gaffsails. 

Barque. — A  three-masted  vessel,  the  two  foremost  masts  being  square- 
rigged  as  above,  the  hindmost,  or  mizzen,  having  only  topmast  with  gaffsail. 
The  barquentine  resembles  the  foregoing  in  having  three  masts,  one  only  of 
which  (the  foremast)  is  square-rigged. 

Brig. — A  vessel  with  two  masts,  both  square-rigged.  The  brigantine  has 
two  masts,  one  only  (foremast)  being  square-rigged,  the  aftermast  carrying  a 
mainsail  (or  boomsail)  and  topmast,  and  gaff  topsail. 

Topsail  Schooner. — A  two-masted  vessel  with  long  lower  masts,  the  fore- 
mast having  a  loose  square  foresail,  the  aftermast  having  mainsail  and  top- 
mast, &c.,  as  in  the  brigantine.  A  three-masted  topsail  schooner  has  a  fore- 
mast as  in  the  foregoing,  the  two  aftermasts  having  mainsails  and  gaff-topsails 
as  above. 

Common  Scliooner  (fore  and  aft). — Two-masted,  the  lower  masts  being 
long,  with  short  topmasts  and  no  yards,  and  carrying  mainsails  and  gaff- 
topsails  only. 

Ghasse-Maree. — A  small  three-masted  vessel  with  foremast,  mainmast, 
andjiggermast,  on  all  of  which  lug-sails  are  carried. 

Lugger. — A  large  size  of  the  above. 

S'Zoo^.— Having  one  mast  with  topmast  and  standing  bowsprit,  and 
carrying  mainsail,  gaff- topsail,  stay-foresail  and  jibs. 

Gutter. — One-masted,  with  running  bowsprit,  with  sails,  &c.,  as  above. 

To  these  may  be  added  the  dandy,  a  small  vessel  with  one  mast,  and  a 
jiggermast  over  the  stern. 

3.  Build  (decks). — Vessels  are  classed  as  one-,  two-,  or  three-decked, 
according  to  number  of  decks. 

Spar-deched — When  lighter  than,  but  otherwise  resembling,  a  three- 
decked  vessel,  and  with  generally  two  decks  laid  and  caulked. 

Aivning- decked  (or  partially  awning-decked) — Having  a  superstructure 
above  the  main  deck. 

Shelter-decked — With  exposed  (or  weather)  decks,  covered  and  closed  in 
at  top  and  sides. 

Shade-decked — With  weather-deck  not  enclosed  at  sides  above  bulwarks, 

Fkish-decked — Having  a  continuous  upper  deck,  without  poop,  bridge- 
house,  or  forecastle. 

Well-decked — Having  poops  or  raised  quarter-deck,  bridge,  and  top- 
gallant-forecastle, the  space  between  these  forming  the  well  (fig.  2). 


FORECASTLE. 


Fig.  2. 
*  Abbreviated  from  Captain  Paasch's  From  Keel  to  Truck. 
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Ship  with  Hurricane- deck — -Having  a  light  platform  over  the  erections- 
on  the  upper  deck,  for  promenade,  &c. 

Ships  are  also  single-  or  double-bottomed,  chncher-  or  carvel-built  (i.e. 
with  outside  planks  overlapping  or  flush-laid),  chpper  (with  sharp  fine  lines),. 
or  bluff  (fuU),  &c.,  &c. 

4.  Ships  are  also  classed  according  to  the  piLrpose  they  are  intended  tO' 
serve,  e.g. : — 

Trading  ships.  Cattle  ships. 

Passenger  ships.  Ore  ships. 

Emigrant  ships.  Colliers. 

Liners  (large  or  small). 

Trawling  and  fishing  vessels  (steam,  line,  and  net). 

Sea-going  screw  wherry,'  hopper,  'ketch,'  'shooter,'  &c. 

5.  Trade  (route,  &c.). — Foreign,  coastmg.  East  Indian,  Australian,. 
Mediterranean,  North  or  South  American,  &c. 

6.  Biver  craft,  &c.  :  e.g.  tug-boat,  keel,  dredger,  wherry,  passenger,, 
ferry-boat,  barge,  canal-boat,  towing-hopper. 

7.  Boyal  Navy. — The  fleets  of  war  vessels  of  England  and  other  countries 
comprise  : —  ^^ 

Battle-ships.  Cruisers. 

Coast  defence  vessels.  Torpedo  vessels  and  torpedo  boats.- 

To  which  may  be  added  transport  ships.  ' 

With  regard  to  the  relation  between  the  different  classes  of  ships  and 
their  general  salubrity,  there  is  much  to  be  said  both  in  favour  of  and  against- 
many  of  the  varieties  above  named,  so  that  it  is  almost  impossible  to  form  a 
decided  judgment.  A  comparison  of  the  hygienic  advantages  of  saihng  ships 
as  compared  with  steamers  involves  questions  of  size,  speed,  material,  con- 
struction, &c.,  and  not  the  mere  matter  of  motive  power  which,  per  se,  has 
little  to  do  directly  with  sanitation. 

Sailing  ships  are  probably  more  liable  than  other  vessels  to  accidents,, 
such  as  loss  of  men  overboard,  from  the  nature  of  the  duties  to  be  performed. 
On  the  other  hand,  accidents  connected  with  machinery,  scalding,  &c.,  the- 
ailments  resulting  from  working  under  high  temperature,  &c.,  are  character- 
istic of  steamships.  Again,  in  steam  vessels,  especially  those  used  for  pur- 
poses of  war,  there  is  likely  to  be  more  unhealthiness  from  insufficiency  of 
cubic  space  than  in  sailing  ships,  on  account  of  the  room  taken  up  by  the 
machinery  and  coal  to  work  it.  Steamships  have,  however,  counterbalanc- 
ing characteristics.  The  introduction  of  the  screw  propeller  in  place  of  the 
paddle  gave  a  great  impetus  to  naval  warfare.  De  Mericourt  states  that 
in  1859  a  flotilla  of  eighteen  French  and  English  vessels  (thnteen  screw 
steamers  and  five  sailing  ships)  set  out  from  Europe  for  China  mth  12,000 
men.     The  results  on  the  lives  of  the  sailors  and  soldiers  were  as  follow : — 


— 

Xo.  of  Ship.? 

Total  Equipment 

Deaths 

Rate  of  Mortality 
per  1,000 

Sailing     . 
Screw  steamers 

Total  . 

5 
13 

3,765 
8,117 

45 
64 

11-9 
7-9 

18 

11,882 

109 

9-3 

'  This  differs  from  the  river  wherry  in  size  (100  tons,  &c.),  in  being  decked  over,  and 
having  a  mast  or  masts  for  use  in  case  of  the  engines  breaking  down,  &c. 
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The  lower  rate  of  mortality  in  the  screw  steamers  is  attributed  to  the 
superior  speed,  and  consequently  quicker  voyage,  of  these  vessels,  and  to  the 
greater  number  of  calls  they  made  at  different  ports ;  whereas  the  sailing 
ships  anchored  once  only  on  their  voyage,  which  was  much  longer. 

The  ships  of  the  Royal  Navy  have,  as  compared  with  those  of  the  mer- 
chant service,  both  advantages  and  disadvantages  from  a  hygienic  point  of 
view.  Though  men-of-war's  crews  are  in  most  respects  exceedingly  well  cared 
for,  the  proportionately  large  number  of  men  on  board  and  the  general  con- 
struction of  the  ships  almost  imply  crowding  and  defective  ventilation.  In 
trading  ships  the  tendency,  especially  of  late  years,  has  been  in  the  direction 
of  undermanning,  and  attendant  increase  of  cubic  space  per  head.  The  fore- 
castles of  such  vessels  are  in  general  more  easily,  and  perhaps  better,  venti- 
lated than  battle-ships.  Again,  cargo  ships  are  not  fairly  comparable,  say^ 
with  those  in  the  passenger  trade,  in  respect  of  sanitation  ;  for  cargoes  are 
of  all  kinds,  from  the  most  innocuous,  such  as  bricks,  metal,  coal,  cotton, 
timber,  grass,  &c.,  to  the  most  unhealthy,  such  as  rotten  plums  or  potatoes, 
manure,  putrid  hides  or  fish,  infected  rags,  &c.  On  the  other  hand,  passenger 
ships  vary  in  equal  degree,  from  the  magnificent  liner  with  ample  accommo- 
dation and  every  possible  luxury,  to  the  dark,  dirty,  overcrowded  emigrant 
vessel,  with  its  prevailing  characteristics  of  cheerlessness  and  discomfort. 

Perhaps  among  the  most  insanitary  of  the  larger  vessels,  fortunately  not 
very  numerous,  are  those  carrying  both  emigrants  and  cattle.  Such  ships 
are  often  exceedingly  offensive  and  unhealthy  on  account  of  the  accumula- 
tion and  decomposition  of  manure  and  urine  from  the  quadrupeds,  which 
there  is  usually  no  means  of  removing  until  after  debarkation.  Of  the  same 
character  are  certain  kinds  of  transport  ship  for  cavalry,  such  as  described  by 
Fonssagrives,  in  which  the  urine  flowed  down  and  mixed  with  the  bilge-water,, 
causing  a  most  disagreeable  stench. 

The  rig  of  ships  has  no  relation  beyond  that  of  general  size  to  hygienic 
character.  Build  has,  on  the  contrary,  a  great  deal  to  do  with  this.  The 
fewer  decks,  the  more  airy  and  sweeter  the  vessel.  Ventilation  becomes  more 
complex  and  more  difficult  in  proportion  to  the  compartments  into  which  the 
ship  is  divided  either  longitudinally  or  transversely,  vertically  or  horizontally. 
*  Well-decked '  vessels,  on  account  of  liability  in  stormy  weather  to  ship 
heavy  seas,  which  lodge  in  the  '  well '  and  flood  the  ship,  are  dangerous. 

Among  fresh-water  craft  the  canal  boat  is  the  most  worthy  of  attention  as 
regards  the  health  of  those  on  board,  for  it  is  the  house  and  home  of  a  large 
population,  and  this  often  under  circumstances  most  adverse  to  sanitation. 
Overcrowding,  dirt,  foul  air,  defective  ventilation  and  disease,  are  frequent 
on  such  boats,  and  but  for  the  system  of  inspection  under  which  they  are 
placed  would  be  much  more  common  than  they  are. 

Mateeial  of  Ships 

Ships  are  constituted  of— (1)  Wood;  (2)  iron;  (3)  steel;  or  they  are 
(4)  composite,  i.e.  composed  partly  of  wood  and  partly  of  metal. 

Wooden  Ships. — Although  wood  has  been  until  recent  times  almost  the 
sole  material  of  which  the  hulls  of  ships  is  made,  few  wooden  ships  are  now 
being  built.  The  large  number  of  such  vessels  afloat,  however,  makes  the 
consideration  of  this  constructive  material  important  from  hygienic  and 
other  points  of  view. 

Health. — It  was  an  observation  of  Lind,  that  new-built  ships  were  un- 
wholesome. He  says  :  '  The  freshness  of  a  ship's  timbers  is  sometimes  a 
general  cause  of  sickness.    A  vapour  constantly  exhaling  from  the  wood  may 
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be  felt  and  is  often  seen  by  candlelight  in  a  well-illuminated  ship.  ...  It 
produces  irregular  fevers  accompanied  with  a  flux  and  dangerous  symptoms.' 
Levy  refers  to  the  notorious  insalubrity  of  hastily-built  ships  of  humid  wood 
as  a  cause  of  scurvy  among  crews. 

"Wooden  ships  are  warmer  in  cold  chmates,  and  cooler  in  hot  ones  than 
those  of  iron.  In  the  latter  a  great  deal  of  condensation  of  vapour  goes  on, 
causing  dampness,  as  will  be  shown  further  on  (p.  526).  Wooden  vessels 
have  frequently  become  saturated  with  the  infection,  e.g.,  of  yellow  fever, 
and  in  consequence  have  had  to  be  sunk  in  the  sea  for  a  length  of  time  for 
purposes  of  purification. 

Kinds  of  Wood  employed  in  Shipbzdlding. — The  principal  woods  used 
are  oak  (British  and  Dantzic),  teak,  elm,  and  fir.  Oak  was  first  employed 
for  this  purpose  by  the  Veneti  (Caesar,  '  De  Bello  Gallico  ')  lib.  iii.  cap.  13. 
The  frames  of  ships  are  now  generally  constructed  of  it  or  of  other  hard- 
grained  woods.  Mr.  Leonard  Wray  ^  speaks  very  highly  of  many  of  the 
woods  of  Honduras,  viz.  greenheart,  live  oak  (Bignonia),  mahoc,  bullet  tree, 
ironwood,  locust,  for  ships'  planking,  &c.;  also  dogwood,  red-  and  pitch-pines, 
cedar ;  the  morra  (for  keels,  timbers,  and  beams),  and  its  branches  for 
knees.  The  sap  of  the  oak  contains  tannic  and  gallic  acids,  which  act  on  iron 
rapidly,  hence  the  use  of  iron  nails  and  fastenings  for  that  wood  is  objection- 
able. Teak  and  many  of  the  Honduras  woods  are  very  valuable  on  account 
of  their  strength,  resistance,  and  durability,  partly  due  to  their  oily  and 
resinous  nature,  by  which  they  resist  moisture  and  dry-rot  better  than  oak. 
Teak,  however,  like  other  timbers,  varies  much  in  quality  according  to  the 
soil  on  which  it  is  grown.  Elm  decays  rapidly  when  alternately  wet  and 
dry,  but  is  very  durable  when  kept  constantly  immersed  in  the  water ;  hence 
it  is  chiefly  used  in  making  keels,  &c. 

The  ancient  Egyptians,  whose  sculptures  and  paintings  show  their  know- 
ledge of  sawn  planks  of  timber  in  boat-building,  are  said  to  have  used  acacia 
and  black  pine  on  account  of  their  durability. 

Cedar,  pine,  and  other  light  woods,  strongly  clamped  with  iron  or  brass, 
were  used  by  the  Eomans  for  building  their  7iaves  lihurna,  or  despatch 
ships, 

Paasch  ^  names  as  many  as  sixty-three  varieties  of  woods  employed  in 
shipbuilding  and  the  fittings  of  ships,  cabins,  &c. 

Durability  of  Ship  Timber. — This  and  strength  determines  the  choice  of 
woods  in  most  cases.  The  kinds  of  timber  lastmg  best  are  those  containing 
most  resin,  gums,  and  oily  matter.  These  resist  the  action  of  moisture  and 
repel  the  ravages  of  worms.  The  circumstances  affecting  durability  may  be 
considered  under  the  following  head,  viz. :  — 

Decay  of  Wood 

"When  masses  of  timber  lying  in  close  contact  become  more  or  less  moist, 
and  are  exposed  to  an  elevated  temperature  without  the  free  circulation  of 
air,  fermentation  and  decomposition  soon  set  in.  This  is  due  to  the  action  of 
bacteria  and  other  fungi.  Imperfect  seasoning  is  one  of  the  most  common 
causes  of  dry-rot,  a  destructive  fungoid  disease  of  timber  in  houses  on  shore 
and  in  ships  at  sea.  According  to  Lloyd's  rules,  ships  of  the  best  and  most 
thoroughly  seasoned  timber,  and  built  in  the  open  air,  are  classed  for  twelve 
years  only.  If  built  under  cover  they  may  be  classed  for  an  additional  year, 
showing  the  importance  attached  to  the  exclusion  of  external  moisture.  Un- 

•  Quoted  in  Brit.  Encycl.,  1860.  ^  p^fy^n  Xeel  to  Truck. 
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seasoned  oak  is  especially  liable  to  dry-rot.  The  age  of  wood  and  the  season 
of  the  year  when  it  was  felled  have  each  an  important  bearing  on  its  preser- 
vation ;  young  timber  containing  less  mineral  matter  (lignin)  in  its  cells  than 
old,  and  summer- felled  trees  being  more  sappy  than  those  cut  down  in  winter. 
The  parts  of  the  ship  most  Hable  to  decay  from  wood-rot  are  the  internal^ 
and  from  the  causes  above  named.  Of  the  external  parts,  those  alternately 
exposed  to  air  and  water  suffer  most  in  this  respect,  those  constantly  sub- 
merged being  least  affected.  The  ravages  of  dry-rot  under  favourable  con- 
ditions (moisture,  absence  of  ventilation,  and  a  certain  degree  of  warmth)  are 
such  as  few  without  actual  experience  would  credit. 

The  writer  has  known  timbers  a  foot  in  thickness  in  the  floors  of 
a  house  completely  eaten  through,  and  made  into  touchwood  by  it  in  the 
course  of  two  years.  It  appears  that  this  alteration  of  wood  does  not 
result  from  the  development  of  various  species  of  fungus.  Thus  in  the 
ship  '  Queen  Charlotte,'  Knowles  observed  the  Boletus  hybridus,  B.  medulla; 
panis,  B.  lachrymans,  Xylostroma  giganteum,  ajad  Auricularia pulverulenta. 

Wood  is  also  liable  to  destruction  by  animal  parasites,  among  which 
Fonssagrives  names  the  Lymexylon  Jiavale  (Coleoptera),  the  Lymnoria  tere- 
brans (Crustacea,  order  Isopoda),  Lymnoria  xylophaga,  Teredo  navalis,  and 
others. 

Iron  nails  and  fastenings  rust,  and  thus  injure  timber,  especially  oak. 

Preservation  of  Wood 

Various  means  have  been  adopted  at  different  periods  for  the  preserva- 
tion of  wood.  The  following  are  given  in  the  '  Encyclopaedia  Britannica ' 
and  elsewhere : — 

(1)  The  first,  or  natural  mode,  is  that  of  weather  seasoning,  which  requires  two 
years  or  more  to  complete  the  evaporation  of  the  sap,  which  is  the  principal  medium  of 
decomposition.  Immersion  timber  for  masts,  &c.,  is  submerged  in  sea-water  or  mud  for 
protection.     Wood  so  preserved  is  not  liable  to  crack. 

(2)  Charring  in  a  sandbath  is  said  to  have  been  in  vogue  at  the  beginning  of  this 
century  (' Encycl.  Britannica'). 

(3)  Desiccation  in  a  stove,  by  current  of  dry  hot  air,  and  exposure  to  the  fumes  of 
sawdust  or  tar  (Guibert).  A  modification  of  this  is  the  method  of  Gavini,  who  proposed 
to  withdraw  the  sap  by  an  air-pump,  and  to  inject  under  high  pressure  (Fonssagrives). 
Desiccation  in  a  current  of  air  at  a  temperature  of  from  115°  to  120°  F.  is  employed 
to  preserve  other  woods  than  English,  which  become  fissured  at  a  heat  of  above  105°. 
Desiccated  wood  is  said  to  be  hygrometric. 

(4)  Steaming  and  pickling  (Machonochie's  method).  This  consists  of  (a)  steaming  the 
wood  in  a  closed  tank  ;  (6)  condensing  the  steam  so  as  to  form  a  partial  vacuum,  to  re- 
move the  natural  juices  ;  (c)  submerging  the  timber  in  oil  from  teak,  &c. 

(5)  Injection  of  solutions  of  metalhc  salts  (a)  perchloride  of  mercury  (Kyan's  pro- 
cess, or  Kyanizing) ;  (6)  chloride  of  zinc  (Burnett's  process).  Various  other  salts  have 
been  used,  but  none  with  success. 

(6)  Creosoting.  After  abstracting  the  air  and  sap  in  vaciM,  creosote  under  pressure 
of  150  lb.  to  the  square  inch  is  forced  into  the  wood,  and  pressure  kept  up  for 
forty-eight  hours  or  more.  This  method  is  chiefly  employed  for  the  protection  of  pine. 
Yellow  pine  should  absorb  11  lb.  of  creosote  per  cubic  foot.  The  process  prevents  decay 
and  the  development  of  worms. 

(7)  Carbonization  of  the  internal  surface  of  the  ship's  timbers,  e.g.  by  means  of  the 
flame  of  ordinary  coal-gas,  after  brushing  with  tar  to  render  the  wood  more  inflammable. 

(8)  Dr.  Boucherie's  process  (applicable  to  straight -grained,  porous  woods).  This 
consists  of  forcing  out  the  sap  by  a  pressure  of  15-20  lb.  to  the  square  inch,  by  means  of 
a  raised  tank  containing  a  solution  of  sulphate  of  copper.  The  pressure  is  applied 
at  one  end  of  the  block  of  wood  to  be  operated  on.  The  natural  juices  are  replaced  by 
the  copper  solution. 
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Strength  of  Ti^nher 

Timber  is  valued  according  to  its  cohesive  strength,  its  resistance  to 
pressure,  and  its  transverse  strength. 

The  cohesive  strength  of  different  woods  per  square  inch  in  lbs.  is  stated 
by  Barlow  ^  to  be  as  under  : — 

Lbs. 

17,000 

15,000 


Ash 
Teak 
Fir 
Beech 


Pear    . 

Mahogany 


12,000 

11,500 

10,000 

9,800 

8,000 


Professor  Hodgkinson  places  the  following  woods  in  inverse  order  of 
resistance  to  pressure : — Yellow  pine,  cedar,  red  deal,  birch,  sycamore, 
Spanish  mahogany,  ash,  dry  EngUsh  oak,  box.  Unseasoned  timber  has  less 
resistance  than  seasoned. 

Barlow  gives  the  transverse  strength  of  the  various  woods  in  the  follow- 
ing order: — Teak,  Enghsh  oak,  Canadian  oak,  Dantzic  oak, -Adriatic  oak, 
ash,  beech,  elm,  pitch-pine,  red-pine.  New  England  fir,  Riga  fir.  Mar  Forest 
fir,  larch. 

Iron,  Steel,  and  Composite  Ships. — At  present  almost  all  ships  are  being 
built  of  iron,  steel,  or  a  combination  of  those  with  wood.  Such  vessels  are 
in  general  of  much  larger  size  than  those  of  wood.  The  masts  and  stand- 
ing rigging,  and  occasionally  even  the  yards,  are  of  iron,  as  is  often  the 
house  amidships  and  sometimes  the  boats.  Metal  as  a  material  for  ships 
has  hygienically  both  advantages  and  disadvantages  in  comparison  with 
wood.  Thus  in  tropical  latitudes  the  decks,  cabins,  engine-rooms,  fore- 
castles, &c.,  of  an  iron  ship,  especially  the  first  of  these,  acquire  a  high 
temperature,  which,  from  the  angle  at  which  the  sun's  rays  fall  on  the 
metal,  together  vsdth  the  fact  that  the  dark  unpainted  surface  greatly  pro- 
motes absorption  of  the  heat,  becomes  often  insufferably  high.  In  cold 
weather  the  reverse  is  experienced.  Another  evil  of  iron  ships  is  the  con- 
densation of  aqueous  vapour,  or  '  sweating  '  as  it  is  called,  in  forecastles, 
cabins,  &c.  This,  where  a  number  of  men  are  housed  together,  makes  the 
quarters  constantly  wet,  and  unhealthy.  It  is  obviated  by  lining  the  decks, 
plates,  or  stringers  with  wood,  or  covering  the  surface  with  paint  or  varnish, 
and  whilst  this  is  still  moist,  applying  a  thick  coat  of  coarsely  granular 
cork. 

On  the  other  hand,  iron  vessels  are  firee  from  the  danger  of  saturation  to 
which  the  older  wooden  ships  were  so  liable.  Paint,  which  is  necessary  to 
prevent  iron  from  rusting,  is,  cceteris  paribus,  sanitary.  White  paint  (zinc  or 
silicate)  is  preferable  to  that  in  other  colours,  both  as  regards  its  appear  • 
ance  and  its  reflection  of  the  rays  of  heat. 

Othbe  Metals,  etc.,  used  in  Shipbuilding 

Copper  is  used  for  ships'  sheathing  below  water-line,  as  a  protection 
against  sea  water  and  the  ravages  of  marine  animals.  It  is  used  alone  for 
pipes,  funnels,  &c.,  or,  in  the  form  of  brass,  for  handles,  locks,  casings,  and 
numerous  other  things. 
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Lead  appears  to  have  been  used  as  a  sheathing  for  ships  in  the  time  of  the 
Bomans.  A  ship  of  Trajan's,  raised  after  many  centuries  of  submersion,  was 
found  to  have  such  a  sheathing  fixed  with  copper  nails.  It  is  used  for  certain 
purposes  on  shipboard  at  present,  e.g.  as  a  protection  for  steps  and  for  piping, 
&c.  In  French  steamships  lead  was  formerly  employed  largely  in  the  form 
of  pipes  to  convey  water  for  drinking  purposes,  which,  together  with  the  free 
use  of  red  and  white  lead  in  the  machinery,  &c.  gave  rise  to  a  very  large 
amount  of  seriously  fatal  lead  colic  among  the  crews,  and  especially  the  fire- 
men and  engineers.  The  disease  remained  unrecognised  for  a  considerable 
length  of  time.  At  length  the  discovery  of  its  true  nature  and  source  led  to 
the  stoppage  of  the  evil.  The  reader  will  find  a  description  of  this  '  colique 
vegetale  ou  colique  seche'  in  the  'Traite  de  Geographie  et  de  Statistique 
Medicales  '  of  Boudin,  who  did  not  distinguish  the  disease  from  ordinary 
lead  poisoning,  and  in  the  works  of  Ponssagrives  and  De  Mericourt,  who 
did.  The  latter  shows  that  much  diversity  of  view  existed  as  to  this  disease, 
and  that  under  different  theories,  all  erroneous,  a  multiplicity  of  names  were 
given  to  it.  Many  years  appear  to  have  elapsed  before  M.  Lefevre  directed 
attention  to  the  state  of  the  patient's  gums,  which  showed  the  blue  line,  and 
established  the  character  of  the  complaint.  Instituting  special  inquiries, 
M.  Lefevre  discovered,  in  the  pipes  for  conveying  drinking  water  from  the 
tanks,  in  the  tubes  for  the  distilled  water  from  the  condensing  apparatus, 
and  in  various  other  appliances,  ample  explanation  of  '  the  apparently 
capricious  occurrence  of  cases  of  dry  colic  on  board  French  men-of-war, 
whilst  ships  of  other  nations  enjoyed  a  perfect  immunity.' 

Among  other  material  entering  into  the  construction  or  used  for  the 
protection  of  ships,  may  be  mentioned  canvas,  hemp  (in  sails,  rope,  &c.), 
tar,  limewash,  grease,  &c.  The  two  former  require  merely  a  passing 
reference  here  from  their  being  frequently  stored  in  the  forecastles  of 
schooners,  ka.,  and  thus  encroaching  on  the  already  limited  crew  space. 
Tar  and  limewash  are  among  the  most  hygienic,  whilst  grease — from  its 
smell  and  share  in  the  constitution  of  bilge-water — is  one  of  the  most 
unhygienic  matters  on  shipboard. 

Construction. — The  skeleton  or  *  framing  '  of  a  wooden  ship  consists  prin- 
cipally of  the  following  parts : — (1)  The  keel,  running  the  entire  length  of 
the  bottom  of  the  ship,  and  corresponding  to  the  backbone  of  a  vertebrate 
animal.  The  keel  in  front  terminates  in  the  (2)  stem  or  foremost  part  of  the 
ship,  with  which  it  forms  an  angle  of  from  90  to  100  degrees  or  thereabouts  ; 
and  behind  in  (3)  the  sternpost  or  aftermost  part  of  the  ship  proper,  to  which 
is  attached  the  rudder.  To  the  keel  at  regular  intervals  throughout  its  entire 
length,  and  curving  outwards  not  unlike  the  ribs  from  the  human  spine,  are 
(4)  the  timbers.  Those  in  the  bow  or  front  part  of  the  ship  are  termed  cant 
timbers ;  those  aft  of  the  cant  timbers  are  the  frames.  The  sternpost  sup- 
ports (5)  the  stern,  which  curves  underneath  as  the  counter.  The  planking 
(6)  is  fixed  external  to  the  frames,  and  runs  horizontally  the  entire  length  of 
the  ship ;  the  main  rail  (7)  fixes  in  position  the  upper  ends  of  the  frames. 
The  curved  part  of  the  outside  and  bottom  of  the  ship,  below  the  water-line 
is  the  bilge.  ^  (8)  The  highest  part  of  the  side,  above  the  level  of  the  upper 
deck,  is  the  bulwark  (9),  perforated  by  mooring  pipes.  The  upper  part  of 
the  planking  near  the  stem  is  perforated  on  each  side  by  a  hawsepipe,  through 
which  passes  the  anchor  chain. 

The  framing  is  lined  inside  with  planks.     This  and  the  planking  on  the 

'  The  term  '  bilge'  (derived  from  '  bulge  ')  is  applied  by  shipbuilders  to  this  part,  and 
by  sailors  to  the  cavity  in  which  offensive  liquid,  known  as  bilge-water,  collects. 
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outside  of  the  frames  are  called  the  '  skins,'  the  whole  forming  the  wall  of 
the  ship.  Between  the  skins  in  the  intervals  of  the  frames  is  a  space  in  the 
wall,  closed  in  at  the  top  by  the  covering  board,  and  extending  downward  to 
the  bottom  of  the  vessel,  where  it  ends  in  the  limber  or  bilge,  a  longitudinal 
channel  parallel  to,  and  one  on  each  side  of,  the  keelson — a  kind  of  inner  or 
upper  keel. 

A  mid-ship  section  of  a  wooden  three-decked  vessel  is  shoviTi  diagram- 
matically  in  fig.  3.  The  parts  of  hygienic  interest  in  connection  with  it  are 
(1)  the  decks  (upper,  main,  and  lower,  in  a  merchant  vessel,  and  spar,  gun, 
and  orlop,  in  a  man-of-war),  each  resting  on  beams  extending  transversely 
from  one  side  to  the  other,  and  supported  on  shelf-pieces  or  projections  from 
the  inner  skin ;  these  beams  are  planked  on  the  upper  surface,  which  is 
shghtly  curved,  especially  on  the  upper  deck,  so  as  to  throw  off  water  to- 
the  side,  where  it  comes  in  contact  with  the  waterway,  a  projection  from  the 
inner  planking  ahove  deck,  corresponding  in  position,  &c.,  to  the  sheK-beam 
helow  deck ;  (2)  the  hold,  or  prmcipal  receptacle,  situated  below  the  lower 
deck ;  (3)  the  limbers  or  bilges  are  shown  in  section  1  on  each  side  of  the 
main  keelson,  with  covermg  or  limber  board,  and  forming  by  means  of  water- 
courses through  the  floor  timbers,  a  continuous  longitudinal  canal ;  (4)  the 
ventilating  channel  (longitudinal)  in  the  inner  skin  below  each  deck  may,  as 
shown  in  the  diagram,  serve  either  for  an  outlet  from  the  'tween  decks  or  an 
inlet  for  foul  air  from  the  bilge. 

From  the  foregoing  description  it  will  be  seen  that  water  falHng  on  the 
upper  deck  (sea,  rain,  washings,  &c.)  will  flow  to  the  waterways,  where  it  is 
discharged  overboard  by  means  of  the  scuppers  or  outlets  through  the  bul- 
warks. Liquids  and  drainage  from  cargoes  falling  on  the  lower  decks  and 
floor  of  the  hold,  pass  into  the  bilge.  Leakage  from  the  sea  through  the 
seams  of  the  outer  planking  finds  its  way  between  the  skins  into  the  bilge, 
and  thence  to  the  well  or  sink,  where  the  pumps  are  placed  to  discharge  it 
overboard.  In  steamships  the  water  on  the  floor  of  the  engine-room  and 
drippings  of  oil  from  machhiery,  &c.,  flow  to  the  bilges. 

Next  to  the  bilges,  perhaps,  the  most  insanitary  parts  of  the  ship  are  the 
(5)  i^eahs  (fore  and  after),  or  spaces  right  forward  and  right  aft.  These  are 
separated  from  the  hold,  &c.,  by  bulkheads.  The  peaks  are  frequently  in  a 
foul  condition,  and  in  the  case  of  small  ships  they  affect  the  air  of  the  lower 
forecastles,  where  the  crew  are  housed. 

Forecastles  are  of  two  kinds,  according  to  situation.  The  upper  or  top- 
gallant-forecastle is  placed  upon  the  upper  deck,  right  forward  ;  it  has  side- 
lights, and  is  entered  by  a  doorway.  Lower  forecastles  are  found  only  on 
schooners  and  small  vessels.  They  are  below  deck,  and  are  entered  iDy  a 
hatch  or  opening  in  the  deck,  measuring,  perhaps,  2^  feet  square,  sometimes 
covered  with  a  scuttle,  but  often  left  open  as  the  chief  means  of  light  and 
ventilation.  Leading  from  the  hatch  into  this  forecastle  is  a  ladder  or  flight 
of  steep  steps. ^  Lower  forecastles,  as  crew-spaces,  are,  usually  speaking, 
very  unhealthy. 

Much  superior  to  forecastles  as  crew-spaces  are  the  deck-Jiouses.  These 
are  found  on  most  Norwegian  and  Danish  merchantmen — even  small 
schooners.  They  are  also  met  with  on  many  high-class  ships,  British 
and  foreign.  Deck-houses  are  placed  amidships.  They  have  the  sanitary 
advantages  of  Kght  and  air,  which  lower  forecastles  do  not  possess,  and 
which  even  top-gallant-forecastles  have  imperfectly.     They  are  easy  of  access, 

'  Owing  to  the  small  size  of  the  hatch,  and  the  nature  of  these  ladders  or  steps  (which 
often  consist  only  of  a  few  cross-pieces  of  wood  nailed  to  the  bulkhead),  the  removal  of 
sick  sailors  is  difficult,  and  (in  case  of  enteric  fever)  dangerous. 
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and  allow  of  more  convenience  and  comfort  for  the  men.  It  is  difficult  to 
understand  why  they  are  not  more  general  in  the  merchant  service.  The 
testimony,  both  of  masters  and  crews  of  vessels,  in  their  favour,  appears  to 
be  unanimous.  The  masters  of  vessels  provided  with  them  state  that  they 
do  not  interfere  with  navigation.  The  space  occupied  by  crews  in  forecastles 
would  be  much  more  advantageously  used  for  storage. 

In  steam  vessels  the  engine-room  and  boilers  are  usually  placed  amid- 
ships, extending  downwards  to  the  floor,  and  separated  from  the  hold,  'tween 
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Fig.  3.— Midship  Section  of  Wooden  Ship. 
*  Names  of  Decks  of  a  Warship. 

decks,  &c.,  by  bulkheads,  thus  preventing  the  free  circulation  of  air  from  end 
to  end  below  deck. 

An  important  part  of  such  ships — from  a  sanitary  aspect — is  the  stoJce- 
holes.  These  are  the  places  from  which  the  furnaces  are  coaled.  They  are 
situated  at  the  bottom  of  the  ship,  deeply  below  the  water.  In  the  smaller 
class  of  vessels  there  is  only  one  stokehole  to  each  steamer,  but  large  ships 
have  two  or  more.  They  are  generally  provided  with  wide  cowled  shafts,  for 
the  delivery  of  cold  fresh  air  from  the  upper  deck,  the  hot  and  consequently 
light  air  being  allowed  to  escape  upwards.  For  economy  of  space,  the  stoke- 
hole is  usually  made  no  wider  than  is  absolutely  necessary — say  8  feet — 
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and  the  width  and  depth  being  those  of  the  ship.  The  stokers,  therefore, 
work  in  a  deep  well,  and  are  exposed  to  great  heat  from  the  furnaces,  from 
which  they  are  unable  to  withdraw  whilst  on  duty.  The  air  at  the  bottom 
of  the  stokeholes  tends  to  become  very  foul  by  reason  of  the  escape  of  the 
various  gases  of  combustion  from  the  fires.  These  gases,  from  their  greater 
density,  are  not  carried  upwards  with  the  warmed  air,  and  the  supply  of  fresh 
air  by  the  cowled  shafts  before  mentioned  does  not  counteract  their  evil 
effects.  In  some  ships  of  war  (torpedo-boats,  &c.),  where  the  stokeholes  are 
much  enclosed,  fresh  air  is  of  necessity  supplied  by  special  apparatus,  such 
as  fan-blasts,  &c.  The  effect  of  the  stokehole  on  the  stoker  is  detrimental 
to  a  high  degree.  Firemen  are,  proverbially,  unhealthy.  The  peculiar  ail- 
ments from  which  they  suffer  will  be  described  under  the  proper  section 
(Health,  Disease,  &c.,  p.  574). 

Iron  ships  have  keel,  stem,  stern  and  sternpost,  frames  and  beams,  &c., 
as  in  wooden  ships,  but  all  are  made  of  metal.  The  planks  of  the  latter  are 
in  the  former  replaced  by  iron  plates  ;  the  decks  and  transverse  partitions 
(bulkheads)  dividing  the  vessel  into  compartments  also  consist  of  iron  plates. 
The  longitudinal  bars  inside  the  frames  (stringers)  have  plates  (stringer  plates) 
riveted  to  them,  forming  the  inner  skin.  Iron  masts,  being  hollow,  are  often 
used  as  ventilators.  Boats  also  are  sometimes  made  of  the  same  material. 
They  are  said  to  be  very  buoyant,  even  more  so  than  those  of  wood. 

Iron  ships  are  frequently  provided  with  cellular  double  bottoms  or  water 
ballast  tanks  ;  or  the  double  bottom  may  be  placed  above  the  ordinary  floor 
of  the  vessel.  These  are  great  safeguards  against  accident.  The  need  of 
them  is  apparent  in  war  ships,  where  a  shothole  below  water  line  would 
quickly  sink  a  vessel.  Moreover,  the  bottom  of  any  iron  vessel  may  acci- 
dentally be  pierced  by  an  unseen  agent,  with  similar  result.  A  danger  in 
connection  with  these  double  bottoms  has  been  pointed  out  by  Macdonald,^ 
who  says  that  the  constant  chipping  and  scraping  off  of  old  paint  and  putting 
on  of  new  is  trying  to  the  health  of  the  men  engaged  on  this  duty.  The 
paint  is  commonly  formed  of  lead  as  a  basis,  and  gives  off  lead  vapour.  In 
addition  to  this  the  space  of  the  cells  is  confined  and  unhealthy  to  work  m, 
on  account  of  the  small  size  of  the  manholes  and  the  want  of  ventilation.^ 
It  is  customary  to  pump  fresh  air  down  to  the  workmen  and  to  supply  aci- 
dulated drinks  whilst  the  scraping  is  going  on.  In  the  Queen's  Eegulations 
and  Admiralty  Instructions,  1887,  p,  465,  precautions  are  laid  down  to  pre- 
vent accident  from  this  cause,  including  the  use  of  the  air-fan  before  and 
during  the  progress  of  the  work  ;  the  testing  of  the  air  in  the  cell  by  candle- 
light ;  the  keeping  up  of  communication  between  the  men  in  the  inner  com- 
partment and  those  in  the  outer  air,  &c. 

In  vessels  of  war  the  construction  is  arranged  to  subserve  to  this  special 
purpose.  The  upper  deck  has  the  top-gallant-forecastle  right  forward  as  in 
a  merchant  ship,  but  used  for  guns  or  for  purposes  other  than  housing  the 
men.  At  the  after  part  of  this  deck  is  the  quarter-deck,  with  or  without  a 
poop-deck  over  part  of  it.  Below  the  upper  deck  is  the  gun-deck,  used  also 
as  sleeping  quarters  for  the  crew,  and  having  officers'  accommodation  aft. 
Next  comes  the  orlop-deck,  in  which  certain  stores  are  kept,  and  beneath 
this  the  hold.  The  orlop  is  separated  from  the  sides  of  the  ship  by  nar- 
row passages  (wings),  which  serve  as  means  of  access  for  repair  during 
action,  (fee,  and  also  to  keep  the  stores  from  the  side  of  the  vessel.  The 
hold  is  the  general  magazine  for  ammunition,  spirit,  water,  provisions,  &c. 
The  orlop-deck  contains  the  cockpit  or  surgery,  and  some  accommodation 

'  Naval  Hygiene. 

*  The  special  ailments  to  -which  these  workmen  are  liable  will  be  found  at  p.  579, 
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for  officers.  The  ventilation  of  this  deck,  as  from  its  position  below  water- 
line  may  be  imagined,  is  defective.  That  of  the  hold  is  still  more  so.  This 
part  of  the  ship  is  not  used  for  crew  space. 

Passenger  ships  are,  by  the  Passenger  Acts,  provided  with  '  space  properly 
divided  off  ...  to  be  used  exclusively  as  a  hospital  or  hospitals  for  the  pas- 
sengers. This  space  shall  be  under  the  poop,  or  in  the  round-house,  or  in 
any  deck-house  .  .  .  properly  built  and  secured  ...  or  on  the  upper  pas- 
senger deck,  and  not  elsewhere,  and  shall  in  no  case  be  less  than  eighteen 
clear  superficial  feet  for  every  fifty  passengers.'  ^  Between  emigrant  vessels 
and  passenger  ships  of  the  highest  class,  there  is  a  wide  range  in  the  extent 
and  character  of  the  accommodation  provided  for  those  on  board.  In  the 
former  there  is  often  but  little  convenience  and  no  comfort.  The  latter  are 
constructed  and  fitted  up  to  administer  to  the  wants  and  fancies  of  the  most 
exacting  and  capricious  tastes.  Electric  lighting,  arrangements  for  carrying 
off  the  smoke,  smell,  and  heat  from  the  engine-rooms  above  the  passengers' 
heads,  elaborate  refrigerators  for  preserving  fresh  provisions,  spacious  apart- 
ments, punkahs,  promenades,  &c.,  combine  to  render  a  sojourn  in  one  of 
these  '  floating  hotels  '  exceedingly  agreeable,  and  as  little  like  a  sea  voyage 
as  it  is  possible  to  imagine.  Some  of  the  '  liners  '  are  built  of  steel,  and  are 
450  or  500  feet  in  length,  with  50  or  more  feet  of  beam,  and  upwards  of 
6,000  registered  tonnage.  By  means  of  half-a-dozen  boilers  and  triple  ex- 
pansion engines,  8,000  horse-power  and  a  speed  of  more  than  400  knots  in 
the  twenty-four  hours  is  attained.  They  are  fitted  with  double  bottoms  in 
separate  watertight  compartments,  and  there  is  usually  an  arrangement  for 
dividing  the  upper  part  of  the  vessel  into  several  parts  by  means  of  sliding 
doors,  &c.,  as  a  protection  against  fire. 

Statistics  op  Shipping 

The  following  figures  show  respectively  the  particulars  of  vessels  in  the 
Eoyal  Navy  of  England,  the  merchant  navies  of  different  countries  in  trade 
with  the  United  Kingdom,  and  the  fishing  boats  of  the  United  Kingdom, 
canal  boats,  &c.  The  statistics  of  the  crews,  passengers,  &c.,  will  be  found 
under  the  proper  heading  (pp.  531,  &c.). 

Boyal  Navy. — An  Admiralty^  return  showing  the  fleets  of  different 
countries  up  to  April  1888,  gives  the  following  information  as  regards 
England  : — 

(a)  Battle-ships,  49,  ranging  from  4,010  to  11,940  tons  displacement,  of  wliieh  seven  of 
the  largest  were  completing  or  building. 

(b)  Coast  defence  vessels,  13,  ranging  from  1,230  to  4,910  tons  displacement. 

(c)  Cruisers  (completed),  armoured  6,  ranging  from  5,890  to  8,400  tons  displacement; 
unarmoured,  53,  ranging  from  1,420  to  5,780  tons  displacement ;  (completing  and 
building),  armoured,  6,  each  5,600  tons  displacement;  unarmoured,  22,  ranging  from 
1,580  to  9,000  tons  displacement. 

The  unarmoured  cruisers  of  the  largest  size  are  estimated  to  attain  a 
speed  of  22  knots. 

(d)  Armoured  torpedo  ram,  2,600  tons  displacement. 

(e)  Torpedo  vessels  (completed  or  uncompleted),  14,  from  245  to  735  tons  displace- 
ment, and  having  a  speed  of  from  19  to  21  knots  ;  torpedo  storeships,  2 ;  torpedo-boats 
(built,  and  to  be  built),  86  first-class,  speed  from  15-5  to  23  knots ;  61  second-class  ; 
wood  (completing),  12. 

>  Board  of  Trade  '  Notice  to  Passengers,'  1887.     Clause  xxiv. 
^  Nasies  (England  and  other  countries). 
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Italy  has  the  largest  number  of  battle-ships  (21),  of  which  no  less  than 
13  range  from  11,000  to  13,890  tons  displacement.  Among  other  vessels  of 
war,  that  country  possesses,  according  to  the  return  in  question,  95  first-class 
torpedo-boats,  of  a  speed  from  20  to  22-5  knots. 

Merchant  Shijjping. — Year  1891,  vessels  actually  employed  (classed 
according  to  tonnage)  in  the  home  and  foreign  trade  :  ^ — 


Sailing 

steam 

Vessels 

Tons 

Vessels 

Tons 

Under  50  tons 

3,940 

138,362 

847 

19,720 

Of   50  and  under  100  tons 

4,007 

286,255 

492 

33,616 

,   100    „     200  „ 

1,087 

157,592 

333 

49,316 

,  200    „     300  „ 

268 

65,561 

230 

57,780 

,  300    „     400  „ 

124 

42,960 

230 

80,347 

,  400    „     500  „ 

96 

44,691 

275 

123,768 

,  500    „     600  „ 

83 

44,443 

240 

131,637 

,   600    „     700  „ 

88 

57,790 

229 

149,290 

,   700    „     800  „ 

113 

85,352 

257 

192,414 

,  800    „    1,000  „ 

189 

169,005 

522 

468,354 

,  1,000    „    1,200  „ 

232 

257,725 

567 

621,477 

,  1,200    „    1,500  „ 

362 

485,227 

761 

1,028,337 

,  1,500    „    2,000  „ 

353 

609,419 

667 

1,141,835 

,  2,000    „    2,500  „ 

143 

314,229 

266 

589,119 

,  2,500    „    3,000  „ 

29 

79,472 

139 

379,038 

,  3,000  tons  and  above 

3 

9,418 

74 

250,998 

Total 

11,114 

2,847,501 

6,129 

5,317,040 

Merchant  Shipping  ^ 

Extracts  from  Board  of  Trade  Beturns  to  the  House  of  Commons 

United  Kingdom  (foreign  trade),  tonnage  of  sailing  and  steam  vessels- 
with  cargoes  and  in  ballast,  entered  and  cleared  at  ports  in  the  United^ 
Kingdom  in  1891 : — 

Including  Steam  (Tons) 


British  ships 
Foreign  ships 

Total     . 


Tons 

53,957,435 

20,855,185 

74,812,620 


49,371,398 
13,593,686 

62,965,084 


Principal  Maritime  Countries  (foreign  trade). — Tonnage  of  sailing  and. 
steam  vessels  entered  and  cleared  in  the  principal  maritime  countries  o£ 
Europe  and  the  United  States,  with  cargoes  and  in  ballast,  in  1890 : — 

Countries  Tons 

United  Kingdom '     53,973,112 


Eussia  (in  Europe) 

Norway 

Sweden 

Denmark 

Germany 

Holland 

France 

Portugal 

Spain  . 

Italy    . 

United  States 


958,258 
3,468,397 
3,624,301 
4,693,308 
9,275,710 
3,122,125 
9,254,879 

746,175 

10,473,542 

3,473,148 

8,149,878 


'  Extracted  from  the  Annual  Statement  of  Navigation  and  Shipping  of  the  United 
Kingdom  for  the  year  1891.     By  the  Board  of  Trade. 

^  Tables  showing  progress  of  British  merchant  shipping.  .Board  of  Trade  return  tO' 
the  Order  of  the  House  of  Commons,  June  1892. 


MARINE  HYGIENE 


533 


Principal  Maritime  Countries  [Merchant  Navies) 

Tonnage  in  tlie  year  1890 

Countries  Tons 

British  Empire  (including  United  Kingdom)         .  9,688,088 

United  Kingdom 7,945,071 

Eussia — 

Finland — 

Norway 1,705,699 

Sweden 510,947 

Denmark 302,194 

Hamburg 538,229 

Bremen 378,038 

Total  German  Empire 1,433,413 

Holland 255,711 

Belgium 75,946 

France 944,013 

Italy 820,716 

Austro-Hungarian  Empire 204,214 

Greece 271,386 

United    States,  registered  for   over-sea    (foreign 

trade) 946,695 

United  States,  enrolled   and  licensed,  including 

lake  and  river  steamers  of  home  trade    .        .  3,477,802 


Boats  Registered  under  the  Sea  Fisheries  Act,  1868,' 


Boats 

England 

Scotland 

Ireland 

Total  United 
Kingdom 

No. 

Tons 

No. 

Tons 

No. 

Tons 

No. 

Tons 

First  Class. 

15  tons  and  up- 
wards 

Second  Class. 

(Less  than  15  tons 
navigated  other- 
wise    than     by 
oars  only). 

Tonnage  known    . 
„         unknown 

Third  Class. 

(Navigated  by  oars 

only). 
Tonnage  known    . 
,,         unknown 

3,873 

4,055 
20 

115 

183,421 

23,848 
246 

3,705 

6,582 
1,245 

77,533 

26,228 
2,535 

441 

2,899 
3,658 

11,742 

9,744 
6,277 

8,019 

13,536 
20 

5,018 

272,696 

50,820 
9,058 

/Boats,  the  ton- 
nage of  which 
3  J    is  known 
^j  Boats,  the  ton- 
nage of  which 
V    is  unknown    . 

8,043 
20 

207,515 

11,532 

106,296 

6,998 

27,763 

26,573 
20 

341,574 

Total 

8,063 

— 

11,532 

— 

6,998 

27,763 

26,593 

— 

N.B. — Undecked  fishing  boats,  not  going  outside  the  distance  of  three 
miles  from  low-water  mark,  or  in  the  bays  ten  miles  wide,  are  exempted  from 
registration.     This  exemption  does  not  apply  to  Scotland  or  Ireland. 

1  From  Annual  Statement  (Boanrd  of  Trade)  Navigation  and  Shipping  of  the  United 
Kingdom,  1891. 
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In  addition  to  tlie  above,  there  are  in  the  Isle  of  Man  and  Channel  Islands 
636  boats. 

Canal  Boats,  Barges,  dx. — From  the  report  of  Mr.  Brydone,  Inspector 
under  the  Canal  Boats  Acts,  it  appears  that  '  the  number  of  boats  on  the 
registers  is  much  larger  than  that  of  the  boats  actually  employed,  and  it 
may  be  estimated  that  while  the  aggregate  returns  of  the  various  authorities 
show  11,827  boats  on  the  registers  in  1891  as  against  11,487  in  1890, 
10,000  will  fully  represent  the  total  number  of  boats  used  as  dwellings  on 
the  various  canals  and  other  waterways  of  the  country.'  ^  The  number  of 
barges  in  this  country  cannot  be  given  even  approximately.  According  to 
Collingridge,  no  less  than  9,500  barges  are  employed  in  the  Port  of  London 
alone.     About  500  canal  boats  ply  on  the  river  in  addition  to  these. 


Am  AND  Ventilation 

The  air  of  ships,  though  fresh  and  sweet  above  deck,  is  very  liable  to  be 
foul  below,  and  that  from  several  causes.  Bilge-water  is  the  essence  of  nasti- 
ness,  and  its  efSuvia  one  of  the  most  serious  nuisances  on  board.  The 
bilge  is  the  sink  of  the  ship,  and  the  exhalations  from  it  are  much  more 
offensive  and  dangerous  than  the  '  ground-air  '  of  a  house  to  which  Blyth 
compares  it.  It  is,  in  fact,  more  like  sewer  air.  The  perpetual  motion  of  the 
ship,  although  available  for  purposes  of  ventilation,  only  tends  to  increase 
the  evolution  of  gases  from  below  by  the  constant  agitation  of  the  bilge-water» 
The  sea- water  in  the  bilges  concentrates,  and,  under  the  action  of  organic 
matters  of  various  kinds  mixed  with  it,  becomes  decomposed,  giving  off  sul- 
phide of  ammonium,  sulphuretted  hydrogen,  and  other  gaseous  vapours  and 
compounds,  which  are  diffused  through  the  ship.  Fonssagrives  ^  quotes  from 
Duhamel  du  Monceau  a  remarkable  instance  of  the  evil  effects  of  inhahng 
the  vapour  from  a  cask  of  putrid  sea-water.  A  sailor  who  unbunged  the 
cask  dropped  dead  ;  six  of  his  comrades,  at  some  distance,  fell  down  in  con- 
vulsions and  lost  consciousness,  as  did  the  ship's  surgeon.  Blood  was  dis- 
charged from  the  mouth,  nose,  and  ears  of  the  corpse,  which  decomposed 
rapidly.  One  of  the  most  abominable  of  all  the  many  stenches  of  bilge- 
water,  as  testified  by  various  observers,  is  that  resulting  from  the  drippings 
of  a  sugar  cargo  into  the  bilges,  as  sugar  cargo  is  liable  to  heat  and  give 
off  offensive  effluvia  {see  '  Cargoes,'  p.  581). 

Another  cause  of  foulness  of  the  air  of  ships  is  the  cargo  itself,  which 
may  consist  of  guano,  manure,  fish,  cattle,  &c.  One  of  the  most  noxious 
articles  of  cargo  in  the  experience  of  the  writer  is  compressed  fuel,  the 
vapour  from  which  permeates  the  small  vessels  laden  with  it.  Gas  tar, 
paraffin,  &c.,  from  leaking  casks  in  cargoes,  also  make  their  presence  dis- 
agreeably felt.  In  cattle  steamers  the  accumulation  of  dung,  &c.,  pollutes 
the  air  of  ships  very  greatly. 

Frequently  the  evil  effects  of  cargoes  on  the  air  of  ships  would  be  much 
less  than  they  are,  were  it  not  from  defect  in  the  structure  of  the  vessel  and 
want  of  proper  ventilation.  Thus  the  writer  has  perceived  the  smell  of 
artificial  manure  from  the  hold  coming  through  defective  seams  in  the  floor 
of  the  lower  forecastle  of  a  schooner  ;  and  a  similar  nuisance  from  open  bulk- 
head between  hold  and  forecastle  in  a  brigantine.     Paint,  paraffin,  and  other 

'  Armual  Beport  of  the  Local  Government  Board,  1891-92. 
^  Traiti  d'HygUnc  Navale. 
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offensive  stores  are  often  kept  near  the  forecastle,  and  sometimes  within 
it,  even  in  ships  of  considerable  size.  The  *  convenience '  (water-closet  or 
privy)  is  generally  much  too  near  the  entrance  to  the  sailors'  quarters. 
Occasionally  it  abuts  upon  them  and,  from  defective  bulkhead,  is  offensive  to 
the  men  in  their  berths. 

The  air  of  forecastles  is  also  rendered  impure  by  the  respiration  of 
the  occupants,  the  combustion  of  fuel,  candles  or  oil,  mould,  mustiness,  dirt, 
&c.  Instances  are  occasionally  met  with  of  serious  accidents  from  the  use  of 
charcoal  for  fuel  without  proper  means  for  access  of  fresh  air  and  exit  for  the 
escape  of  the  fumes. 

In  the  year  1886,  the  Indian  s.s.  '  Nederlands  en  Oranje,'  from  Bombay 
vid  Odessa,  with  seventy-three  hands  (Indian  crew),  came  to  the  Tyne  for 
repairs.  Three  of  the  men  had  died  at  sea  from  inhaling  the  fumes  of 
charcoal  burnt  in  their  forecastle  during  cold  weather.  Four  died  whilst 
the  ship  remained  in  the  Tyne  Port  (from  uraemia  and  dropsy,  the  re- 
sult of  paralysis  of  the  kidneys),  and  several  others  suffered  more  or  less 
severely. 

The  Board  of  Trade  '  Instructions  as  to  Survey '  ^  provide  under  Section 
54,  '  that  every  place  occupied  by  seamen  shall,  as  far  as  practicable,  be  shut 
off  and  protected  from  effluvium  which  may  be  caused  by  cargo  or  bilge- 
water  ;  the  surveyor  must,  therefore,  see  that  the  bulkheads,  sides,  and 
decks  of  the  crew  spaces  are  so  fitted,  laid,  and  caulked,  and  are  of  such 
thickness  that  this  provision  is  complied  with,  &c.' 

In  passenger  ships,  under  the  Act  of  1883,  s.  8,  it  is  provided  that  ani- 
mals shall  not  be  carried  on  any  deck  below  that  on  which  passengers  are 
berthed,  '  nor  in  any  compartment  in  which  passengers  are  berthed,  nor  in 
any  adjoining  compartment,  except  in  a  ship  built  of  iron,  and  of  which  the 
compartments  are  divided  off  by  watertight  bulkheads  extending  to  the  upper 
deck.'  2 

Passenger  ships  of  less  than  500  tons  register  may  not  carry  more  than 
two  head  of  large  cattle,  nor,  in  larger  vessels,  more  than  one  additional  head 
for  every  additional  two  hundred  tons.  Not  more  than  six  dogs,  and  no  pigs 
or  male  goats,  may  be  conveyed  as  cargo  in  any  passenger  ship.^ 

Ventilation  is  one  of  the  most  important  sanitary  matters  to  attend  to  on 
shipboard,  for  aeration  is  the  proper  and  principal  means  of  counteracting 
what  De  Mericourt  ^  terms  '  les  deux  plus  grands  dangers  de  la  vie  nautique,' 
viz.  foul  emanations  from  holds  or  bilges,  and  the  exhalations  resulting  from 
the  crowding  together  of  human  beings  in  a  confined  space.  The  larger  the 
vessel  the  more  complex  does  the  question  of  ventilation  become.  The  crews 
of  war  vessels  are  worse  off  than  those  of  merchantmen,  in  regard  of  the 
purity  of  the  air  they  breathe,  owing  to  the  larger  number  of  hands  and  the 
difficulty  of  ventilating  properly  their  quarters,  all  or  most  of  which  are  of 
necessity  below  deck.  The  means  recommended  by  the  advisers  of  the  Go- 
vernments of  this  and  other  countries  for  the  ventilation  of  the  different  parts 
of  ships  of  war,  several  of  which  will  be  presently  described,  display  a  great 
deal  of  inventive  faculty.  But  it  is  evident  that  from  the  mere  number  and 
variety  of  these,  ventilation  in  the  Eoyal  Navy  is  felt  to  be  a  very  difficult 
and,  perhaps,  still  unsolved  problem.  Turner,^  Medical  Director  of  the  U.S. 
Navy,  compares  the  ventilation  of  ships  to  that  of  an  uncorked  bottle.  On 
merchant  vessels,  the  structure  is  on  the  whole  simpler ;  the  crew-space,  in 

»  1892.  -  Board  of  Trade  Notice  to  Passengers,  1887. 

^  Rapport  sur  le  Progr&s  de  VHygi&ne  Navale. 
*  Buck's  Hygiene  and  Public  Health. 
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Fig.    4.— Mush- 


all  but  the  smaller  ships,  is  above  deck,  and  more  easily  dealt  with ;  the 
officers  and  men  to  be  accommodated  are  also  fewer.  But  the  hold  and  other 
parts  in  which  the  cargo  is  stowed  are  specially  to  be  considered.  Speaking 
generally,  however,  the  ventilation  of  trading  ships  and  canal  boats  is  not  well 
attended  to.  The  means  and  appliances  are  not  always  there,  and,  when  pro- 
vided, their  use  is  often  neglected.  In  lower  forecastles  the  hatch 
is  sometimes  the  only  inlet  and  outlet  for  air,  and  in  stormy 
weather  this  is  closed.  Occasionally  this  hatch  has  a  scuttle 
or  companion,  with  ventilating  openings  at  the  side,  quite 
insufficient  for  the  object  aimed  at.  The  majority  of  such  fore- 
castles have  a  hole  of  about  six  mches  diameter  through  the 
roof,  fitted  with  a  cowl  or  mushroom  (fig.  4)  ventilator,  often 
closed.  In  some  of  the  steam  line-fishing  boats,  the  ventila- 
tion is  very  defective.  In  one  instance  coming  under  the 
notice  of  the  writer,  the  engineer's  quarters  opened  directly 
into  the  engine-room,  and  there  was  no  ventilation  except 
by  the  companion.  In  this  case  matters  were  grossly  aggra- 
room  Ventilator  'vated  by  a  horrible  stench  pervading  the  boat,  owing  to  the 
foul  state  of  the  timbers  from  fish  drainings  left  decompos- 
ing in  them  since  the  previous  season.  Others  of  these  boats  have  cabins 
ventilated  by  hinged  skylight  cowls,  &c.,  and  the  engineers  are  accommo- 
dated there,  or  in  state-rooms  adjoining. 

The  top-gallant-forecastles  of  steamers  and  the  larger  sailing  vessels 
have  ports  opening  to  the  outer  air,  in  addition  to  other  means  of  ventila- 
tion. The  firemen's  quarters  of  steam-ships,  when  opening  into  the  engine- 
room,  are  apt  to  be  very  close  and  stuffy.     Frequently  in  such  cases  the 

vertical  shafts  employed  to  carry  off  the  foul 
air,  instead  of  acting  as  upcasts,  by  reason  of 
the  greater  density  of  the  outer  air  in  com- 
parison with  that  from  the  warm  engine- 
room,  induce  down  draughts,  and  lead  to  the 
closing  of  the  apertures.  In  cattle  steamers, 
&c.,  where  a  large  amount  of  fresh  air  is  re- 
quired, the  ventilation  of  the  different  decks 
and  hold  is  often  effected  partly  by  ordinary 
circular-cowled  tubes,  and  partly  by  large 
flat-sided  shafts  (fig.  5),  the  tops  of  which  are 
provided  with  hinged  flaps,  to  direct  the  air 
currents  downiwards. 

In  the  best  class  of  coasting  steamers, 
trading  between  British  ports  with  passengers 
and  general  cargo,  good  ventilation  is  often 
met  with,  both  in  sailors'  and  passengers' 
quarters,  A  favourable  example  of  this  kind 
is  afforded  in  the  '  Earl  of  Aberdeen,'  trading 
between  Aberdeen  and  Newcastle.  In  this 
vessel  the  crew-space  is  right  forward,  and  of 
superior  quahty.  The  height  from  floor  to  ceiling  is  6  feet  6  inches.  Air 
and.light  are  freely  admitted  by  ports.  There  are  also  two  ventilating  shafts, 
one  through  the  deck  and  another  through  the  stair-head.  As  usual,  the 
sailors  are  quartered  at  one  side  of  the  forecastle  and  the  firemen  on  the 
other,  the  respective  compartments  being  separated  by  a  bulkhead.  Over 
this  bulkhead,  ventilating  tubes  are  carried  from  the  one  set  of  quarters  across 
the  ceiling  of  the  other,  and  discharges  by  ports  on  the  opposite  side  of  the 


Fig 
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ship.  The  engine-rooiiis  of  steam  vessels  and  the  cabins  and  saloons  of 
passenger  ships  are  ventilated  by  hinged  skylights. 

The  propulsion  of  fresh  air  into  the  parts  to  be  ventilated,  the  '  plenum  ' 
method,  is  that  most  commonly  adopted  on  shipboard,  being  readily  available, 
by  means  of  the  ship's  motion,  and  being  also  well  adapted  to  keep  fresh  the 
holds,  'tween  decks,  :tc.,  where  general  cargoes  are  kept. 

Holds  are  generiil.lv  ^  entilated  by  cowl  ventilators,  the  height  of  which 
is  regulated  by  the  height  of  the  structure  in  front  of  them,  but  in  no  case 
must  they  be  less  than  0  feet  from  deck  to  bottom  of  cowl.  For  vessels 
with  one  deck,  the  ventilator  is  as  shown  in  fig.  6  (a).  In  vessels  with  two 
decks,  the  'tween  decks  being  clear  of  coal,  the  form  of  ventilator  is  given  in 
Fig.  6  (b)  ;  and  when  the  'tween  decks  are  filled  with  coal,  it  is  as  sho■v^^l  in 
Fig.  6  (c). 

The  hatchways  or  large  openings  leading  from  the  upper  deck  to  the 
bottom  of  the  ship  are  principally  used  for  lading  and  unlading  ;  but  in  the 
case  of  cargoes  liable  to  heat,  &c.,  these  are  left  open  and  serve  as  ventilators. 
In  iron  ships  the  bitts  are  often  hollow  and  fitted  with  screw  cap,  for  venti- 
lating the  'tween  decks,  &c.  Hollow  iron  masts  are  used  for  the  purpose. 
The  windsail  is  an  apparatus  more  frequently  met  with  on  men-of-war  than 
in  trading  vessels.  It  is  practicaJly  a  sort  of  canvas  cowl,  consisting  of  a 
tube  or  shaft,  the  upper  end  of  which  is  fitted  with  wings  or  valves  to  direct 
the  wind  down  the  tube.  Some  windsails  require  to  be  trimmed,  hke  ordi- 
nary cowls,  to  every  change  of  wind.  Others  are  self-acting.  Illustrations 
of  each  kind  are  given  in  Macdonald's  '  Naval  Hygiene.'  De  Mericourt, 
referring  to  the  substitution  of  iron  cowls  for  windsails,  appears  to  prefer 
the  latter.  The  ventilation  of  a  fine  barque,  examined  by  the  writer,  may 
be  quoted  as  an  example  of  excellence.  A  central  shaft  of  iron,  11  feet 
2^  inches  by  9^  inches  inside  measurement,  was  carried  from  the  top  of 
the  deck-house  to  the  main  hold,  and  was  provided  with  cover  to  ship  and 
unship,  as  required.  A  similar,  but  smaller  shaft  forward,  and  a  third 
ventilator  aft  of  the  above,  with  a  fourth  on  the  poop,  completed  the  system, 
giving  means  of  ample  circulation  of  air  below  deck.  These  ventilators 
are  kept  open  at  sea,  and  their  outlets,  being  high  above  water,  take  in 
no  wet  even  in  rough  weather.  After  a  thirteen  years'  experience  of  the 
ship,  the  captain  says  he  has  never  known  any  damage  to  cargo  from  over- 
heating, &c. 

There  can  be  no  doubt  that  the  accommodation  for  petty  officers,  appren- 
tices, and  men  on  bo^ird  merchant  vessels  is  more  efficiently  ventilated  when 
provided  amidships  in  the  form  of  deck-houses,  &c.  {see  '  Accommodation,' 
p.  542). 

The  Board  of  Tj'ade  surveyor  is  the  authority  who  decides  as  to  whether 
a  crew-space  is  properly  ventilated.  In  the  '  Instructions  as  to  Survey,'  ^ 
the  following  is  the  text  on  this  point : — '  The  simplest  method  is  to  have  an 
iron  pipe  with  a  revolving  cowl,  which  in  lower  forecastles  must  be  as  high 
as  the  bulwarks,  fitted  at  each  end  or  side  of  the  crew-space,  so  that  while 
impure  air  escapes  id  one,  pure  and  fresh  air  will  enter  at  the  other,  and  a 
constant  circulation  be  kept  up.  Where  such  means  for  ventilation  is 
adopted,  one  of  the  venlila tors  should  pass  through  the  deck  to  at  least  the 
lower  side  of  the  b'>ams.'  Mushroom  ventilators  are  discotiraged  for  fore- 
castles. They  are  not  to  be  fitted  to  these  places  unless  they  are  at  least 
30  inches  high  for  top-gallant-forecastles  and  as  high  as  the  bulwarks  for 
lower-forecastles.     Tliere  laust  always  be  two  ventilators.     Among  other  pro- 

•  1892,  Section  No.  51. 
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visions  for  top-gallant-forecastles,  is  one  for  openings  in  the  top  and  bottom  of 
the  bulkheads,  covered  with  perforated  zinc,  and  fitted  with  doors  for  closure. 
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Under  the  Passengers'  Act,'  it  is  enacted  that  '  no  passenger  ship  shall 
'  Notice  to  Passengers,  Board  of  Trade,  1887,  Section  xxvi. 
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clear  out  or  proceed  to  sea  witliout  such  provision  for  affording  light  and  air 
to  the  passenger  decks  as  the  circumstances  of  the  case  may,  in  the  judg- 
ment of  the  emigration  officer  at  the  port  of  clearance  require  ;  nor,  if  there 
are  as  many  as  one  hundred  passengers  on  board,  without  having  an  adequate 
and  proper  ventilating  apparatus,  to  be  approved  by  such  emigration  officer, 
and  fitted  to  his  satisfaction  ;  the  passengers  shall,  moreover,  have  the  free 
and  unimpeded  use  of  such  hatchway,  situated  over  the  space  appropriated 
to  their  use,  &c.,  &c.' 

The  means  of  ventilation  hitherto  mentioned  include  those  available 
through  the  ordinary  openings  of  the  different  compartments  of  ships,  and 
the  simpler  appliances  in  general  use.  These,  though  useful  in  their  way, 
are  Hmited  in  the  extent  to  which  they  are  available.  Some  are  applicable 
only  to  the  upper  compartments,  others  are  liable  from  their  height  to  be 
swept  off  from  the  deck  in  rough  weather,  and  to  leave  openings  for  the 
inrush  of  water,  which  may  sink  the  ship.  Many  of  what  may  be  termed  the 
natural  means  of  ventilation,  such  as  hatches,  companions,  skylights,  door- 
ways, &c.,  are  of  no  service  for  this  purpose  during  a  storm,  having  then  to 
be  closed.  They  are  also  generally  closed  at  night,  and  at  other  times  when 
the  apartments  to  which  they  belong  are  occupied,  and  when  their  action  as 
sanitary  appliances  is  most  wanted.  It  is  therefore  necessary  to  provide 
more  elaborate  apparatus,  such  as  can  be  worked  at  all  times,  in  all  climates, 
independently  of  weather,  on  vessels  for  cargo,  passenger,  or  war,  and  on 
different  parts  of  these  vessels. 

All  artificial  systems  of  ventilation  act  either  by  {a)  extraction,  (&)  pro- 
pulsion, or  (c)  extraction  and  propulsion  combined. 

Many  forms  of  apparatus  for  artificial  ventilation  have  been  proposed, 
of  which  the  following  is  a  summary  : — 

Apparatus  acting  by  Extraction. — (1)  Pipes  from  the  hold,  &c.,  openmg 
beneath  fires,  were  recommended  long  ago  by  Sutton  and  Duhamel  du 
Monceau.i  The  draught  induced  by  the  heat  removed  the  foul  air  from  the 
lower  parts  of  the  ship  to  the  fire  where  it  was  consumed. 

(2)  An  up-current  may  be  caused  by  gas  or  steam  jets  discharging  into 
the  exhaust  pipe  ;  or 

(3)  By  causing  the  exhaust  pipe  to  pass  inside  the  funnel  casing  of  steam 
vessels,  thus  heating  and  rarefying  the  outcoming  air ;  or 

(4)  By  fitting  its  outlet  with  a  mechanical  appliance  of  the  nature  of  an 
air-pump. 

(5)  Fan  blasts,  by  being  made  to  revolve  the  reverse  way,  may  be  made 
to  act  as  exhausts  in  outlets. 

Apparatus  acting  by  Propulsion. — These  consist  of  bellows,  pumps, 
punkahs,  rotatory  fans,  turbines,  and  other  appliances  for  inducing  air  cur- 
rents by  means  of  sprays  of  water,  &c. 

The  following  are  illustrations  of  some  of  the  methods  in  use  for  the 
ventilation  of  ships . 

Webb's  Plan.^ — This  is  chiefly  recommended  for  steamers,  but  on  other 
ships  the  necessary  heat  may  be  supplied  by  a  small  fire.  An  ordinary 
round  iron  pipe,  from  two  to  four  inches  in  diameter,  perforated  by  numerous 
openings,  is  led  fore  and  aft  under  the  main  deck  beams,  romid  each  cargo 
hold  and  through  the  coal  bunkers,  to  discharge  into  the  funnel  casing.  The 
perforations  are  made  only  in  those  parts  of  the  tube  which  are  in  the  places 

'  Fonssagrives. 

-  Ventilation  of  Merchant  Ships,  by  James  Webb,  Surveyor  to  Lloyd's.  Trans.  Inst. 
Naval  Architects,  1884. 
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to  be  ventilated.  Fresh  air  is  admitted  by  an  inlet  on  the  upper  deck,  of  the 
same  area  as  the  outlet  pipe,  and  is  conveyed  to  the  bottom  of  each  compart- 
ment. The  inlet  is  bell-mouthed,  and  is  guarded  by  a  ball-valve,  acting 
automatically. 

Boyle's  System. — This  consists  of  the  up-east  and  down-cast  ventilators 
acting  in  combination.  Fresh  air  is  introduced  by  down-cast  pipes  into  the 
lower  parts  of  the  vessel,  and  the  foul  air  is  withdrawn  by  exhausts  (air- 
pumps),  which  are  fixed  and  do  not  get  out  of  order.  The  objection  exists 
that  the  shafts  may  be  carried  away  by  heavy  seas,  &c.  The  fresh  air  may 
be  warmed  or  cooled  as  required  before  being  supplied  into  the  different 
compartments. 

Fan  Ventilators.— 'Wax\ovi&  rotatory  fans  are  in  use  for  purposes  of  ship 
ventilation.  Some  of  these  have  several  blades,  others  have  only  two.  One 
desideratum  of  these  appliances  is  that  they  shall  work  without  noise.  They 
may  be  made  to  act  either  as  air-propellers  or  exhausts.  In  the  larger  pas- 
senger ships  provided  with  them,  the  air  is  tempered  before  its  supply  to  the 
saloons,  &c.  Among  the  different  forms  of  air-propeller  are  the  Crossley 
(two  blades),  and  those  by  Blackman,  the  Union  Engineering  Co.,  &c. 

Hall's  Ejector  is  worked  by  steam,  air,  or  water,  causing  an  exhaust  of 
foul  air  from  the  part  of  the  ship  on  which  it  acts. 

The  foregoing  systems  are  undoubtedly  an  improvement  on  the  crude 
methods  of  introducing  currents  of  cold  fresh  air  from  the  outside,  to  the 
discomfort  of  the  persons  whose  apartments  they  entered,  leaving  the  foul 
air  to  find  its  way  out  as  best  it  could.  The  action  of  any  aspirator  will  be 
feeble  if  the  inlet  air  enters  with  difiiculty.  In  large  saloons  the  passage  of  air 
from  inlet  to  outlet  necessitates  considerable  force.  To  cause  a  steady  and 
gradual  removal  of  the  products  of  respiration  and  the  interchange  for  them  of 
fresh  respirable  air  from  the  outside,  extractive  and  propulsive  power  in  com- 
bination would  seem  to  be  necessary.  The  latter  must  be  so  provided  that 
though  ample  it  is  under  ready  control,  and  the  air  it  sets  in  motion  must  be 
diffused  gently  and  evenly  without  creating  perceptible  draught. 

Probably  the  most  effectual  ventilation  is  that  in  which  the  supply  of  air 
at  an  equable  temperature  is  regarded  as  the  primary  object  of  consideration, 
and  the  extraction  of  vitiated  air  (though  equally  important,  and  perhaps 
more  difficult  to  effect)  a  secondary  question.  The  outlets  and  their  exhausts 
should  be  adapted  to  the  inlets  and  supply  of  air  and  its  density,  tempera- 
ture, &c.,  and  both  should  be  proportioned  to  the  number  of  persons  or 
amount  of  combustion  consuming  the  air  of  the  apartment  to  be  ventilated. 
Among  other  desiderata  in  all  mechanical  appliances  for  this  object,  they 
should  be  automatic ;  they  should  also  work  without  noise,  and  without 
causing  perceptible  draught.  On  shipboard,  they  should  necessitate  no  long 
shafts  or  chimneys,  which,  if  carried  away  by  a  wave  or  the  wind,  would 
leave  openings  for  the  sea  to  rush  in  by.  None  of  the  methods  above  men- 
tioned appear  quite  to  meet  these  different  requirements. 

D.  G.  Green's  Method. — Compressed  air  (3  lb.  to  4  lb.  per  square  inch) 
is  employed  by  means  of  steam  power  to  induce  a  larger  air-current.  It  is 
claimed  by  the  patentees  that  every  cubic  foot  of  compressed  air  will  induce 
a  current  of  25  cubic  feet  of  ordinary  air  ;  according  to  this  the  amount  of 
fresh  air  to  be  delivered  is  capable  of  accurate  regulation.  The  compressed 
air  is  conveyed  by  small  iron  pipes  to  various  parts  of  the  ship,  and  is  de- 
livered in  the  centres  of  the  different  ventilating  tubes  by  means  of  patent 
automatic  air-nozzles,  the  force  of  the  air  issuing  through  which  induces 
the  required  current.  This  process  also  is  adaptable  both  for  exhaustion  and 
propulsion.     As  in  other  methods,  the  air  may  be  tempered  before  delivery. 
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The  movements  of  the  ship  at  sea  have  been  taken  advantage  of  by  inge- 
nious inventors  for  the  purposes  of  ventilation.  Fonssagrives^  describes  two 
such  methods  of  ventilation :  one  acting  by  the  rolling,  and  the  other  by 
the  pitching,  of  the  vessel.  The  first  of  these  is  that  of  Thiers,  of  New 
Orleans,  and  the  second  that  of  Eoddy,  of  New  York.  The  Thiers  plan 
has  been  applied  to  vessels  in  the  navy,  and  was  described  in  The  Times  of 
Nov.  9,  1872,  as  a  '  Ship  Ventilating  Bilge-pump.'  It  consists  of  two  verti- 
cal cylinders,  one  partly  filled  with  water  and  the  other  with  quicksilver,  on 
each  side  of  the  ship,  each  pair  being  connected  by  horizontal  tubes.  Bilge- 
water  pipes  from  the  limbers  lead  upward  and  over  the  side,  others  for 
ventilation  pass  from  the  bilge  to  the  upper  deck.  The  roll  of  the  ship 
causes  the  water  cylinders  alternately  to  fill  with  water  or  with  air,  the  latter 
being  drawn  from  below  by  the  vacuum  caused  by  the  water  leaving  the 
cylinder  on  one  side  for  that  on  the  other.  In  like  manner,  the  mercurial 
cylinders  alternately  fill  with  mercury  or  bilge-water.  As  the  vessel  rights 
herself,  the  air  or  water  pumped  from  below  discharges  from  the  respective 
outlet  pipes.     The  pipes  are  guarded  by  check-valves. 

The  Boddy  plan  is  similar  in  principle  to  the  foregoing,  but  has  the 
cylinders  placed  fore  and  aft  so  as  to  be  actuated  by  the  pitching  move- 
ment. 

Macdonald  2  quotes  Staff- Surgeon  Magill,  M.D.,  of  H.M.S.  '  Thetis,' to- 
show  that  the  Thiers  system  is  not  satisfactory  in  its  working,  and  that 
*  when  ventilation  is  most  required  it  is  altogether  inactive.'  It  is  in  principle 
the  same  as  that  of  Perkins's  Automatic  Ventilator,  invented  at  the  beginning 
of  the  century.  This  plan  utiHsed  both  the  pitch  and  roll  of  the  ship.  The 
illustration  (fig.  7)  is  taken  from  Macdonald's  '  Naval  Hygiene,'  where  the 
reader  will  find  quoted  a  description  by  Dr.  Finlayson,  E.N. 

Notwithstanding  the  eulogium  passed  on  this  apparatus  by  the  describer, 
it  will  be  obvious  that  any  system  of  ventilation  based  on  the  roll  or  pitch. 


Fig.  7. 


of  a  ship  must  fail  in  its  operation  when  the  vessel  is  at  anchor,  becalmed, 
or  moving  steadily.  For  several  other  varieties  of  special  systems  of  ventila- 
tion, and  remedial  measures  for  badly-ventilated  ships  as  applied  in  the 
Eoyal  Navy,  the  reader  is  referred  to  Dr.  Macdonald's  '  Naval  Hygiene.' 


TraiU  d'HygUne  Navale,  1877. 
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Accommodation  and  Space 

1.  For  Creio. — The  sailors'  remuneration  includes  housing,  such  as  it  is  ; 
and  he  does  not  look  for  much  in  this  respect. 

In  British  merchant  ships  the  crew  are  generally  housed  in  the  top-gallant- 
or  lower-forecastles  respectively  of  the  larger  or  smaller  vessels.  In  many 
foreign  traders,  even  schooners,  and  in  some  Enghsh  steamers  and  sailing 
ships  of  good  class,  the  men  are  quartered  amidships.  Occasionally  in 
cattle  ships,  &c.,  built  within  the  last  few  years,  the  lower-forecastle  is 
in  the  after  part  of  the  ship  beneath  the  poop-deck,  and  the  of&cers'  rooms 
are  amidships.  The  firemen  of  steamships  are  usually  placed  at  one  side 
of  a  top-gallant-forecastle,  and  the  crew  at  the  other,  with  a  division 
between.  Sometimes  the  former  have  their  accommodation  near  their 
work,  opening  into  the  engine-room,  &c.  From  a  hygienic  standpoint, 
deck-houses  or  other  accommodation  amidships  is  the  best,  as  in  this 
position  light,  aeration,  dryness,  and  general  comfort  are  best  secured.  In 
lower-forecastles,  in  addition  to  many  insanitary  drawbacks,  one  great  objec- 
tion is  the  difficulty  of  access.  In  some  of  the  worst  cases  the  hatch  is  perhaps 
about  two-and-a-half  feet  square,  and  the  only  steps  are  narrow  pieces  of  wood 
nailed  against  the  bulkhead,  affording  an  insecure  footing,  and  such  as  a  sick 
man  cannot  ascend  by.  The  removal  of  a  case  of  enteric  fever  in  the  hori- 
zontal position  from  such  a  place  is,  of  course,  impossible  ;  and  hauling  the 
patient  up  by  his  arms  is  very  dangerous.  There  can  be  no  justification  for 
continuance  of  lower-forecastles,  as  the  masters  of  small  vessels  with  deck- 
houses say  that  these  cause  no  difflculty  in  the  management  of  the  ship. 

The  following  illustrations  (figs.  8  to  18)  show  the  accommodation  pro- 

Net    fishing    boat 
"perseverance" 

of  buckhaven. 

id  tons  register.— 7  hands. 

Height  5'  4" 


Cabin  of  ketch  phcenix" 
30  toms  register.-2  hands 

After  end 


s/s  Line  fishing  boat 

"lizzie"  OF    Leith. 

Height  6'  2" 


Fore  end 

no  ventilation  except 
by  hatoiway  height  4'  6" 

Fig.  8. 


Engine  room 


When  the  hatch  is  closed,  the 
only  ventilation  is  by  the  en- 
gine room  skylight. 


Fig.  9. 


STOVE 

H  qj-  D 

Fore  cabin  or  "deck!' 


Fig.  10. 


^dded  on  different  kinds  of  vessel.  Figs.  8  to  11  sufficiently  explain  them- 
selves. Fig.  12  represents  part  of  the  forecastle  of  a  barge,  below  deck, 
the  approach  to  which  is  by  a  companion,  covered  by  a  scuttle.  The  'bunks ' 
or  sleeping-places  are  boxes,  each  6  ft.  11  in.  in  length,  and  having  an 
opening  in  the  side  near  the  middle  2  ft.  x  1  foot  11  in.  The  remainder 
of  the  interior  of  the  bunks  (length  4  ft.  11  in.)  is  therefore  in  deep  shadow, 
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and  the  head  of  the  sleeper  is  in  a  deep  recess.  The  ventilation  of  such 
a  bunk — if  it  be  ventilation — is  necessarily  very  bad  indeed.  Fortunately, 
•examples  of  this  kind  are  not,  in  the  writer's  experience,  frequent. 


MAST 


PAUL-BITT 


-SCUTTLE 


<-— 3'  9-'- — X- 


Fig.  11. 


Fig.  13  is  the  ordinary  top-gallant-forecastle  of  a  sailing  barque.     The 
privies  are  represented  in  their  usual  situation,  abutting  on  the  bulkhead 


Fic.  12. 

of   the    forecastle.      The   doorv>^ays   both   of  privies  and   crew-spaces   are 
badly  placed. 

Fig.  14  shows  the  quarters  of  the  sailors  and  firemen  of  a  modern  flush- 
deck  screw  steamer,  built  by  Messrs.  John  Blumer  &  Sons,  Sunderland. 
Ten  seamen  sleep  in  five  double  tiers  of  beds,  the  cook  and  boy  having  a 
separate  berth,  all  on  the  same  side  of  the  ship.  On  the  other  side  are  the 
quarters  of  ten  firemen,  the  carpenter  and  boatswain,  the  two  latter  having 
a  separate  berth.  The  water-closet  and  offensive  stores  are  on  the  upper 
deck,  out  of  the  way  of  the  men's  quarters.     The  ventilation  is  effected  by  six 
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ports  (three  on  each  side)  and  two  deck  ventilators.  T]ie  officers'  quarters  on 
this  and  the  following  plan  will  be  referred  to  later. 

Fig.  15  represents  the  usual  accommodation  on  ;<,  well-decked  steam- 
vessel,  the  men  being  housed  as  in  the  last  instance.  The  water-closets 
are  on  the  same  deck  as  the  crew-space,  separated  from  it  by  storerooms. 

Fig.  16.  Here  the  men's  quarters  of  a  well-decked  steamer  are  placed 
amidships  (beneath  the  bridge),  with  good  arrangemetic  for  light  and  ventila- 
tion.    The  closets  are  well  forward. 

Fig.  17  is  a  plan  of  the  best  seamen's  quarters  on  any  vessel  known  to 
the  writer,  viz.  that  of  the  iron  sailing  barque  '  Inchgreen,'  built  in 
Greenock  in  1876  by  Messrs.  Caird  &  Co.,  and  having  a  complement  of 
twenty-one  hands  all  told.  This  vessel  was  specially  constructed  for  the 
merchant  service.  The  sailors  are  quartered  in  an  iron  house  amidships. 
Each    man    has   a    separate    berth    to  himself,    slr^o    of    iron,    measuring 


i|— Crew  spac^  I9'2"long|, — 

'  -     "    J  ' 

»^~4     8--5>) 


CHAIN     CABLES 


Bulkhead  with  sliding   ports   at   upper   par- 


O    i 


Fig.  13. 


6  ft.  1^  in.  X  5  ft.  1  in.  x  6  ft.  2  in.  in  height  (more  than  double  the 
space  required  by  law).  The  berth  is  lined  with  cork,  and  painted  white, 
and  has  a  port  and  a  louvred  ventilator,  15  in.  x  16  in.  in  measurement,  in 
the  door.  Beneath  the  bunk  is  a  chest  of  three  dv;i  wers.  There  is  also  a 
washing-basin  with  can,  a  seat,  and  a  shelf  in  each  berth.  The  berths  open 
into  a  cheerful  saloon,  containing  a  stove  and  a  sideboard,  and  having 
hinged  skylights  with  roof.  These  looked  very  comfoiDable,  and  were  quite 
clean. 

This  is  believed  to  be  the  only  sailing  vessel  of  the  kind.  The  captain 
finds  the  crew  like  their  accommodation,  and  remain  w  ell  with  him. 

Another,  among  other  vessels  affording  excellent  m-c.mmodation,  may  be 
mentioned  the  four-masted  barque  'Loch  Torridon.'  2,000  tons  register, 
with  thirty-three  hands  all  told,  including  four  apprentices.  The  crew  of 
twenty-one  men  live  in  a  deck-house  amidships,  7  ft.  11  in.  high,  with  sky- 
light and  eight  ports.  The  bunks  are  several  inches  clear  of  the  side  of  the 
house  (a  great  advantage). 

The  deck-houses  of  some  foreign  timber  ships  coining  to  the  Tyne  offer 
good  examples  of  accommodation,  having  sliding  doors  on  each  side,  ample 
ventilation,  and  good  skylights,  &c.  The  Danish  h\y  requires  deck-houses 
to  be  at  least  6  ft.  in  height. 

The  average  accommodation  for  the  crews  of  sJii^js  is  poor  enough.  In 
the  older  vessels  it  is  in  the  majority  of  cases  bad,  mid   often  very  bad.     In 


From  Board  of  Trade  Instncctions,  189'2,  Appn  dix  C. 
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the  Scotch  herring  boats  the  forecastle  (or  '  deck  '  as  it  is  called),  is  separated 
from  the  hold  in  which  the  fish  are  stored  by  a  sliding  door  only.  This 
apartment,  which  is  occupied  by  the  entire  crew  of  seven  hands,  is  also  the 
galley.     It  is  often  very  dirty. 
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Designed   by  John  blumer  &.  SONS, 
Shipbuilders,  SUNDERLAND. 


Fig.  16. 

A  redeeming  feature  in  boats  of  this  kind  is  the  mast-hole,  an  opening 
about  6  ft.  long  by  1  foot  in  breadth,  for  the  mast  to  be  in  when  lowered. 
During  fishing,  when  the  mast  is  raised,  this  space  is  left  open  to  the 
interior  of  the  '  deck  '  in  which  the  crew  stay. 


—  43'  2"- — 
Fig.  17. 

A  favourable  contrast  from  these  boats  is  afforded  by  some  of  the  Shields 
screw-steamer  '  line  '  boats,  the  cabins  of  which  are  sometimes  very  clean, 
tidy,  airyj  and  comfortable. 

In  some  of  the  river  craft  on  the  Tyne  (towing  wherries,  &c.)  the  crew- 
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space  is  a  lower  cabin  known  locally  as  tiie  '  huddock.'     It  is  used  for  meals 
and  shelter,  but  not  for  sleeping  in. 

The  contents  of  crew-spaces  are  (1)  proper  and  (2)  improper.  The 
first  includes  commonly  the  hammocks  or  bunks  and  bedding,  lockers, 
chests,  table,  stove  and  lamp.  The  articles  which  should  not  be,  but 
often  are  found  in  forecastles,  may  include  all  the  different  materials  and 
implements  on  board  which  it  is  possible  to  stow  away  there,  such  as  sails, 
cordage,  spare  blocks,  buckets,  cans,  brushes,  tar,  paints,  oil,  paraffin,  wet 
clothes,  mouldy  boots,  &c.,  and  (in  the  '  weekly  boats  '  previously  referred  to) 
provisions.  All  of  these  occupy  space  illegally,  and  to  the  privation  of  the 
crew,  and  many  of  them  pollute  the  air  to  a  serious  degree. 

The  principal  defects  of  sailors'  quarters  are  insufficient  height,  light, 
ventilation,  means  of  warming;  protection  from  effluvia  of  cargo  or  bilge- 
water,  improper  storage,  and  overcrowding.  The  latter  may  naturally  be 
considered  in  relation  to  the  subject  of  accommodation. 

The  amount  of  space  required  by  law^  for  each  seaman  is  72  cubic  ft., 
including  12  square  ft.  of  floor  space.  The  Local  Government  Board  and 
Port  Sanitary  Authorities  have  not  the  power  to  regulate  matters  of  over- 
crowding afloat,  which  are  relegated  to  the  Board  of  Trade  and  their  in- 
spectors. The  foregoing  regulation  is  much  in  need  of  revision.  The 
accommodation  is  too  little,  even  in  the  estimation  of  the  owners,  who  very 
rarely  crowd  the  seamen  up  to  its  limits.  The  law  requires  that  the 
number  of  seamen  to  be  accommodated  shall  be  cut  on  the  beam  in  the 
inside  of  the  crew- space.  Frequently  the  crew-space  is  certified  to  hold 
double  the  number  of  men  housed  in  it.  In  an  instance  known  to  the 
writer,  that  of  a  brig  with  seven  hands  '  aU  told,'  the  crew- space,  certified  to 
accommodate  twelve  seamen,  contained  four  hammocks  only. 

Enlarging  the  crew-space  means  reducing  the  dues  (harbour,  light,  &c.),. 
as  these  are  charged  on  registered  tonnage,  which  is  determined  by  space 
other  than  crew-space,  the  latter  being  deducted.  Hence  it  is  to  the 
interest  of  owners  to  give  liberal  accommodation  for  their  crews.  In 
factories,  though  it  is  not  absolutely  laid  down  by  law,  yet  it  is  well  under- 
stood that  the  amount  of  space  to  each  workman  should  not  be  less  than 
250  cubic  f  c."  In  forecastles,  &c.,  where  seamen  have  to  sleep,  it  is  neces- 
sary that  the  cubic  space  should  be  at  least  as  ample  as  for  workshops. 

In  the  larger  ships  the  tendency  at  present  is  rather  to  under-manning 
than  to  over-crowding,  as  defined  by  law. 

In  canal  boats  and  small  craft  there  is  often  more  deficiency  of  cubic 
space  for  the  men  than  in  larger  vessels,  though  probably  this  also  is  not 
now  so  prevalent  as  formerly.  Blyth^  quotes  Sir  Charles  Cameron,  who 
mentions  the  cabin  of  one  canal  boat  as  containing  183^  cubic  feet  for  three 
occupants,  or  61  cubic  feet  each.  Leach  also  gives  evidence  of  the  over- 
crowding of  barges,  &c.  Some  of  the  small  foreign  vessels  coming  to  this 
country  with  fruit,  &c.,  are  frequently  overcrowded  with  men  engaged  to 
sell  the  cargo.  Thus  during  1888  a  small  vessel  of  five  hands  came  to  the 
Tyne  with  onions  carrying  nineteen  '  passengers  '  (to  hawk  the  cargo  in  the 
streets),  who  appear  to  have  slept  in  the  hold,  there  being  no  other  place  for 
them  on  board. 

In  the  Board  of  Trade  Instructions  to  Surveyors  as  to  crew-spaces,  &c., 
it  is  distinctly  laid  down  that  the  Merchant  Shipping  Act  of  1867  is  not 
intended  to  regulate  or  interfere  with  the  manning  of  vessels  or  amount  of 

'  Merchant  Shipping  Act,  1867.  ^  Eedgrave's  Factory  Acts. 

^  Diet,  of  Hygiene. 
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accommodation,  v/hich  are  left  to  the  owners  and  their  crews  to  settle. 
The  tonnage  of  space  deducted  has  not  to  settle  the  number  of  hands  to  be 
carried.  Notwithstanding  these  provisions,  it  is  obvious  that  any  attempt 
to  reduce  overcrowding  on  shipboard  which  does  not  exceed  the  '  accommo- 
dation '  certified  to  by  the  Board  of  Trade  must  be  very  difficult. 

It  appears  to  be  generally  understood  on  shipboard  that  the  Rules  of 
the  Board  of  Trade,  as  to  '  accommodation,'  are  to  be  the  standard  regu- 
lating the  amount  of  cubic  space  which  is  to  be  considered  overcrowding 
or  otherwise,  and  this  standard  is  held  as  applying  alike  to  officers  and 
men. 

Under  the  '  Passengers  Act '  ^  all  passenger  ships  are  to  be  surveyed. 
The  amount  of  deck  space  required  is,  for  each  adult  on  the  upper  passenger 
deck,  &c.,  not  less  than  fifteen,  and  on  the  lower  passenger  deck  eighteen 
square  feet.  If  the  height  between  the  latter  deck  and  that  above  it  be  less 
than  seven  feet,  or  if  the  means  of  lighting  and  ventilation  are  below 
a  specified  standard,  the  minimum  amount  of  floor  space  per  adult  is 
twenty-five  square  feet.  No  ship  is  allowed  to  carry  '  a  greater  number 
of  passengers  on  the  whole  than  in  the  proportion  of  one  statute  adult 
to  every  five  superficial  feet,  clear  for  exercise,  on  the  upper  deck  or 
poop,  &c.' 

The  height  between  any  deck  on  which  passengers  are  carried  and  that 
above  it  shall  not  be  less  than  six  feet,  under  a  penalty  not  exceeding  501. 

There  shall  not  be  more  than  two  tiers  of  berths  on  any  one  deck,  and 
the  interval  between  each  tier,  and  between  the  uppermost  tier  and  the  deck 
above  it,  shall  not  be  less  than  two  feet  six  inches. 

Hospital  accommodation  in  the  proportion  of  not  less  than  eighteen  clear 
superficial  feet  for  every  fifty  passengers  must  be  provided.  The  lighting 
and  ventilation  must  be  such  '  as  the  circumstances  of  the  case  may,  in  the 
judgment  of  the  Emigration  Officer  at  the  port  of  clearance,  require.' 

The  sleeping  accommodation  of  the  seaman  is  either  a  hammock  or  a 
bunk.  The  latter  is  a  square  tray  with  deep  sides,  sometimes  (as  in  fig.  12) 
very  much  enclosed.  Hammocks  are  much  to  be  preferred  to  bunks  as 
regards  the  space  they  occupy,  cleanliness,  comfort,  vermin,  and  ventilation. 

Deainage,  Conveniences,  Cleansing,  &c. 

Iron  upper  decks  are  drained  by  means  of  scuppers  and  wash  ports  at 
the  side,  discharging  through  the  bulwarks.  The  surface  of  the  deck  is 
'  cropped,'  i.e.  curved  with  the  convexity  upwards,  to  the  extent  of  a  quarter 
of  an  inch  per  foot  of  breadth  of  the  vessel,  to  cause  flow  toward  the  sides. 
Iron  ships  with  wooden  decks  have  waterways  at  the  sides  from  twelve  to 
eighteen  inches  wide.  Lower  decks  are  also  cropped.  They  are  drained  by 
scuppers  leading  down  to  the  bilges.  Leakage  through  the  seams  of  the 
outer  skin  of  the  ship  flows  also  to  the  bilges.  From  the  bilges  the  drainage 
flows  to  the  limbers  and  thence  to  the  well  or  sink,  where  it  is  pumped 
overboard  from  time  to  time.  Flatness  of  the  bilges  causes  lodgment  of 
filth  and  the  evolution  of  foul  gases.  This  defect,  as  pointed  out  by 
Macdonald,  is  common  in  modern  ships,  and  leads  to  accumulation  of 
stagnant  foul  liquid  (bilge- water).  Authorities  agree  as  to  the  great  danger 
to  health  from  this  defect.  The  pumps  should  be  capable  of  clearing  out 
all  of  the  bilge- water.  In  the  limbers  deposit  is  prevented  by  chains  (limber 
chains)  arranged  so  as  to  work  in  the  length  of  the  limbers,  and  stir  up  any 

'  See  Board  of  Trade  Notice  to  Passengers. 
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dirt  lodged  there,  wliicli  should  never  be  allowed  to  remam  for  any  length 
of  time.  It  is  well  known  that  neglect  of  this  sanitary  precaution  has  led 
to  serious  outbreaks  of  disease. 

Macdonald  recommends  that  the  bilge  floors  on  either  side  of  the  keel- 
son should  be  made  perfectly  smooth,  and  cemented,  lacquered,  or  tiled,  with 
sufficient  incline,  from  both  ends  of  the  vessel,  to  the  well.  It  is  desirable 
to  cleanse  and  thoroughly  dry  the  bilges  from  time  to  time.  The  drainage 
arrangements  of  ships  are  similar  to  those  of  old-fashioned  houses  with  cess- 
pools in  the  basement,  a  sanitary  defect  on  shore  now  absolutely  condemned. 
The  modern  principles  of  house  drainage,  viz.  disconnection  from  the  sewer 
and  free  ventilation  from  end  to  end  of  private  pipes,  are,  however,  scarcely 
in  their  entirety  applicable  to  ships. 

The  conveniences  met  with  on  shipboard  are  water-closets  of  different 
kinds  and  pail  closets.  In  the  better  class  of  vessels,  passenger  ships,  &c.,, 
the  water-closets  are  generally  of  good  form,  and  placed  in  good  situations. 
They  are  also  provided  with  cisterns  and  suitable  arrangements  for  flushing. 
In  the  majority  of  ships,  however,  the  water-closets,  especially  those  for  the 
crews,  are  in  objectionable  positions,  frequently  being  placed  close  to  cabins 
or  crew-spaces  {see  fig.  13).  Fig.  18  is  an  example  of  a  faulty  arrangement 
of  the  convenience  on  a  small  screw  steamer.  The  water-closet  is  shown 
at  the  bottom  of  the  companion  and  exactly  opposite  to  the  door  of  the 
master's  cabin.     It  abuts  on  the  jpantry. 

The  sailors'  water-closets  are  generally  flushed  by  hand-pump  and  hose- 
pipe, or  by  means  of  a  bucketful  of  water  thrown  in  by  hand.  In  the  latter 
case  the  closets  are  often  very  dirty. 

One  of  the  most  curious  and  ingenious  forms  of  water-closet  afloat 
known  to  the  writer  is  one  noted  on  board  the  new  s.s.  line  fishing  boat 
'  George  Baird,'  of  North  Shields.  This  closet  is  about  eight  or  nine  feet 
below  deck,  and  below  water-level.  The  flush-water  is  drawn  directly  from 
the  sea  by  the  user  of  the  closet  pulling  the  handle  of  a  pump  at  his  right 
side.  The  contents  of  the  basin  are  discharged  by  a  valve  actuated  by  a 
handle  near  his  left  hand.  The  basin  may  be  flushed  with  any  quantity 
of  sea  water.  Owing  to  the  difficulty  of  the  approach  (a  vertical  plank 
with  holes  cut  in  it  for  the  feet  and  hands),  this  closet  is  not  so  freely  used 
as  its  sanitary  qualifications  entitle  it  to  be. 

The  soil-pipes  of  ship  water-closets  sometimes  discharge  through  the 
bulwarks,  or  near  the  top  of  the  covering  board,  which  closes  in  the  upper 
border  of  the  two  '  skins '  of  the  ship.  Either  method  is  objectionable  when 
the  soil-pipe  is  not  carried  down  so  as  to  discharge  at  a  proper  distance  from 
the  deck  and  out  of  sight.  In  the  latter  case  there  is  risk  of  leakage  into  the 
space  between  the  '  skins.' 

The  best  position  for  a  closet  is  in  the  after  part  of  the  ship,  so  that  the 
soil-pipe  may  shoot  over  or  through  the  counter  near  the  rudder- trunk. 
The  lower  end  of  the  soil-pipe  should  be  protected  by  a  storm-valve  closing 
against  pressure  from  the  outside,  so  as  to  prevent  flooding. 

As  a  rule,  the  ventilation  of  water-closets  and  privies  on  shipboard  is 
defective. 

On  some  schooners,  &c.,  the  dry  pail  is  the  only  form  of  convenience  in 
use.  Small  French  ships  (and  English  ones  also)  have  often  no  proper 
closet  on  board,  the  men  using  buckets  placed  behind  canvas  screens,  or 
defsecating  from  the  bow  of  the  ship  straight  into  the  sea. 

The  bulkheads  between  closets  and  the  sailors'  quarters  are  not  always 
sufficient  to  prevent  nuisance  in  the  latter. 

The  proportion  of  privies  on  passenger  ships  required  by  the  Board  of 
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Trade  is  at  the  rate  of  two  for  twenty  of  crew.^  No  passenger  ship  is  allowed 
to  clear  out  unless  fitted  with  at  least  two  privies,  and  with  two  additional 
privies  for  every  hundred  passengers.  Special  convenience  for  female  pas- 
sengers is  also  required.^  Fore-cabin  and  deck  passengers  in  home-trade 
ships  are  to  have  closets  in  the  ratio  of  three  for  every  200  such  passen- 
gers, '  and  a  fair  proportion  must  be  allotted  to  the  sole  use  of  women  and 
children.'^ 

It  is  the  business  of  the  surveyor  of  the  Board  of  Trade  to  see  to  the 
various  details  necessary  for  the  proper  drainage  and  cleansing  of  merchant 
ships,  and  specific  instructions  and  information  are  given  for  him  to  act  on. 
Some  of  these  are  not  such  as  would  receive  the  approval  of  medical  officers 
of  health. 
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Fig.  18. 

The  unclean  state  of  ships,  especially  those  of  small  size,  is  very  common, 
not  only  in  parts  out  of  sight,  but  on  deck,  holds,  forecastles,  cabins,  &c. 
The  habits  and  customs  of  the  merchant  seaman,  and  his  apphances  for 
removing  dirt,  Eire  not  such  as  to  promote  general  cleanliness  either  in  him- 
self or  his  surroundings.'*     Turner  says  the  forecastle  in  merchant  vessels 

*  Board  of  Trade  Instructions  as  to  Survey,  Sec.  55. 
^  Notice  to  Passengers,  Sec.  25. 

*  Boardof  Trade  Instructions  as  to  Survey,  ^ec.  13. 

*  Buck's  Hygiene.    Art.  •  Hygiene  of  the  Naval  and  Merchant  Marine.' 
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*  beggars  description  for  overcrowding,  want  of  ventilation,  and  filth.  The 
bunks  are  harbours  for  vermin  ;  unaired  bedding,  wet  clothes,  and  all  manner 
of  dirt  find  a  resting-place  in  the  forecastle.  .  .  .  Every  writer  upon  marine 
hygiene  bears  testimony  to  the  loathsomeness  of  this  pen.'  A  most  vivid 
description  of  this  part  of  the  ship  is  given  by  Mr.  W.  S.  Lindsay,  M.P.,^ 
who  testifies  from  personal  experience  as  a  cabin  boy  to  its  wretched  and  foul 
condition  in  years  gone  by.  Matters  have  not  improved  much  in  these 
respects  during  the  past  twenty  or  thirty  years.  There  are  certainly  many 
forecastles  in  a  creditable  or  very  clean  state,  but  these  are  the  exception 
and  not  the  rule.  Water-closets,  holds,  and  decks  are  also  apt  to  be  dirty — 
the  first  in  trading  ships  of  any  sort — the  two  latter  in  case  of  special 
cargoes,  &c.  Cattle  ships  afford  examples  of  the  filthiest  vessels  to  be  found. 
Imagine  the  condition  of  such  a  ship  coming  from  New  York  to  London,  with 
from  six  to  eight  hundred  head  of  cattle  on  the  hurricane,  upper  and  main 
decks,  the  dung  from  which  remains  on  board  throughout  the  passage  of 
about  a  fortnight's  duration,  and  until  after  the  vessel  discharges  the  live 
stock  part  of  her  cargo  and  steams  out  of  the  Thames  !  The  decks  are 
generally  covered  over  with  planks  to  afford  foothold  to  the  quadrupeds,  and 
beneath  these  planks  much  of  the  droppings  collects.  The  cattle  are  bedded 
with  hay  or  straw,  and  stand  with  their  tails  to  the  ship's  side.  There  should 
be  several  large  port-holes  for  discharging  the  litter  by,  as  well  as  other 
structural  arrangements  to  allow  of  this  being  done  daily  whilst  the  live  stock 
are  on  board. 

Next  to  cattle  boats  for  general  filthiness  come  fishing  boats.  It  is  cus- 
tomary to  wash  out  the  holds  of  these  vessels  after  each  '  take,'  but  the 
'  decks  '  or  cabins  are  not  cleansed  after  many  '  takes.'  Filth  collects 
under  the  bunks,  the  cost  of  paint  is  a  serious  consideration,  and  the  use  of 
limewash,  so  far  as  the  writer  is  aware,  is  not  practised.  The  stink  of  the 
bilges  of  fishing  boats,  when  neglected,  is  something  horrible. 

Some  barges  are  kept  very  clean,  and  their  cabins  are  often  very  tidy  and 
comfortable,  even  when  carrying  dirty  cargoes.  Norwegian  and  German 
merchant  ships  are,  as  a  rule,  much  cleaner  than  the  French,  Spanish,  or 
Kussian.  Excellent  examples  of  clean,  well-kept  ships  are  afforded  by  the 
Dutch  East  Indiamen,  some  of  which  visit  the  Tyne.  Merchant  ships,  as 
may  be  supposed,  are  not  kept  so  clean  as  those  of  the  Koyal  Navy,  which 
it  is  the  duty  of  the  captains — as  laid  down  in  Article  499 — to  see  strictly  to, 
and  to  cause  the  holds  to  be  whitewashed  every  six  months  or  oftener  if 
necessary. 

In  the  Eoyal  Navy  the  decks  are  cleaned  by  holystoning  (wet  or  dry), 
and  in  the  berth-deck  by  scraping  and  scrubbing  with  hot  water,  wetting 
only  a  small  portion  at  a  time  and  drying  thoroughly.  The  two  former 
methods  are  open  to  objection  in  the  inhabited  parts  of  the  ship,  one  from 
filling  the  air  with  dust,  the  other  from  loading  it  with  vapour.  The  last- 
mentioned  method  is,  however,  spoken  of  with  favour  by  Dr.  Wilson,  of  the 
United  States  Navy.^ 

There  appears  to  be  a  general  consensus  of  opinion  against  flushing  out 
the  bilges  with  sea-water.  Pumping  these  places  well  out,  and  drying  them 
as  thoroughly  as  possible,  is  always  preferable.  The  use  of  antiseptics  and 
deodorants,  notwithstanding  their  efficacy  in  preventing  foul  smells  and  the 
evolution  of  noxious  gases,  should  never  be  relied  on  to  the  exclusion  of  the 
frequent  and  complete  removal  overboard  of  the  bilge  water  itself. 

•  History  of  Merchant  Shipping  and  Ancient  Commerce,  vol.  ii.  p.  497.   London,  1874. 
"  Naval  Hygiene. 
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Humidity  on  shipboard  is  an  acknowledged  serious  evil.  It  may  come 
from  leaking  sides  or  decks,  or  from  the  shipping  of  seas  and  accumulation 
of  water  in  the  hold,  &c.,  or  may  be  due  to  the  washing  of  the  decks.  To 
keep  the  vessel  dry,  decks  and  planks  must  be  thoroughly  caulked,  the  plank- 
ing above  water  must  be  well  coated  with  paint,  and  the  means  of  drainage 
already  described  must  be  efficient.  With  the  view  of  rendering  wooden 
decks  waterproof  they  are  sometimes  oiled  or  varnished. 

Iron  ships  are  subject  to  humidity  from  a  cause  not  in  operation  on 
wooden  vessels,  viz.  the  condensation  of  vapour  against  the  metallic  plates. 
This  acts  to  a  degree  which  would  scarcely  be  credited.  The  walls  and 
■ceilings  of  forecastles  and  officers'  quarters,  where  constructed  of  iron  merely 
painted,  drip  with  wet,  and  are  often  quite  uninhabitable.  The  remedy  is  to 
line  the  metal  plates  with  wood  or  cork.  The  latter  is  frequently  applied  in 
the  form  of  rough  granules  to  the  surface  of  wet  paint  laid  on  the  iron.  An 
•objection  to  the  former  plan  is  that  vermin  breed  behind  the  woodwork. 

Temperature  and  Lighting 

The  temperature  of  the  ship,  apart  from  considerations  of  climate,  depends 
principally  on  (1)  whether  or  not  the  vessel  is  propelled  by  steam  ;  (2) 
whether  or  not  she  is  constructed  of  metal ;  and  (3)  her  cargo. 

Steam  vessels,  from  the  large  amount  of  coal  consumed,  attain  a  much 
higher  temperature  than  wooden  ships.  This  extra  heat  is,  of  course, 
greatest  in  the  neighbourhood  of  the  furnaces ;  it  may  also,  of  course,  be 
conveyed  by  steam  pipes  to  various  compartments  and  serve  as  a  means  of 
artificial  warming.  The  parts  of  steam  vessels  where  the  heat  is  most  exces- 
sive are  the  stokeholes  and  engine  rooms.  Mahe  ^  quotes  Admiral  Paris  to 
show  that  in  the  former,  between  two  sets  of  furnaces,  the  temperature 
sometimes  reaches  60°  C,  and  in  the  Eed  Sea  even  65°  C.  De  Mericourt 
states  that  with  a  temperature  of  95°  F.  in  the  shade,  temperatures  of  158°  F. 
and  167°  F.  have  been  registered  in  the  stokehole.^ 

Where  temperatures  such  as  these  are  recorded  they  are  probably  due  to 
the  fact  that  the  ventilating  cowls  are  wanting  or  insufficient.  The  writer 
is  assured  by  a  superintending  engineer  of  merchant  shipping  of  great 
experience,  that  in  hot  climates  the  stokehole  is  sometimes,  from  its  depth 
below  water  and  from  the  currents  of  air  which  are  brought  down  to  it  by 
the  air-shafts,  the  coolest  part  of  the  ship.  If  suitable  provision  for  the 
admission  of  fresh  air  to  the  stokehole  is  not  made,  the  fires  will  not  burn 
properly.  It  is,  therefore,  to  the  interest  of  the  owner  to  make  such  struc- 
tural arrangements  as  are  necessary  to  facilitate  the  removal  of  warm  foul 
air  and  the  influx  of  cool  fresh  air  from  above. 

The  engine-room,  especially  when  the  skylights  are  down,  becomes  very 
hot.  The  quarters  of  the  firemen  sometimes  open  into  this  room,  and  are 
unhealthy  from  high  temperature.  The  evil  effects  on  the  hearts  of  stokers 
from  working  under  continued  heat  from  the  fires  is  referred  to  by  several 
writers.  They  will  be  referred  to  under  the  head  of  '  Health  and  Disease,' 
(p.  574,  &c.). 

The  hold  of  sailing  ships  is  frequently  warmer  than  the  other  parts  of  the 
vessel.  This  is  partly  accounted  for  by  its  depth  and  consequent  distance 
from  the  influence  of  the  external  air ;  but  more  commonly  this  increase  of 
temperature  depends  on  the  cargo.     Coal,  sugar,  grain,  lime,  and  many  other 

'  Manuel  Pratique  d'HygUne  Navale. 

^  Turner  (Buck's  Hygiene)  gives  instances  of  still  higher  temperatures  (181°  and 
198°  F.). 
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cargoes,  are  apt  to  undergo  various  chemical  changes  attended  with  the 
evolution  of  much  heat.  Cotton  waste,  if  greasy  and  under  pressure,  in 
the  absence  of  free  aeration,  may  be  subject  to  spontaneous  combustion. 

Occasionally  cargoes  are  shipped  whilst  sensibly  hot.  For  example,  this 
has  happened  to  the  knowledge  of  the  writer  in  a  small  vessel  laden  with 
briquettes  of  compressed  fuel,  which  gave  off  both  heat  and  the  vapour  of  tar. 

The  temperature  of  the  holds  of  steamships  is  raised  by  blowing  out  the 
hot-water  of  the  boilers  into  the  bilges. 

The  obvious  remedy  for  the  over-heating  of  stokeholes  is  the  copious 
admission  of  air  from  above  deck  by  ventilating  shafts,  with  cowls  trimmed 
to  the  wind.  Where  these  are  not  admissible,  as  on  torpedo  boats  and  other 
war  vessels,  the  furnaces  and,  with  them  the  stokeholes,  are  supplied  with 
air  by  fan  blasts. 

In  tropical  climates  h'on  decks  and  all  parts  exposed  to  the  direct  action 
of  the  sun's  rays  become  exceedingly  hot,  and  this  heat,  by  conduction, 
&c.,  is  imparted  to  the  interior  of  the  ship.  Much  of  the  discomfort  arising 
therefrom  may  be  reduced  by  the  use  of  light-coloured,  and  especially 
white  xDaint,  which  less  readily  absorbs  the  sun's  rays.  Iron  ships  are 
hable  to  extreme  variations  of  temperature  (Bourel-Ronciere).  In  high 
latitudes  they  become  much  colder  than  wooden  vessels.  Wilson  records  the 
coating  of  the  walls,  &c.,  of  crew-spaces  with  ice  from  the  fr-eezing  of  the 
condensed  vapour,  which  he  considers  to  be  as  a  serious  cause  of  ill-health 
of  seamen. 

The  different  compartments  of  ships  are  warmed  artificially  by  fire-places, 
stoves,  steam-heaters,  &c.  In  the  forecastles  of  merchant  vessels  there  is 
generally  a  '  bogey,'  or  small  stove.  This  is  rarely  absent  in  British  vessels, 
but  is  said  to  be  less  common  in  the  crew-spaces  of  the  French  mercantile 
marine.  Under  certain  circumstances,  the  warming  of  crew-spaces  by  means 
of  steam-pipes  is  resorted  to.  So  far  as  is  known  to  the  writer,  there  is  no 
provision  under  the  English  law  for  the  warming  of  crew-spaces,  &c. 

The  lighting  of  the  quarters  for  officers  by  day  is  generally  fairly  good. 
That  for  passengers  on  emigrant  ships,  and  for  crews,  is  often  deficient,  and 
in  lower-forecastles  is  usually  bad.  In  top-gallant-forecastles  the  lighting  is 
effected  by  ports  and  side-  or  deck-lights.  The  latter  consist  of  prisms  of 
glass,  which  do  not  allow  much  light  to  pass  through.  In  some  small  vessels- 
the  only  light  in  the  lower-forecastle  is  that  admitted  by  the  hatchway,  con- 
sequently the  greater  part  of  the  crew-space  is  buried  in  obscurity  so  dense 
that,  on  first  entering  it,  the  visitor  is  unable  to  distinguish  one  object  from 
another.  Even  in  steamships  the  crew-spaces  are  sometimes  so  dark  as  ta 
necessitate  the  use  of  a  lamp  in  the  daytime.  The  reading  of  '  ordinary 
print,'  in  any  part  of  the  crew-space  is  recommended  to  surveyors  under  the 
Board  of  Trade  as  the  criterion  of  sufficiency  of  light  admitted.  By  night, 
the  illumination  is  effected  by  means  of  oil,  candles,  or  electricity. 

(C)    CEEWS,   PASSENGEES,   &c. 

Boyal  Navy  (England)  ^ 

The  total  force  in  the  service  afloat  is  55,G70  officers  and  men,  of  whom 

about  57  per  cent,  are  between  fifteen  and  twenty-five  years  of  age  ;  about 

31  per  cent,  aged  from  twenty-five  to  thirty-five ;  about  10  per  cent,  from 

thirty-five  to  forty-five  ;  and  about  1*6  per  cent,  above  forty-five  years  of  age. 

'  Statistical  Report  of  the  Health  of  the  Navy  for  1891. 
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Merchant  Service 

The  number  of  persons  employed  in  the  Mercantile  Marine  of  the  United 
Kingdom  in  1887  ^  was  as  follows  : — 


Total 

Foreigners 

Lascars 

Sail 

Steam 

81,189 
159,291 

12,436 
17,831 

170 
23,867 

Total         .... 

240,480 

39,267 

24,037 

The  total  includes  18,291  persons  on  fishing  boats  registered  under  the 
Merchant  Shipping  Acts,  but  does  not  include  the  crews  of  boats  registered 
under  the  Sea  Fisheries  Acts,  which  are  given  below.  The  crews  of  yachts 
and  vessels  employed  on  rivers  and  in  inland  navigation  are  not  included. 

Persons  employed  in  Boats  registered  under  the  Sea  Fisheries  Act,  1868.^ 


Approximate 

Total 

Men  and  boys  con- 
stantly employed 

Persons  other  than 

regular  fishermen 

occasionally  employed 

in  fishing 

England ..... 

Scotland 

Ireland 

33,044 
32,861 
10,600 

9,011 

19,872 
14,754 

42,055 
52,733 
25,354 

Total 

76,505 

43,637 

120,142 

Apprentices  ^ 

Number  of  apprentices'  indentures  enrolled  in  each  of  the  understated 
years : 

Tear  No.  enrolled 

1845 15,704 

1855 7,461  , 

1865 5,638 

1875 4,397 

1885 2,504 

1891 2,186 

Apprentices  are  not  now  required  by  law,  as  was  formerly  the  case. 


Manning  of  Ships  ^ 

The  manning  of  ships  has  declined  of  late.  In  1891  the  proportion  was 
2*95  (3-00  for  steam,  and  2*85  for  sailing  vessels). 

In  the  purely  home  trade  there  has  been  but  a  slight  reduction  of  man- 
ning, and  that  only  in  steamships. 

>  Annual  Statement  of  the  Navigation  and  Shipping  of  the  United  Kingdom  for  1891 
(Board  of  Trade),  pp.  262-263. 
■'  Ibid.,  pp.  279-283. 

"  Board  of  Trade  Returns  of  British  Merchant  Shipping,  May  25,  1892. 
*  Ibid. 
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An  analysis  of  the  crews  of  twenty-nine  British  sailing  vessels,  belonging  to 
well-known  firms  in  different  ports  of  the  United  Kingdom,  having  an  aggre- 
gate toimage  of  about  28,000  tons,  ranging  from  200  to  2,000  tons,  and  trading 
to  various  parts  of  the  world,  shows  that  in  ten  years  there  was  a  decrease  in 
total  crews  of  106  (629  in  1890  against  735  in  1880).  This  was  principally 
under  the  head  of  '  able  '  seamen  and  apprentices. 

A  similar  comparison  of  the  crews  of  thirty-two  British  steamships  of 
an  aggregate  of  about  58,000  tons  employed  in  the  foreign  trade  shows  at 
the  close  of  the  same  decade  an  increase  of  total  crews  of  12  (2,461  in  1890 
against  2,449  in  1880),  though  there  was  a  diminution  of  '  able  '  seamen 
(460-406),  boys  (41-32),  and  firemen  (460-452),  the  number  of  Lascars  and 
other  Asiatics  employed  having  slightly  increased  (332-847). 

The  following  table  ^  shows  the  population  of  men  to  tonnage  in  ships  of 
different  sizes  and  kinds  : — 


1891 

Average  number  of  men  to  a  ship 

Classification  of  tonnage 

Sailing 

steam 

Under  50        .         .        .       Tons         .... 

3-6 

6 

Of        50  and  under        100     , 

4-4 

9 

„       100         „                200     , 

5-8 

13-2 

„       200         „                300     , 

8-2 

18 

„       300         „                400      , 

10-1 

19-5 

„      400         „                500      , 

12-6 

19-3 

„       500         „                600     , 

13-7 

21-0 

„       600         „                700      , 

15-5 

20-9 

„       700         „                800     , 

16-6 

20-2 

„       800          „             1,000     , 

18-7 

23-6 

„    1,000         „             1,200     , 

21-7 

25 

„    1,200         „             1,500      , 

24-8 

29-7 

„    1,500         „             2,000      , 

29-1 

38-2 

„    2,000          „              2,500      , 

320 

69-1 

„    2,500          „              3,000      , 

35-2 

89-5 

,,    3,000  tons  and  above     . 

38-3 

143-1 

The  Sailob,  &c. 

The  seafaring  population  of  the  United  Kingdom  (Eoyal  and  Merchant 
Navies,  fishermen,  and  passengers)  numbers  therefore  nearly  three-quarters 
of  a  million,  about  half  of  which  are  mariners  by  profession. 

The  personal  hygiene  of  this  body  of  men,  not  only  on  account  of  their 
numbers  and  the  peculiar  character  of  their  avocations,  but  also  by  reason 
of  their  importance  to  the  nation,  demands  special  study.  The  attention 
claimed  by  the  subject  generally  has  not  been  given  to  it.  With  the  excep- 
tion of  the  Eoyal  Navy,  which  forms,  as  appears  by  the  statistical  returns 
already  given,  only  about  15  per  cent,  of  the  entire  population  engaged  in  the 
marine  service  of  this  country,  our  sailors  and  fishermen  as  a  body  cannot 
be  said  to  meet  with  that  amount  of  sanitary  care  and  consideration  to 
which,  from  the  privations  they  suffer,  the  risks  they  run,  and  the  duties 
they  perform,  they  are  fairly  entitled.  To  render  the  mercantile  and  fishing 
service  efficient,  it  is  necessary  that  the  men  should  be  carefully  chosen  from 
a  good  class  ;  that  their  status  and  condition,  social  and  hygienic,  be  made 
as  attractive  as  possible  ;  and  that  they  be  well  trained  and  disciplined. 
How  these  matters  are  attended  to  will  be  understood  by  comparing  the 


1  Prepared  from  the  Annual  Statement  of  the  Navigation  and  Shipping  of  the  United 
Kingdom  for  1891,  by  the  Board  of  Trade,  pp.  262-63. 
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information  available  with  respect  to  the  different  navies  for  the  purposes  of 
war,  commerce,  and  fishing. 

'  The  scarcity  of  competent  sailors,  and  the  consequent  rise  in  wages, 
threaten  to  injure  seriously  the  vast  commercial  interests  of  this  country,' 
as  was  said  by  Leach  ^  nearly  a  quarter  of  a  century  ago,  may  be  repeated 
at  the  present  day.  The  sea  is  still  as  unpopular  as  a  service  as  it  was  when 
the  above  words  were  written.  Lindsay,^  referring  to  the  shipping  of  crews, 
says  the  shipping  masters  were  generally  paid  per  head  engaged  and  put  on 
board  before  sailing,  and  the  men  were  sometimes  carted  to  the  ship  drunk. 
Everyone  knows  of  poor  Jack  as  the  victim  of  the  crimp,  and  of  impress- 
ment in  the  old  times.  Upwards  of  a  century  ago,  Lind,^  writing  of  the 
equipment  of  a  fleet,  mentions  as  part  of  it  men  '  picked  from  the  street  or 
prisons.'  The  careful  attention  now  paid  to  hygiene  in  the  Eoyal  Navy 
renders  this  observation  quite  inapplicable  to  that  service  at  the  present  day. 
The  seamen  in  the  merchant  service  are,  as  regards  the  source  from  which 
they  are  drawn,  a  very  variable  body.  The  sea  is  too  often  the  last  resort  of 
the  idle,  the  careless,  and  the  ne'er-do-well.  Small  matter  for  wonder,  then, 
if  the  crews  often  present  a  poor  appea^rance.  And  few  among  them  really 
merit  the  title  of  '  able-bodied  seamen.' 

After  his  entering  on  sea  life,  the  status  of  the  merchant  sailor  (boy  or 
man)  is  not  likely  to  be  improved.  He  is  cut  off  from  the  society  of  all  but 
his  shipmates — perhaps  six  or  eight  in  number — during  the  most  of  his  life, 
and  subjected  to  no  im]Droving  agencies  other  than  that  of  maritime  disci- 
pline, often  of  a  coarse  and  brutal  kind.  He  wears  no  uniform,  but  provides 
himself  with  such  clothing  as  his  means  and  tastes  prompt.  He  undergoes 
no  hygienic  exercises  other  than  those  of  his  regular  work.  These  and  other 
circumstances  combine  to  render  merchant  seamen  a  heterogeneous  body, 
without  organisation  and  with  little  esprit  de  corps.  In  the  service  of  the 
Honourable  East  Lidia  Company,  the  life  of  the  sailor  was  very  different 
from  what  it  is  in  the  merchant  service  now.  Their  crews  were  nearly  four 
times  the  present  number ;  they  wore  uniform  ;  they  were  well  looked  after ; 
and  their  life  was  indeed  that  of  the  ideal '  Jolly  Jack  Tar.' 

Lord  Brassey ''  states  that  the  consuls  answer  the  question  '  Has  the 
British  seaman  deteriorated  ?  '  in  the  affirmative  ;  whereas  official  witnesses 
and  owners  of  steamships  speak  in  favour  of  the  present  status  of  our 
mariners.  Their  wages  are  higher  than  what  are  given  in  other  countries, 
but  the  value  got  in  return  is  less.  Among  the  faults  complained  of  are  in- 
temperance, insubordination  (especially  in  large  ships),  ignorance  of  duties 
(steam  injures  seamanship),  thieving,  desertion,  and  venereal  disease.  Ten 
per  cent,  of  the  A.B.s  shipped  in  the  Port  of  London  are  foreigners,  because 
English  are  not  obtainable.  English  mercantile  seamen  are  inferior  to 
Swedes,  Norwegians,  and  Germans.  The  Swedes  have  a  system  of  ap- 
prenticeship by  which,  according  to  the  testimony  of  one  witness  (Captain 
Murray),  they  '  cut  out '  the  English  system  in  every  direction. 

On  the  whole,  the  author  considers  the  charge  of  deterioration  not 
proven. 

The  physique  of  the  seaman  should  be  good.  With  regard  to  height, 
Wilson  properly  observes  that  tallness,  apart  from  good  development,  is  no 

1  Report  on  the   Hygienic   Condition  of  the   Mercantile  Marine,  by  Harry  Leach. 
(British  Medical  Journal,  1867.) 
'^  History  of  Merchant  Shipping. 
^  Lind,  On  Seamen,  a.d.  1774. 
*  The  British  Navy,  by  Sir  T.  Brassey,  K.C.B.    London,  1883. 
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advantage,  and  often  leads  to  awkward  weakness.  On  the  other  hand,  this 
characteristic,  with  general  good  development,  is  a  special  advantage  in  the 
performance  of  duties  aloft.  Wilson,  in  an  aggregate  of  253  men  (U.S. 
Xavy),  found  the  mean  height  67"05  in.,  the  tallest  being  74,  and  the 
shortest  58  in. 

In  the  Eoyal  Navy  ^  of  this  country,  artificers  over  18  years  of  age  when 
first  entered  are  not  to  be  less  than  5  ft.  4  in.  in  height,  with  a  chest 
measurement  of  at  least  32  in.  For  stokers,  the  same  standard  of  height  is 
required,  with  the  following  chest  measurements  : — 

Between  18  and  19    .         .         .     not  less  than  32  in. 

„        19    „    20    .        .         .     not  less  than  33  in. 

Over  20 not  less  than  34  in. 

The  following  defects  disquahfy  for  admission  into  the  Navy.^  Persons  of 
whatever  class  or  age,  who  are  found  to  be  labouring  under  any  of  the  under- 
mentioned physical  defects  or  infirmities,  are  to  be  considered  unfit  for  entry 
into  Her  Majesty's  service  : — 

{a)  A  weak  constitution,  imperfect  development,  or  important  malformation,  or  physi- 
cal weakness,  either  hereditary  or  acquired. 

(6)  Skin  disease,  unless  temporary  or  trivial,  extensive  marks  of  cupping,  leeching, 
blistering,  or  of  issues.  .  .  . 

(c)  Malformation  of  the  head,  deformity  from  fracture  or  depression  of  the  bones  of 
the  skull,  impahed  intellect,  epilepsy,  paralysis,  or  impediment  of  speech. 

{d)  Blindiess  or  defective  vision,  imperfect  perception  of  colours,  fistula  lachrymalis, 
or  any  chronic  disease  of  the  eyes  or  eyelids  (full  normal  vision  is  required  as  determined 
by  Snellen's  tests,  each  eye  being  separately  examined). 

(e)  Impaired  hearing,  discharge  from  or  disease  of  one  or  both  ears. 

(J)  Disease  of  the  bones  or  cartilages  of  the  nose,  and  nasal  polypus. 

{g)  Disease  of  the  throat,  palate,  or  tonsils,  unhealthy  gums,  scrofulous  disease  of  the 
glands  of  the  throat  or  neck,  external  cicatrices  from  scrofula  or  suicidal  wounds. 

Seven  teeth  deficient  or  defective  (unless  special  authority  is  obtained  from  the  Ad- 
mhalty),  or  if  the  biting  or  grinding  capacity  be  seriously  impaired  owing  to  a  smaller 
number  of  unsound  teeth  ;  for  instance,  three  or  four  incisors  or  four  molars  in  the  same 
jaw. 

Beyond  the  above,  no  exact  rule  with  respect  to  defective  teeth  can  be  laid  down,  but 
the  examining  officer  should  take  into  account  the  condition  of  the  teeth  generally  and 
the  probability  of  their  lasting. 

[li)  Functional  or  organic  disease  of  the  heart  or  blood-vessels,  deformity  or  contrac- 
tion of  the  chest,  phthisis,  haemoptysis,  bronchitis,  asthma,  dyspnoea,  aphonia,  chronic 
cough,  or  any  symptom  of  lung  disease  or  tendency  thereto. 

{i)  Undue  swelling  or  distension  of  the  abdomen,  disease  of  the  hver,  spleen,  or 
kidneys,  hernia  or  tendency  thereto  from  weakness  of  the  abdominal  rings,  stricture  of 
the  urethra,  incontinence  of  urine,  syphilis,  or  gonorrhcea. 

(j)  The  non-descent  of  one  or  both  testicles,  hydrocele,  varicocele,  or  any  other  serious 
defect  or  malformation  of  the  genital  organs. 

[k)  Fistula  or  fissure  of  anus,  haemorrhoids,  or  any  disease  of  the  stomach  or  bowels. 

\i)  Paralysis,  weakness,  impaired  motion,  or  deformity  of  the  upper  or  lower  extremi- 
ties from  whatever  cause — a  varicose  state  of  the  veins,  especially  of  the  leg — distortion 
or  malformation  of  the  hands  or  feet,  fingers  or  toes. 

(m)  Distortion  of  the  spine,  of  the  bones,  of  the  chest  or  pelvis  from  injury,  disease, 
or  constitutional  defect. 

The  instructions  for  tne  government  of  medical  officers  in  the  physical 
examination  of  apphcants  for  engagement  in  the  United  States  Navy  ia 
given  by  Dr.  Turner.^ 

•  Admiralty  Instructions,  1893,  Article  No.  348. 
»  Ihid.,  article  No.  1,154. 

•  Art. '  Hygiene  of  the  Naval  and  Mercantile  Marine,'  Buck's  Hygiene. 
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Age. — No  man  above  fifty  years  of  age  is  admissible  into  tbe  service  of 
the  Eoyal  Navy,  except  under  express  authority.  Lind,  writing  in  1774, 
says  :  '  When  there  is  choice  of  men  the  captains  generally  prefer  the  most 
able-bodied  raw  young  fellows,'  but  indicates  the  superiority  of  hardened 
veterans  under  the  trials  of  a  hot  chmate,  &c.  Wilson  correctly  considers 
youthfulness  an  advantage  in  a  new  recruit  on  account  of  his  greater  facility 
for  accommodating  himself  to  the  circumstances  of  sea  life  than  is  possible 
for  an  adult. 

The  physical  qualifications  of  the  man-of-war's  man,  summarised  as 
follows  by  Macdonald,^  may  be  accepted  as  equally  applicable  to  the  seaman 
of  the  navy  of  commerce  : — '  The  duties  of  the  man-of-war's  man  are  such  as 
call  for  a  light,  active,  and  muscular  frame.  His  physical  condition  should 
approximate  as  nearly  as  possible  to  that  of  the  athlete,  and  the  nature  of  his 
training  should  tend  to  bring  him  into  that  condition.  His  hands  should 
be  strong  and  powerful,  yet  so  thoroughly  taught  that  they  may  be  capable 
of  executing  the  very  finest  work.  His  arms  should  have  their  muscular 
development  without  being  redundant,  and  the  same  may  be  said  of  his  legs. 
His  eyes  should  be  clear,  and  the  sight  good.  The  nervous  system  should  be 
so  well  balanced  that  no  situation  of  peril  should  easily  affect  it.' 

The  physique  of  the  fisherman  affords  a  favourable  contrast  with  that  of 
the  merchant  seaman.  Those  of  CuUercoats  are  in  general  burly,  fine- 
looking  fellows,  of  ruddy  complexion,  and  remarkably  clear- skinned,  as 
artists  well  know.  Theirs  is  a  very  old-estabhshed  community.  Inter- 
marriage is  very  common  among  them  ;  indeed,  these  fishermen  seldom  go 
out  of  the  village  or  trade  to  seek  wives.  This,  together  with  exposure  at 
nights  in  their  open  cobbles,  alternating  with  overcrowding  at  home  (many  of 
them  with  their  families  occupying  a  single  room),  has  its  effect,  for  phthisis 
is  one  of  the  diseases  from  which  they  suffer.  They  are,  as  a  rule,  steady 
and  industrious,  and  have  plenty  of  good  food. 

The  physique  of  the  Scotch  herring-fishermen  is  also  good.  The  men  are 
well-built,  ruddy,  clear-complexioned,  occasionally  fine-looking,  and  with 
bushy  beards.  They  say  their  wives  and  children  are  very  healthy.  The 
men  generally  marry  among  their  own  kind,  '  as  it  doesn't  suit  a  fisherman 
to  have  a  wife  who  cannot  help  him  '  (in  bait-gathering,  baiting,  &c.).  Many 
of  the  men  on  the  Scotch  herring-boats  are  known  as  '  Dalesmen.'  These 
are  farm  labourers  (?  from  the  dales)  who  take  to  fishing  in  the  season. 

Tests  of  Fitness  for  Service. — The  physical  examination  to  be  under- 
gone by  everyone  before  admission  into  the  Eoyal  Navy  is  indicated  by  the 
foregoing  list  of  requirements  for  certain  men,  and  the  disqualifying  defects 
for  all.  There  is  no  corresponding  examination  for  admission  into  the 
merchant  service.  The  Board  of  Trade  have  instituted  an  examination  as 
to  abihty  to  distinguish  colours,^  '  open  to  any  person  serving  or  about  to 
serve  in  the  mercantile  marine,'  for  admission  to  which  a  fee  of  one  shilling 
is  charged.  But  this  is  evidently  intended  for  masters  and  mates  only, 
and  is  not  compulsory  even  on  them,  for  under  Eegulation  48  a  candidate 
'  unable  to  pass  the  colour  test  will,  notwithstanding,  be  permitted  to 
proceed  with  the  examination  in  navigation,  &c.,  for  the  certificate  of  the 
higher  grade.'  Under  Eegulation  43,  'If  he  fails  it  will  be  open  to  him  to 
be  examined  again  in  colours  as  often  as  he  pleases,  on  payment  of  the  fee 
of  one  shilling  at  each  fresh  attempt.'  This  would  appear  to  be  a  very 
faulty  regulation,  for  if  a  man  is  once  colour-blind  he  is  always  so,  and 

'  Naval  Hygiene. 

*  Begulations  relating  to  the  Examinations  of  Masters  and  Mates,  a.d.  1888. 
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having  failed  at  one  examination  cannot  be  expected  to  recover  his  position 
at  any  subsequent  one. 

It  is  much  to  be  desired  that  all  intending  merchant  seamen  were  tested 
in  colour  perception  before  being  allowed  to  enter  on  duty.  There  can  be- 
no  doubt  that  such  a  course  would  lead  to  the  prevention  of  many  collisions^ 
which  too  often  ensue  from  failure  to  recognise  accurately  the  different 
signals  used  in  navigation. 

The  hearing  of  seamen  as  a  qualification  for  duty  is  second  only  to  their 
sense  of  sight. 

The  health  of  seamen  in  various  capacities,  and  the  diseases  to  which 
they  are  liable,  will  be  considered  elsewhere  (pp.  574,  &c.). 

Sanitary  Begulation  and  Supervision. — These,  in  the  case  of  the  sailor  of 
the  Eoyal  Navies  of  England,  France,  and  other  countries,  are  carefully  seen 
to.  As  much  can  scarcely  be  said  for  merchant  seamen.  Thus,  in  the 
former  case,  re-vaccination  is  strictly  carried  out.  In  the  case  of  unsuccess- 
ful re-vaccination  of  men  or  boys  entering  the  service  of  the  British  Eoyal 
Navy,  it  is  the  duty  of  the  medical  officer  invariably  to  perform  the  operation 
a  second  time.     On  merchant  vessels  there  is  no  such  regulation. 

The  discovery  of  cases  of  small-pox  on  such  vessels  on  their,  arrival  in 
British  ports  leads  to  attempts  to  induce  the  crews  to  consent  to  this  means 
of  protection.  The  men  may,  and  frequently  do,  refuse  their  consent,  and 
after  setting  out  from  port  sicken  with  the  disease.  Space  does  not  allow 
to  follow  out  in  detail  the  numerous  ways  in  which  the  general  hygienic 
care  of  seamen  in  the  merchant  service  compares  most  unfavourably  with 
that  of  those  in  the  Eoyal  Navy. 

Food 

The  subject  of  food  at  sea  is  of  importance  to  six  different  kinds  of  sea- 
faring persons — viz.  the  creivs  of  the  mercantile,  fishing,  and  fighting  navies, 
and  the  passengers,  including  adults,  children,  and  the  sick. 

Importance  of  Good  Food  to  the  Sailor,  and  Besults  of  Defective  Feeding. 
— The  true  economy  and  importance  of  providing  the  sailor  with  plenty  of 
good  food  should  be  self-evident  and  its  advocacy  unnecessary.  Yet  the 
want  of  sufficient  attention  to  this  matter  has  been  commented  on  by 
medical  officers  of  ships  from  the  days  of  Lind  and  Blane  until  the  present 
time.  Among  the  modern  writers  on  this  matter  the  name  of  Eattray  may  be 
specially  mentioned  *  as  one  who  has  clearly  pointed  the  errors  to  be  avoided, 
the  demands  to  be  supplied,  and  modifications  desirable,  under  varying 
circumstances  of  ship-life  in  port  and  at  sea,  in  temperate  and  in  tropical 
climates.  The  occasional  and  even  frequent  recurrence  of  scurvy  among 
crews  proves  the  neglect  of  proper  and  well-recognised  preventives.  This 
prevalence  in  the  mercantile  navy,  its  history  in  the  '  Dreadnought '  hospital, 
and  its  effect  on  our  merchant  seamen,  are  well  shown  by  Barnes.^  The 
too  great  use  of  salt  meat  as  a  cause  of  digestive  ailments  has  been  pointed 
out  by  many  authors.  Liebig  states  that  the  brine  changes  the  composition 
of  the  flesh,  separating  the  albumen.     Long-kept  salt  meat  (especially  beef) 

'  The  Dieting  of  Seamen.  From  the  Statistical  Reports  of  the  Health  of  the  Navy 
(Royal),  1867.  'The  Influence  of  Diet  and  Climate  on  Health  and  Disease  as  indicated 
by  Weight.'     Ibid,  for  1866. 

^  On  the  Occurrence  of  Scurvy  in  the  Mercantile  Navy,  by  Robert  Barnes,  M.D.  (In 
Report  of  Medical  Officer  to  Privy  Council,  1863.) 
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becomes  hard,  indigestible,  and  innutritions,  as  is  well  known.  Continued 
diet  of  salt  provisions  is  disrelished  by  sailors.  De  Mericourt  states  that  the 
issue  of  salt  beef  has  been  discontinued  in  the  French  Navy.  Sometimes  the 
imperfect  preservation  of  food  on  shipboard  renders  it  as  loathsome  and 
harmful,  or  more  so,  than  its  over-pickling.  The  writer  has  noticed  junks 
of  putrid  beef  and  pork  in  the  pickle-tubs  of  ships,  where  the  brine  had  been 
either  too  weak  originally  or  too  long  m  use.  The  so-called  preserved  meats 
in  use  on  shipboard  occasionally  undergo  fermentative  or  other  changes 
which  render  them  highly  poisonous.  Instances  of  this  are  quoted  by 
Fonssagrives.^ 

The  need  of  a  diet  adapted  to  the  requirements  of  climate  is  felt  more 
by  sailors  than  by  any  other  persons  ;  for  they  travel  from  tropical  to 
temperate  or  frigid  zones  continually.  The  importance  of  this  was  under- 
stood by  Lind,  who  laid  down  specific  instructions  for  different  voyages. 
Notwithstanding  all  that  has  been  said  as  to  the  necessity  of  suitable  dietaries 
for  the  various  climates, '  but  httle  has  been  practically  effected '  (Macdonald). 
Eattray,  in  the  article  on  '  Dieting  of  Seamen '  already  referred  to,  attributes 
the  improved  health  of  the  Navy  more  to  changes  in  other  sanitary  respects 
than  that  of  food.  He  says  :  '  Ulcer  and  dysentery,  at  least,  and  other  ail- 
ments that  often  directly  or  indirectly  result  from  peculiarities  in  provision- 
ing, and  have  a  distinct  scorbutic  alliance,  are  still  frequent  at  sea.' 

Quality,  Examination,  and  Testing  of  Food  at  Sea. — The  quahty  of 
food  of  all  kinds  supplied  to  ships  should  be  subjected  to  close  supervision. 
Beef,  pork,  &e.,  should  be  well  selected  (so  as  to  conform  to  the  characters 
described  on  p.  496  et  seq.,  Vol.  I.),  and  should  be  properly  pickled.  Fre- 
quently the  pickle  is  defective,  sometimes  being  too  salty  and  sometimes  the 
reverse,  so  as  to  let  the  meat  become  putrefied.  The  Merchant  Shipping  Act 
of  1892  provides  that  in  the  case  of  ships  trading  or  going  from  any  port  of  the 
United  Kingdom  through  the  Suez  Canal,  or  round  the  Cape  of  Good  Hope  or 
Cape  Horn,  an  officer  of  the  Board  of  Trade  shall,  before  shipment  whenever 
practicable,  inspect  the  barrels  of  beef  and  pork,  preserved  meat  and  vege- 
tables in  tins,  and  the  casks  of  flour  or  biscuits  intended  for  the  use  of  the 
crews  of  such  ships,  and,  if  satisfied  they  are  fit  for  such  use,  certify  the  same 
accordingly.  He  may  also  proceed  on  board  a  vessel  to  ascertain  whether 
the  stores  and  water  provided  have  been  duly  inspected,  or,  if  not,  whether 
they  are  of  a  quality  fit  for  the  use  of  the  crews  of  such  ships.  If  he  finds 
the  same  not  to  have  been  inspected,  and  deficient  in  quality,  he  is  required 
to  detain  the  ship  until  such  defects  are  remedied  to  his  satisfaction. 

Kules  for  the  inspection  of  provisions  and  water  under  this  Act,  by  the 
Board  of  Trade,  and  dated  March  11,  1893,  define  the  conditions  of  inspec- 
tion, and  provide  for  the  inspection  of  surplus  stores  left  over  after  a 
previous  voyage,  and  for  turning  out  the  contents  of  all  casks  of  wet  pro- 
visions among  such  surplus  stores.  Other  provisions  of  these  rules  relate 
to  notice  being  given  to  the  inspector  for  the  inspection  of  stores,  and  for 
supplying  to  him  a  list  of  the  stores.  The  requisite  condition  of  beef, 
pork,  preserved  meats  and  vegetables,  vegetables  in  tins,  flour  and  biscuits, 
is  defined.  Briefly  stated,  animal  food  is  to  be  sweet,  and  properly  packed, 
and  pickled  in  pickle  of  full  strength  ;  vegetables  are  to  be  fresh  and  sound, 
properly  preserved,  and  in  strong  and  suitable  tins.  Flour  is  to  be  of  fine 
grade,  milled  from  fully  matured,  good  sound  wheat,  containing  a  proper 
proportion  of  nutritious  matter,  and  packed  in  suitable  casks  or  tanks. 
Biscuits  are  to  be  thoroughly  baked  and  dried,  and  made  of  fully  matured 

'  HygUne  Navale.     ('  Aliments  alteres.') 
VOL.   II.  O  O 
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wheat  flour,  containing  a  proper  proportion  of  nutritions  matter.  When 
stored  in  tanks,  these  are  to  be  thoroughly  cleansed,  lined  with  fresh  lime, 
and  dried  before  being  refilled.  The  water  left  in  the  ship's  tanks  from 
the  former  voyage  must  all  be  completely  emptied,  and  the  tanks  must  be 
thoroughly  cleansed  and  refilled  with  good  fresh  water.  The  inspector  is 
empowered  to  require  that  all  stores  deficient  in  quality  shall  be  landed,  and 
he  is  required  to  grant  a  certificate  if  he  is  satisfied  that  he  has  seen  all 
the  stores  intended  for  the  particular  voyage,  and  that  they  are  of  a  quality 
fit  for  the  use  of  the  crew.  One  of  the  rules  provides  for  the  exemption 
from  inspection  of  the  stores  of  a  ship  trading  from  one  port  to  another  in 
the  United  Kingdom,  and  which  have  not  been  opened. 

The  Merchant  Seamen  (Provisions)  Bill,  1893,  is  intended  further  to 
amend  the  law  in  this  matter. 

De  Mericourt  ^  testifies  to  the  excellence  of  the  bread  supphed  to  the 
seamen  in  the  French  Navy.  The  best  wheat  only  is  selected ;  it  is  freshly 
ground,  must  be  of  good  taste  and  smell,  and  contain  8  per  cent,  of  dry 
gluten.  It  must  also  be  free  from  beyond  20  per  cent,  of  husk,  bran,  or 
flour  of  inferior  quality  ;  must  have  not  more  than  13,  or  less  than  10,  per 
cent,  of  water.  The  flour  is  analysed  by  whatever  means  the  authorities 
think  fit  to  adopt,  and  the  ovens  in  which  the  bread  is  baked  are  subject 
to  inspection  and  supervision. 

The  biscuit  in  the  British  Eoyal  Navy  is  manufactured  from  a  meal  con- 
sisting of  flour  and  middlings  made  from  raw  wheat  (Macdonald).  '  The 
baking  should  be  so  conducted  as  to  give  the  biscuit  a  miiform  yellowish- 
white.  The  gluten,  if  too  large  in  amount  or  unequally  distributed,  makes  a 
long-baked  biscuit  flinty  and  difficult  to  masticate.  Biscuit  may  be  examined 
microscopically  and  chemically  for  adulteration,  &c.  Alum  or  sulphate  of 
copper  are  sometimes  used  to  whiten  dark-coloured  flours.  Old  kept  biscuit 
is  liable  to  be  affected  by  worms  and  insects,  of  which  the  weevil  {Galandra 
granaria)  and  the  larva  of  the  chocolate  moth  {Ejjhestia  elutella)  are  the 
most  common.  Sourness  of  soft  bread  indicates  usually  either  over-'  steeping ' 
of  the  dough,  defects  in  the  flour,  or  fermentation  of  the  bread,  or  bad  yeast. 

For  the  examination  of  flour,  see  Vol.  I.  p.  461. 

Ordinary  beans,  according  to  Dr.  Turner,^  are  unfit  for  food,  if  after  im- 
mersion for  some  hours  in  water  they  do  not  sprout.  The  same  remark 
applies  to  peas.  The  former  is  an  item  in  the  ration  of  the  American,  and 
the  latter  of  the  British,  War  Navy. 

Preservation  of  Foods  at  Sea 

The  best  means  of  providing  fresh  food,  animal  or  vegetable,  is  keeping 
it  alive  or  rearing  it  to  use  as  it  is  wanted.  This  is,  of  course,  practicable 
only  to  a  very  limited  extent  on  shipboard.  Cattle,  sheep,  pigs,  fowls,  eggs, 
milk,  and  certain  anti-scorbutic  and  other  vegetables  may  be  so  kept  or  pro- 
duced, but  the  expense  is  prohibitory  of  theh  general  use.  Wilson  ^  recom- 
mends small  tanks  and  gardens  on  board  ship  for  turnips,  cresses,  radish,  &c. 

Among  the  processes  for  preserving  food  of  different  kinds,  the  following 
are  mentioned  by  Wilson  : — Salting,  desiccation,  smoking,  immersion  in  oil 
(for  fish,  &c.),  immersion  in  vinegar  (for  animal  and  vegetable  foods),  immer- 
sion in  molasses  (for  potatoes),  heating  and  seclusion  from  the  atmosphere 
(as  in  tinned  foods,  soups,  fruits,  &c.),  refrigeration. 

Salting  diminishes   the   nutritive   value   of  meat  as  previously  stated. 

'  Bapport  sur  le  Progris  de  VHygUne  Navale. 
2  Buck's  HT/jzene.  ^  Naval  Hygiene. 
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Drying  is  not  in  general  use  as  a  means  of  preserving  animal  foods  in  this 
■country.  It  is  the  process  by  which  the  pemmican  of  the  American  hunter 
is  prepared.  Desiccation  by  pressure  has  been  successfully  applied  by  Chollet 
and  Masson  for  the  preservation  of  fresh  vegetables,  which  are  said  to  regain 
their  original  bulk,  and  freshness  after  immersion  for  thirty  or  forty  minutes 
in  tepid,  or  from  six  to  eight  hours  in  cold,  water. ^ 

De  M^ricourt  considers  that  under  this  process  the  vegetables  lose  their 
anti-scorbutic  qualities.  He  is  in  favour  of  Fastier's  process  for  preserving 
meat  as  adopted  for  the  French  Navy,  which  consists  in  plunging  tins  of  the 
meat  into  water  at  a  temperature  of  262°  F.  (effected  by  dissolving  certain 
substances  in  the  water  so  as  to  raise  the  boiling-point).  The  air  is 
driven  out  of  the  tins  by  the  steam  created  by  this  high  temperature,  and 
the  tins  are  then  closed  and  soldered.  This  method  resembles  the  ordi- 
nary process  for  preserving  the  tinned  meats  so  largely  consumed  in  this 
■country. 

Storage  of  Food  on  Shipboard. — One  defect  on  board  many  merchant 
vessels  is  the  want  of  proper  places  in  which  to  store  provisions.  Hence 
these  are  often  exposed  to  unwholesome  exhalations.  In  timber  ships  occa- 
sionally the  vapour  from  the  cargo  affects  the  food  with  an  unpleasant 
flavour.  In  the  '  weekly  boats '  the  food  of  the  crew  is  kept  in  the  forecastle 
exposed  to  their  exhalations,  &c.  In  such  cases  lockers  are  not  always  pro- 
vided. In  steamers  making  longer  voyages  one  occasionally  finds  the 
bread-store  opening  into  the  seamen's  quarters,  or  the  crew's  provisions  kept 
there.  Bread  and  other  provisions,  whilst  unbroached,  are,  in  well-arranged 
vessels,  lodged  in  the  '  lazarette,'  the  opened  casks  or  tins,  &c.,  of  food  being 
kept  in  the  store-room.  An  example  of  a  pantry  in  a  faulty  position  is  given 
in  fig.  18. 

Cooking  and  Apparatus 

These  on  shipboard  are  not  generally  of  first-class  character,  and  on 
small  vessels  are  very  poor  indeed.  On  fishing  boats  the  '  provider '  and 
cook  is  generally  a  boy,  who  learns  his  vocation  as  best  he  can,  and  usually 
with  very  scanty  apparatus.  In  Norwegian  schooners  the  galley  is  perhaps 
inside  the  deck-house.  Often er  it  adjoins  the  deck-house  in  small  ships,  or 
stands  separately  ;  and  in  these  cases  may  be  covered  in,  but  is  often  not  so, 
causing  the  exercise  of  the  culinary  art  in  rough  weather  to  be  a  matter  of 
no  small  difficulty.  In  one  instance,  which  may  serve  as  a  specimen,  noted 
by  the  writer,  the  galley  of  a  brigantine  was  merely  a  stove  having  an  oven 
behind  and  near  the  deck,  and  a  small  boiler  above  and  behind,  and  a  flat 
plate  over  the  fire  for  boiling  potatoes,  &c.,  the  whole  being  enclosed  in  a 
metal  case  3  feet  9  inches  high  x  3  feet  3  inches  square  superficially ;  so  that 
the  cook  had  no  shelter.  The  pans  and  general  arrangement  were  very  de- 
fective. Comfortable  covered  galleys  are  met  with  on  some  of  the  smaller 
Swedish  and  Norwegian  vessels  trading  to  the  Tyne.  A  good  galley  for  a 
merchant  ship  of  twenty  hands  or  so  should  be  about  12  feet  in  length  by 
7  feet  in  breadth,  well  ventilated,  entirely  clear  of  crew- space,  and  provided 
with  a  separate  room  for  the  cook,  but  not  opening  into  it. 

Rations 

On  next  page  is  given  the  scale  of  victualling  in  the  British  Eoyal 
Navy.^  (When  women  and  children  are  carried,  they  are  to  be  victualled 
in  accordance  with  the  scale  for  victualling  Her  Majesty's  troopships.) 

*  Fonssagrives. 

*  Queen's  Regulations  and  Admiralty  Instructions,  1893,  Appendix  xxi.  pp.  987,  &c. 
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Seamen 

Officers, 

Super- 

When to  be  issued 

Articles 

crew,  and 

others  at  a 

seaman's 

fuU 
allowance 

numeraries 

at  two- 
thirds  of  a 
seaman's 
allowance 

In 

[Biscuit 
\       or 

lb. 

If 

5 
6 

2 

( Soft  bread  . 

li 

1 

3 

4f 

Daily 

Spirit  .... 
Sugar  .... 

pint 
oz. 

i 

2 

ft 

5 

Chocolate — Ordinary  . 

>? 

1 

f 

—Soluble      . 

1-2 

&> 

. 

Tea      ...        . 

i 

i 

^) 

Oatmeal 

)f 

4 

3 

6 

2 

8 
9 

Weekly    . 

Mustard 
Pepper 

1 
1 

X 

3 

10  j 

( 

Vinegar 

pint 

1 
4 

1 

12  J 

Daily  when  proeur-  i 
able      .         .        .1 

Fresh  meat 

lb. 

1 

1 

Vegetables 

„ 

1 

2 

1 

"R^e?i 

fresh  pi-ovisio7is  cannot  be  secured  : — 

13  ) 

f 

Salt  pork 

9) 

1 

1 

14   • 

Every  other  day       .  \ 

SpHt  peas    . 

J. 

2 
9 

15 

[ 

Celery  seed  . 

\  oz.  to  every"8  lbs 
peas  put  into  the 

.  of  split 
coppers 

16) 

Salt  beef      . 

lb. 

1 

2 

17 

18 

On  one  alternate  day  ■ 

Flour  .... 
Suet     .... 

oz. 

9 

3 

6 

1 

19; 

Eaisins 

n 

2 

1 

20  \ 

Preserved  meat    . 
with  either 

lb. 

s' 

4 

i 

21 

(1)  Preserved  potato     . 

oz. 

4 

n 

22 

01' 

(2)Eice 

,, 

4 

n 

20 

On   the  other  alter-  , 
nate  day 

or 

(Preserved  potato   . 
(3)  \         and 

>1 

2 

H 

22 

(Eice       . 
or 

l> 

2 

H 

17 

1  Flour     . 

(4)  J  Suet       . 

^, 

9 

6 

18 

)1 

3 
4 

i 

19/ 

(Eaisins. 

u 

1 

In  case  it  should  be  necessary  to  issue 
substitutes  for  any  of  the  articles  in  this 
scale  of  victualling,  the  following  proportion 
is  to  be  adopted,  viz. : — 
Biscuit.        .        .1  pound")  are   to  be  con 


Scale  of  Substitutes  ^ 


>  sidered  equal  to 
„      J  each  other 
i  pintl 


The  following,  when  issued  with  Meat 
Eations,  are  to  be  considered  equal  to  each, 
other : — 


Flour    . 

Eice 

Wine    . 

Spirit    .        .        .    igill    !Do.        do. 

Porter  . 

Coffee    . 

Cocoa   . 

Chocolate,  Ordinary,  1   „     |-Do.        do. 

Soluble,  1-2 
Tea       ...      i 

When  the  men  desire  it,  J  lb.  of  flour  may  be  issued  in  lieu  of  J  lb.  of  biscuit,  and 
ships  proceeding  to  sea  are  to  fill  up  on  this  basis. 

Articles  1,729  and  1,730  of  the  Admiralty  Instructions  provide  that  no 
person  is  to  receive  a  spirit  ration  in  kind  until  he  is  twenty  years  of  age.  The 
spirit  is  to  be  mixed  and  issued  every  day  upon  deck  with  three  parts  of, 
water  to  one  of  spirit,  and  is  to  be  served  out  at  dinner  time  only. 

'  Queen's  Regulations  and  Admiralty  Instructions,  1893,  Appendix  xxi.  p.  989. 
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Note. — The  rations  for  young  persons  of  different  ages  are  fixed  so  as  not 
to  include  stimulants.  Fresh  meat  and  fresh  vegetables  are  to  be  issued  in  port 
whenever  practicable.  Invalids  are  to  have  fresh  bread  every  day,  and  live 
stock  (not  pigs)  is  to  be  provided  liberally  for  them.  Water  is  to  be  liberally 
allowed,  the  minimum  for  each  individual  embarked  being  six  pints  when  out 
of  the  tropics  and  one  gallon  within  the  tropics.  (For  further  particulars,  Sub- 
stitutes, Medical  Comforts,  &c.,  see  '  Queen's  Regulations,  1893,'  pp.  992-95.) 

For  an  interesting  account  of  the  rations  of  the  British  Royal  Navy  from 
1720  onwards,  and  of  the  British,  Dutch,  and  French  Navies  in  1871,  the 
reader  is  referred  to  Blyth's  'Dictionary  of  Hygiene'  (Article  'Hygiene'). 
Those  of  the  French,'  Portuguese,  and  Belgian  War  Navies  are  also  described 
by  Fonssagrives  ;  Turner  (Buck's  '  Hygiene  ')  gives  a  comparison  of  the  diffe- 
rent rations  issued  to  the  United  States  men-of-war's-men,  at  sea  and  in 
port ;  together  with  a  statement  of  the  tissue-forming  and  heat-producing 
equivalents  of  each  article.  Wilson  treats  of  the  same  dietary.  Rattray,  in 
the  article  before  quoted,  gives  some  valuable  information  as  to  the  dietary 
of  the  British  Royal  Navy  in  1873  (in  port  and  out  of  port). 

In  British  merchant  ships  (foreign-going)  the  average  food  allowance  is 
1  lb.  of  bread  every  day,  1^  lb.  of  beef,  and  1^  lb.  of  pork  on  alternate  days, 
and  ^  lb.  flour  and  J  lb.  peas  on  alternate  days.  In  coasting  vessels,  where 
the  work  is  hard  and  constant,  the  allowance  is  usually  unlimited.  Lindsay^ 
comments  on  the  large  amount  of  sufiering  from  paucity  of  provisions  and 
water,  the  latter  being  commonly  issued  at  the  rate  of  three  quarts  per  person 
per  week.  In  passenger  ships  the  scales  of  dietary  for  passengers  are  of  two 
classes,  according  to  the  length  of  the  voyage,  as  follows  : 

Provisions  ^ 

Weekly,  per  Statute  Adult 


Bread   or   biscuit,  not   inferior  in  quality   to 

Navy  biscuit 

Wheaten  flour 

Oatmeal  . 

Eice  . 

Peas 

Potatoes 

Beef 

Pork 

Tea 

Sugar 

Salt 

Mustard 

Black  or  white  pepper,  ground 

Vinegar    

Lwie  juice  

Preserved  meat 

Suet 

Eaisias 

Butter 


Scale  A. 

For  voyages  not 

exceeding  84  days 

for  sailing  vessels, 

or  50  days  for 

steamers 


Lbs.  oz. 


0     0^ 

0    oj 

One  gill 


Scale  B. 

For  voyages  exceed- 

ing 84  days  for 

sailing  vessels,  or 

50  days  for  steamers 

Lbs 

oz. 

3 

8 

2 

0 

1 

0 

0 

8 

1 

8 

2 

0 

1 

4 

1 

0 

0 

2 

1 

0 

0 

2 

0 

Ok 

0 

Ok 

One 

gill 

0 

6 

1 

0 

0 

0 

0 

8 

0 

4 

N.B.— Full  issue  of  lime  juice  imperative  only  in  the  tropics,  26  &  27  Vic.  c.  51,  s.  9  ; 
and  at  other  times  at  the  discretion  of  the  medical  officer. 


Levy,  Traits  d'HygUne,  tome  ii.,  gives  the  rations  of  the  French  Navy  as  fixed  in  1874. 
Merchant  Shipping  and  Ancient  Commerce. 
Board  of  Trade  Notice  to  Passengers,  1887,  p.  33. 


568  HYGIENE 


Substitutions. 


1  lb.  of  preserved  meat       .         .         .    for   1  lb.  of  salt  pork  or  beef. 

1  lb.  of  flour  or  of  bread  or  biscuit,  or  "1^         IJ  lb.  of  oatmeal  or  1  lb.  of  rice,  or 


■|  lb.  of  beef  or  pork        .         .         .  / 
1  lb.  of  rice 

|-  lb.  of  preserved  potatoes  . 
10  ozs.  of  currants 
3|  ozs.  of  cocoa  or  coffee,  roasted  or 

ground  . 
f  lb.  treacle 
1  gill  of  mixed  pickles 


1  lb.  of  peas. 
IJ  lb.  of  oatmeal,  or  vice  versd. 

1  lb.  of  potatoes. 
8  ozs.  of  raisins. 

2  ozs.  of  tea. 

I  lb.  of  sugar. 
1  gill  vinegar. 


In  case  of  failure  to  supply  issues  of  good  and  wholesome  provisions  in 
accordance  with  the  above  scales,  the  master  is  liable  to  a  penalty  not  ex- 
ceeding fifty  pounds.^  The  provisions  for  the  crews  of  passenger  ships  are 
not  to  be  inferior  to  those  of  the  passengers.^ 

The  American  dietary  scale  for  passengers  is  given  by  Turner  (Buck's 
'  Hygiene  and  Public  Health  '),  together  with  the  rations  of  the  crews  of 
passenger  ships. 

As  respects  the  general  defects  of  diet  scales  for  seamen,  Eattray  gives  as 
his  opinion  that 

1.  They  are  too  unvarying  in  all  latitudes,  tropical  and  temperate. 

2.  The  highly-salted  beef  and  pork,  and  scanty  supply  of  vegetable  matter  are 
objectionable,  especially  in  the  tropics. 

3.  The  same  diet  is  given  in  warm  as  in  cold  regions,  instead  of  one  less  nitrogenous 
and  stimulating,  and  more  vegetable. 

4.  The  spirit  ration,  especially  in  the  tropics,  is  unnecessary  and  injurious. 

Eattray  advocates  the  use  of  preserved  meat,  &c.  He  proposes  a  naval 
dietary  for  (1)  temperate  and  (2)  tropical  climates,  (3)  for  use  at  sea,  and  (4) 
in  harbour.     These  dietaries  will  well  repay  perusal. 

There  is  much  necessity  for  having  the  rations  of  coastmg  as  well  as 
•ocean-going  ships  fixed  by  law. 

Quality  of  Provisions,  dc,  supplied  to  Merchant  Seamen 

'  Any  three  or  more  of  the  crew  of  a  British  ship  may  complain  to  any 
officer  in  command  of  any  of  Her  Majesty's  ships,  or  any  British  Consular 
Officer,  &c.,  that  the  provisions  or  water  for  the  use  of  the  crew  are  bad.' 
The  person  complained  to  may,  after  examining  the  food  and  finding  it 
defective,  signify  the  same  to  the  master  of  the  ship,  who  shall  be  liable  to  a 
penalty  of  twenty  pounds  in  case  of  failure  to  provide  proper  provisions,  &c., 
in  lieu  thereof.^ 

The  principle  of  giving  pay  in  place  of  food  on  board  of  coasters  and 

*  weekly  boats  '  is  bad,  inasmuch  as  the  men  are  not  likely  to  provide  them- 
selves with  proper  or  sufficient  food,  and  they  have  not  proper  storage  for 
their  provisions. 

Water  and  Bevbeages 

Sources  and  Quality. — In  port,  ships  are  usually  furnished  with  water  by 

*  water  boats  '  fitted  for  the  purpose  with  tanks,  from  which  the  supply  is 
pumped  to  the  receptacles  of  the  vessel  requiring  it.  Under  proper  arrange- 
ments no  objection  can  be  raised  to  this.  But  in  cases  of  enteric  fever,  &c., 
it  is  sometimes  difficult  to  trace  the  disease  to  its  origin  owing  to  the  impos- 
sibility of  ascertaining  the  source  from  which  the  water-boat  derived  its 

'  Notice  to  Passengers,  p.  63.  -  Ibid.  p.  30. 

^  Boyd's  Merchant  SMp;ping  Laws,  1876,  p.  196. 
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•supply.     The  boats  themselves  are  occasionally  found  to  be  dirty,  or  have 
leaking  decks. 

We  have  known  the  drinking-water  for  a  ship  to  have  been  pumped 
directly  from  the  river  in  a  foreign  port.  On  long  voyages  vessels  have  often 
to  send  ashore  for  fresh  water  from  springs,  streams,  &c.  This  is  done  by 
filhng  casks,  or  even  the  ship's  boats,  which  should  first  be  Hned  with  canvas 
as  described  by  Macdonald.  In  canal  boats  the  water  is  frequently  drawn 
directly  from  the  canals,  the  boatmen  being  too  lazy  to  lay  in  a  stock  before 
:  starting.^ 

Fishing  boats  and  other  small  craft  are  not  unfrequently  suppHed  with 
water  from  objectionable  sources,  perhaps  owing  to  unwillingness  to  pay  for 
.  a  good  supply.  Instances  have  come  under  our  observation  where  the  crews 
of  such  boats  have  complained  of  the  water  causing  sickness  and  diarrhoea. 
In  some  ships  visiting  the  Port  of  Tyne  the  water  has  been  found  to  yield  a 
plentiful  deposit  of  clay  and  other  matter,  as  though  drawn  from  a  dirty 
place,  or  from  a  stream  in  flood.  Large  vessels  provide  most  of  their  water 
by  distillation.  This  process,  now  so  famihar  and  simple,  was,  as  practised 
prior  to  the  time  of  Lind,  mysterious  and  complex.  Different  methods,  in- 
troduced by  different  persons,  in  which  the  sea-water  to  be  distilled  was 
mixed  with  such  ingredients  as  Lapis  infernalis,  calcined  bones,  soap  lees, 
chalk,  lime,  ashes,  &c.,  had  in  turn  been  tried  and  found  unsatisfactory. 
The  fact  had  long  been  known  that  the  vapour  expelled  from  sea-water  by 
the  aid  of  heat  contained  no  saline  matters ;  but  the  water  when  distilled 
had  at  first  a  disagreeable  taste,  beheved  to  be  due  to  bitumen,  which  the 
ingredients  above  named  were  intended  to  remove.^  Lind  showed  this  idea 
to  be  'a  mere  imagination,'  and  in  a  paper  read  before  the  Eoyal  Society 
in  1762  demonstrated  that  pure  water  might  be  distilled  from  sea-water 
•  alone.  Ten  years  later  Dr.  Irving  received  a  grant  of  5,000?.  from 
Parliament  for  '  the  discovery  of  an  easy  and  practicable  method  of  making 
sea-water  fresh  and  wholesome,'  which  appears  to  have  been  merely  a 
modification  of  the  method  of  Lind.  Four  years  after  Lind's  discovery, 
Dr.  Poissonniere,  a  French  physician,  had  also  a  pension  settled  on  him  on 
account  of  the  same.^  The  history  of  this  remarkable  discovery,  and  the  steps 
which  led  to  it,  are  fully  described  by  Fonssagrives,^  who  claims  the  credit 
of  the  invention  for  his  compatriot  Gauthier,  a  physician  of  Nantes,  who  in 
1717  made  trial  of  a  distilling  apparatus  at  sea.  His  process  caused  great 
heat  and  risk  of  fire,  imparted  a  disagreeable  flavour  to  the  distillate,  and, 
having  other  disadvantages,  did  not  give  satisfaction.  It  was  soon  abandoned. 
Fonssagrives  fails  to  show  in  what  respects  the  method  of  Gauthier  was  a 
forestalment  of  the  principle  of  which  we  maintain  Lind  to  have  been  the 
■discoverer — viz.  that  of  the  distillation  of  sea-water  alone,  and  the  condensa- 
tion of  its  vapour  into  a  pure  and  palatable  fluid. 

For  an  account  and  illustrations  of  various  apparatus  in  use  for  distilla- 
tion from  the  time  of  Gauthier  onward,  the  reader  is  referred  to  the  work  of 
Fonssagrives. 

Passenger  ships  may  proceed  on  their  voyage  with  only  half  the  quantity 

'  Annual  Report  of  the  Local  Government  Board,  1887-88. 

2  Saint  Basil  relates  in  his  Fourth  Homily  how,  being  shipwrecked  on  an  island  where 
water  was  not  procurable,  he  showed  his  companions  in  misfortune  the  means  of  col- 
lecting a  sufficient  quantity  to  quench  their  thirst ;  sea-water  was  heated  in  an  iron  basin 
•and  the  vapour  became  condensed  on  sponges,  which  yielded  sweet  water  when  pressed 
.'(Fonssagrives). 

8  Lind  on  Seamen,  1774. 

*  Traiti  d' Hygiene  Navale. 
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of  pure  water  required  by  the  Act,  provided  that  there  be  on  board  an 
efficient  and  competent  distilling  apparatus  under  proper  management.^ 

The  Board  of  Trade  regulations  as  to  the  survey  of  steamships  carrying 
passengers  ^  state  that  the  distilling  apparatus  of  emigrant  ships  should, 
vsdth  certain  exceptions,  be  taken  to  pieces  every  voyage  and  tested.  '  The 
water  should  be  cold,  pure,  and  fit  to  drink  immediately  after  it  is  drawn  off 
from  the  filter.  No  distilling  apparatus  should  be  passed  unless  fitted  with 
a  suitable-sized  filter,  charged  with  animal  charcoal.'  A  list  of  patent  dis- 
tilling apparatus,  approved  by  the  Board  of  Trade,  including  fifteen  kinds  of 
which  Normandy's  stands  at  the  head,  is  given  in  the  regulations  above- 
mentioned. 

A  condensing  apparatus  of  the  first  class  will  distil  as  much  as  800^ 
gallons  in  ten  hours. 

Examination  and  Testing  of  Water. — For  details  on  these  matters  the 
reader  is  referred  to  Vol.  I.,  p.  274  et  seq. 

Preservation  and  Storage. — In  large  ships  water  is  stored  in  galvanised 
iron  tanks,  holding  often  600  gallons  or  more  each.  In  small  ships  casks  are 
still  in  common  use.  These  are  generally  fixed  on  the  decks  of  schooners, 
&c,,  and  are  apt  to  be  washed  overboard  in  stormy  weather.  Tanks  are  stored 
in  the  holds  of  large  ships,  and  in  various  parts  of  small  vessels  ;,  thus  one 
frequently  finds  them  beneath  the  cabin  floors,  or  in  any  convenient  corner. 
In  passenger  ships,  when  casks  are  used  they  are  required  by  statute  to  be 
'  sweet  and  tight,  of  sufficient  strength,  and,  if  of  wood,  properly  charred, 
inside,  and  .  .  .  not  capable  of  containing  more  than  three  hundred  gallons 
each.  The  staves  of  water  casks  shall  not  be  made  of  fir,  pine,  or  soft  wood.' 
Breach  of  these  requkements  renders  the  offender  liable  to  a  penalty  of  fifty- 
pounds. 

It  is  stated  by  Medlock,  on  the  authority  of  Turner,^  that  a  coil  of  iron 
wire  in  contact  with  water  for  twelve  hours  will  remove  or  convert  from  a 
soluble  to  an  insoluble  form  all  traces  of  organic  matter,  rendering  it  capable 
of  removal  by  filtration.  Dr.  Wilson  states  that  in  iron  tanks  the  contained 
vegetable  matter  of  water  soon  decomposes,  after  which  the  water  quickly 
becomes  good  and  remains  so.  Iron  tanks  also  decompose  the  salts  of" 
brackish  water,  and  thus  improve  it. 

Under  the  Passengers  Acts  it  is  provided  that  the  supply  of  fresh  water- 
to  passenger  ships  shaU  be  sufficient  to  secure  throughout  the  voyage  three 
quarts  daily  to  each  statute  adult,  exclusive  of  the  amount  necessary  for 
cooking,  and  that  the  latter  shall  be  shipped  *  after  the  rate  of  at  least  ten 
gallons  for  every  day  of  the  prescribed  length  of  the  voyage  for  every  one 
hundred  statute  adults  on  board,^  and  also  for  the  use  of  the  crew  and  all 
other  persons  on  board  an  ample  supply,  &c.'  On  passenger  ships  water  is 
not  allowed  to  be  carried  on  the  upper  or  'passenger  decks,'  unless  with  the 
approval  of  the  emigration  officer. 

Supply  alloived. — The  '  Queen's  Regulations  and  Admiralty  Instructions ' 
state  that  water  for  '  troops  or  third-class  passengers '  '  is  to  be  issued  on 
the  most  liberal  scale  possible ;  and  the  minimum  daily  allowance  of  water 
is  to  be  for  each  individual  embarked,  six  pints  when  out  of  the  tropics,  and 
one  gallon  when  within  the  tropics,  which  quantities  are  to  suffice  for  all 
purposes.'     There  is  not  (so  far  as  we  are  aware)  any  other  regulation  in  the 

'  Board  of  Trade  Notice  to  Passengers,  1887,  Appendix  I. 
2  1892,  s.  145. 
^  Buck's  Hygiene. 

*  Passenger  ships  provided  with  proper  distilling  apparatus  are  required  to  store  only 
half  of  this  amount. 
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above  instructions  for  the  supply  of  water  to  persons  on  board  ships  of  war. 
The  supply  to  passenger  ships  is  indicated  in  the  preceding  paragraph.  On 
merchant  ships  the  allowance  is  usually  three  quarts  per  man.  Sometimes 
we  are  told  that  the  rule  is  '  sufficient  without  waste,'  or  that  the  supply  is 
'  unlimited.' 

Purification  of  Water. — For  information  as  to  the  methods  for  purifying 
water,  the  reader  is  referred  to  Vol.  I.,  p.  253. 

Beverages  other  than  Water. — The  spirit  ration  on  board  ships  of  war  is 
^  of  a  pint  daily.  Grog  is  not  now  an  allowance  on  merchant  ships.  Coffee 
is  a  favourite  drink  of  merchant  seamen  and  fishermen,  but  does  not  form 
part  of  the  ration  on  board  a  ship  of  war.  Tea  and  chocolate  are,  however, 
issued  daily.  Firemen  use  considerable  quantities  of  oatmeal  and  water. 
According  to  Bourel  Eonciere,  the  stokers  in  the  French  Navy  consume  large 
quantities  of  acidulated  water  (three  or  four  quarts  in  a  watch),  the  result 
of  which  is  seriously  detrimental  to  health. 

In  the  French  Navy,  Bordeaux  and  other  light  wines  are  used  on  ship- 
board.^ We  agree  with  Fonssagrives  as  to  the  desirability  of  introducing, 
beer  into  the  services  afloat  as  a  hygienic  and  anti-scorbutic  beverage.  If  it 
were  possible  either  to  ship  it  in  sufficient  quantity,  or  to  brew  it  on  board,, 
the  substitution  of  beer  for  the  spirit  ration  would  be  a  great  benefit  to  the 
seamen. 

Clothing 

Owing  to  the  peculiarly  hygrometric  condition  of  the  marine  atmosphere,^ 
and  the  rapidity  of  change  from  one  climate  to  another,  clothing  at  sea  is- 
even  more  important  in  relation  to  health  than  on  shore.  The  exposure  of 
the  sailor  or  fisherman  to  bad  weather  whilst  on  duty  makes  it  more  urgent, 
that  his  garments  should  be  a  protection  against  wetting  than  is  necessary 
in  the  case  of  most  other  occupations.  The  material  of  the  sailor's  jacket, 
vest,  and  trousers  is  usually  woollen  in  temperate  regions,  whilst  firemen 
wear  hnen  or  cotton  outer  garments.  Cotton  conducts  heat  more  freely  than 
wool.  Flannel  clothing  is  more  porous  than  cotton  or  linen,  but  is  much 
more  hygroscopic  (Pettenkofer).  Waterproof  tarpaulins,  &c.,  for  seamen  and 
fishermen  are  among  the  necessaries  of  Hfe.  The  sailor  is  not  always  pro- 
■^dded  in  this  respect,  and  he  is  proverbially  careless  of  himself.  One  great 
disadvantage  under  which  he  labours  is  that  he  is  without  proper  means  for 
drying  his  wet  clothes.  To  do  this  in  a  close  forecastle  where  he  has  to  sleep 
is  to  expose  him  to  serious  risk  of  contracting  respiratory  disease,  rheumatism,, 
and  other  ailments.  Sailors  are  also  apt  to  put  away  their  recently  washed 
underclothing  in  a  damp  state,  and  to  wear  it  without  having  it  dried — 
another  cause  of  danger  to  health. 

Fabric  for  Clothing. — Turner  ^  gives  the  physical  characters  required  in 
the  material  of  the  clothing  worn  in  the  United  States  War  Navy. 

He  states  that  the  United  States  Navy  regulations  require  that  the  colour 
of  all  fabrics  shall  be  blue,  and  that  the  dye  shall  be  pure  indigo,  which 
may  be  detected  by  maceration  in  fuming  sulphuric  acid.  The  dense  blue 
liquid  (sulphindigotic  acid)  can  be  tested  by  nitric  or  chromic  acid  for  indigo. 

Bleaching  on  immersion  of  the  cloth  in  solution  of  chlorinated  lime, 
and  permanency  of  colour  in  solution  of  caustic  soda,  are  further  tests  of 
indigo ;  whereas  with  Prussian  blue  dyes  the  reverse  is  the  case  with  each  of 
these  tests. 

Kits  and  Outfits. — -In  the  merchant  navy  of  this  country  there  are  no> 

'  Fonssagrives.  -  Buck's  Hygiene. 
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regulations  as  to  the  outfit  of  seamen.  Each  man  provides  for  himself  as 
he  thinks  fit,  and  the  result  is  want  of  uniformity.  Turner  states  that  in 
the  United  States  Merchant  Marine  it  is  dh-ected  by  statute  that  every  vessel 
is  to  be  pro^ided  with  at  least  one  suit  of  woollen  clothing  for  each  seaman. 
Fishermen,  on  the  other  hand,  are  distinguished  by  their  characteristic  dress, 
and  present  a  good  appearance.  The  fishermen  of  Cullercoats,  for  example, 
on  going  out  to  fish  at  night,  generally  wear  a  jersey  and  an  oilskin,  with  or 
without  a  waistcoat  underneath  the  latter,  according  to  season,  &c.  The  head 
is  protected  by  an  oilskin  sou'wester  in  rough  weather ;  at  other  times  by 
a  cap  of  cloth  or  sealskin.  The  feet  and  legs  to  above  the  knees  are  encased 
in  sea-boots,  and  the  trousers  are  often  made  of  oilskin.  The  underclothing 
is  of  thick  wool. 

The  regulation  hit  for  seamen  in  the  British  Eoyal  Navy  ^  is  compared 
with  that  of  other  countries  in  the  table  on  the  following  page. 

In  the  hst  we  notice  with  iDleasure  the  presence  of  two  sanitary  requisites 
in  the  kit  of  the  French  man-of-war's-man— ^iz.  toilet  and  tooth  brushes, 
and  would  be  glad  if  they  were  provided  for  the  British  sailor.  The 
hygienic  advantage  of  warm  underclothing  for  seamen  need  not  be  en- 
larged on.  An  item  recommended  by  the  Sm'geon- General  of  the  United 
States  Navy,  and  spoken  of  with  favour  by  both  Wilson  and  Turner,  is  the 
cholera  belt,  a  gkdle  of  flannel  about  forty  inches  long  by  four  wide,  to  wear 
in  warm  climates,  for  the  prevention  and  cure  of  dysentery.  It  is  said  to 
afford  support  to  the  abdominal  walls,  and  to  be  very  useful  as  a  protection 
against  chills,  &c.  It  is  the  same  as  the  Indian  cummerbund.  Fonssagrives 
also  recommends  it. 

Waterproof  capes  would  be  an  excellent  addition  to  the  clothing  of  the 
sailor. 

The  headgear  consists  of  hats  and  caps.  The  most  suitable  covering  for 
duty  and  comfort  at  present  in  use  is  undoubtedly  the  cap,  which  in  the 
British  Navy  is  made  of  blue  cloth.  Woven  Glengarry  caps  and  Tarn 
o'  Shanter  bonnets  are  specially  adapted  for  the  use  of  sailors  from  the  diffi- 
culty with  which  they  are  blown  off  in  a  gale  of  wind.  Being  porous,  they 
are  weU  ventilated  and  cool.     They  look  well  and  are  very  comfortable. 

The  sailor  of  the  British  Navy  has  one  pair  of  boots  allowed  him ;  shoes 
are  optional.  It  is  a  matter  of  much  importance  that  the  covering  for  the 
sailor's  feet  should  have  soles  adapted  to  the  special  Hfe  of  the  wearer — 
i.e.  for  use  on  deck  and  aloft.  The  sole  should  be  thin  and  rather  pHant. 
For  warm  chmates  the  use  of  sandals  or  shppers  is  desh'able. 

Among  the  most  important  items  of  body  clothing  are  the  woollen  vest 
and  the  jersey.  The  former  is  an  almost  universal  article  of  clothing  among 
Scandmavian  sailors.  From  personal  experience  the  writer  can  testify 
to  the  unwillingness  of  Norwegian  and  Swedish  seamen  admitted  to 
hospital  with  fever  to  allow  themselves  to  be  stripped  of  their  thick,  knitted, 
warm,  and  generally  dirty,  woollen  underclothing,  to  which,  from  long  wear, 
they  have,  in  almost  more  senses  than  one,  become  attached !  The  jersey  is 
close-fitting,  warm,  and  elastic.  As  an  external  garment  of  fishermen,  it 
repels  wet  well,  and  in  appearance  is  most  picturesque. 

'   Uniform  Begtdations  for  Men  and  Boys  of  the  Fleet,  1890. 
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Eegulation  Kit 


British  Royal  Navy 

United  States 
War  Navy ' 

French  War  Navy  '^ 

Monkey  jacket       ....    No. 

1 

1 

Cloak        .        .        .1 

Eound  jacket,  cloth 

1 

Jersey     

Blue  cloth  pea  jacket 

1 
1 

1 

Yareuses .        .        .2 

2 
Pantalons  de  fatigue  2 

Trousers,  blue  cloth 

„        blue  satinet     . 

Pairs 

2 

Serge  trousers 

2 

— 

Blue  serge  frock     . 
„           jumper . 
Drill  frocks     .... 

No. 

2 
2 



G-aiters  (pairs)        .  1 

2  or  more  according 

— 

— 

to  climate 

Duck  jumpers,  with  collars   . 

2 

— 

„     trousers 

4 

Working  jumpers  . 

3 

Black  silk  neckerchief   . 

2 

1 

Hat,  white      .... 

1 

— 

1 
1 

„    felt          .... 

— 

— 

„    straw      .... 

— 

Hat  cover        .... 

1 

— 

Cap  ribbons    .        .        .        • 

2 

Cap,  blue  cloth 

2 

1 

~ 

„   white  cover    . 

2 

— 

2 

„   working 

— 

— 

Flannels 

3 

— 

„        over  shirts 

— 

2 

„         under  shirts    . 

— 

2 

— 

„         drawers    . 

— 

2 

— 

Woollen  drawers    . 

2 

— 

— 

Shirts,  blue  check  . 

2 

— 

4 

„        linen    .... 

— 

— 

„        swansdown 

— 

— 

2 

Cholera  belts  . 

2 

— 

liinen  frocks  . 

— 

2 

„      trousers 

— 

2 

2 

White 

— 

— 

Socks  or  stockings 

Pairs 

2 

2 

2 

„      yarn 

— 

Towels     .... 

.    No. 

2 

Type        .        .        .       - 

1 

-~ 

Knife  with  two  lanyards 

1 

— 

Shoes       .... 

.  Pairs 

— 

-~ 

1 

„      calfskin 

— 

1 

Boots       .... 

1 

— 

— 

Bed  covers 

'.   No. 

2 

— 

— 

Bed 

1 

— 

Blanket  .... 

1 

1 

— 

Mattress .        .        .        • 

— 

1 

— 

Tricots,  cotton  (or  knitted  c 

ottoi 

shirts)  .... 

— 

— 

4 

Duck  bag 

1 

— 

Grand  sac  (linen)  . 

— 

— ■ 

Petit  sac          .        .        . 

— 

— 

Collars     .... 

„ 

3 

— 

— 

Cravats,  wool 

„ 

— 

— 

„        lasting 

„ 

— 

— 

Muffler    .... 

•      )j 

1 

— 

Brushes  (clothes,  shoe) 

„ 

1 

— 

„        (toilet  and  tooth) 

— 

— 

Scrubbing  brush    . 

„ 

1 

— 

— 

Comb       .... 

„ 

1 

— 

Hood       .... 

„ 

— 

— 

Ditty  box 

t! 

1 

— 

— 

Soap  bag 

1> 

1 

— 

Optional— Waterproof  coat,   sou 

wester,  leggings,  pair  of  shoes   .      „ 

1 

Among  other  articles  of  clothing  to  be  condemned  are  the  Norwegian^ 
soft  leather  jackets,  or  sleeved  vests,  lined  with  flannel,  much  worn  by  sea- 

1  Wilson's  Naval  Hygiene,  1879.  In  addition  to  the  articles  above  named  in  the 
American  kit,  are  numerous  small  stores  (thread,  ribbon,  tape,  pocket-handkerchiefsj. 
brushes,  &c.)  which  cannot  well  be  compared  with  items  in  the  British  kit. 

^  Fonssagrives,  Hygiine  Navale,  1877. 
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men  who  can  afford  to  pay  for  them.  These  jackets  cost  25s.  and  upwards 
each.  They  are  warm,  wear  well,  and  look  well,  even  when  old,  but  have 
no  ventilation,  and  are  therefore  very  unhealthy. 

The  seaman's  clothing  is  usually  kept  in  his  bag  or  chest.  The  former  is 
more  easily  carried,  but  is  less  tidy,  and  has  no  lock.  The  chest  is  often  used 
as  a  table,  or  the  sailor  may  sit  on  it,  straddlewise  and  secure,  in  a  tossing 
ship.  In  schooners  and  other  small  vessels  the  wet  clothing  hangs  in  the 
forecastle,  filling  the  air  of  the  place  with  moisture. 


Health,  Disease,  Accident,  and  Death  at  Sea 

Sickness  and  Mortality  of  Navies,  dc. — The  benefits  of  hygienic  reform 
are  nowhere  shown  to  greater  advantage  than  in  the  British  Eoyal  Navy. 
In  former  times  the  life  of  the  man-of-war's-man  was  worth  but  little,  for, 
apart  from  the  risk  to  which  he  was  exposed  from  any  national  enemy,  his 
health  was  continually  in  great  danger  from  disease  of  one  kind  or  another. 
In  proof  of  this,  we  may  cite  Dr.  Guy,i  who  states  that  out  of  961  men  in 
Anson's  fleet  (a.d.  1742)  there  were  in  nine  months  no  less  than  626  deaths, 
^  or  very  nearly  two  out  of  three  !  '  '  Even  so  late  as  1780,  Sir  Gilbert  Blane 
found  that  a  fleet  manned  with  between  7,000,  and  8,000  men  had  in  one 
year  lost  one  in  every  seven  '  from  scurvy  alone.  The  same  authority  gives 
the  strength  and  mortality  of  the  English  Eoyal  Navy  in  1779,  from  which 
we  calculate  that  its  rate  of  sickness  was  no  less  than  408  per  1,000,  and  its 
mortality  23-6  per  1,000  from  all  causes.  Sir  Gilbert  Blane's  tables,  as 
quoted  by  Dr.  Guy,  give  corresponding  statistics  for  subsequent  years,  from 
which  we  gather  that  the  rate  of  sickness  in  the  British  fleet  was  as 
follows  : — 

Bate  of  Sickness  per  1,000  Strength  of  the  British  Fleet  in  the  Under -mentioned  Years. 

No.  of  cases 

of  sickness 

per  1,000  men 


No.  of  cases 

A.D. 

of  sickness 
per  1,000  men 

A.D. 

1782     . 

.     229 

1799 

1795     . 

.     205 

1804 

1797     . 

.     171 

1805 

1798     . 

...     131 

1806 

122 
76 
67 
64 


The  steady  improvements  in  these  years  marks  the  progress  of  the  practice 
of  sanitation,  of  which  the  use  of  lime  juice  and  the  improved  ventilation  of 
ships  were  important  features.  How  these  returns  are  surpassed  by  the 
excellent  results  of  recent  times  will  presently  appear.  Levy  ^  states  that  in 
1698,  in  the  Southern  Seas,  the  fleet  of  De  Wert  had  a  mean  annual 
mortality  of  49*1  per  cent. ;  that  of  the  fleet  of  Admiral  Lancaster  (1610)  was 
33  per  cent,  (due  to  scurvy,  &c.).  It  is  not  to,  be  understood  that  these  experi- 
ences were  universal.  Thus  Cook,  in  1772,  lost  only  1-2,  and  in  1778,  I'B 
per  cent.  The  rate  with  Parry  in  the  expedition  of  1819  was  '7,  and  that  of 
1821  was  2-1,  and  in  1824  was  still  further  reduced  to  -5. 


Public  Health, 


Traits  d' Hygiene. 
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The  following  are  the  returns  of  the  health  of  the  British  Eoyal  Navy  at 
the  present  time  : — 

British  Eoyal  Navy 

{From  the  Statistical  Rej^ort  of  the  Health  of  the  Navy  for  1891.) 

Average  daily  sick-rate     ....         41-23  per  1,000. 
Finally  invalided  out  of  the  service  .     910,  or  16-34         ,, 
Deaths 344,  or  6-17  ' 

Death-rate  from  disease  alone,  4-68,  and  from  injury  alone,  1-49  per  1,000.^ 
The  Sick  List  includes,  inter  alia:  — 

Cases         Deaths 
Small-pox 17  Q 

Measles 93  Q 

Scarlet  fever 58  1 

Influenza 3,527  6 

Diphtheria 2  0 

Simple  continued  fever         .......  1,894  1 

Enteric  fever 206  46 

Cholera  (East  Indies  and  China  Stations)    ....  50  29 

Dysentery 51  i 

Malarial  diseases 1,559  14 

Septic            „               42  6 

Venereal        „         Syphilis,  primary      3,031  1 

T         1  ,ir,<  f      •         •         •     4,525  4^ 

„        secondary  1,494  J 

,,       gonorrhoea,  &c.          .        .         .  4,015  1 

Eheumatism 2,503  4 

Tubercular  diseases      ........  42  15 

Diseases  of  nervous  system 1,390  10 

„          circulatory  system 262  23 

,,         respiratory  system 745  72 

„          digestive  system 6,455  15 

„          urinary  and  genej:ative  system  ....  491  5 

,,          connective  tissue  and  skin 8,193  1 

Poisoning 31  1 

Wounds  and  iniuries,  general,    172 -i 

I  .         .         .  9  912         7Q 

local,     9,740/ *^'^  '^ 

Suicide 4 

Merchant  Service  of  the  United  Kingdom.^— The  number  of  masters  and 
seamen  reported  to  the  Eegistrar-General  of  Shipping  and  Seamen  as  having 
died  in  merchant  vessels  registered  in  the  United  Kingdom  during  the  year 
1886  was  2,249  (521  in  the  first,  and  1,728  in  the  second  half  of  the  year). 
The  information  is  reported  ]principally  by  the  masters  of  the  vessels.'  The 
numbers  and  causes  of  deaths  in  steam  and  sailing  vessels  respectively  are 
shown  in  the  table  on  the  next  page  : — 

'  N.B.  Invaliding.     To  what  extent  does  this  affect  published  death-rate  ? 

"  For  details  of  the  above  statistics  as  regards  the  different  naval  stations,  see  Heal'th 
of  the  Navy,  1891. 

3  Merchant  Service  Board  of  Trade  (No.  325)  to  the  House  of  Commons,  August  4, 
1888  (extracts  from  and  calculations  based  thereon). 
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Number  and  Causes  of  Death  in  Merchant  Vessels  registered  in  the  United  Kingdom  and- 
the  Isle  of  Man,  of  Masters  and  Seamen,  reported  to  the  Eegistrar-General  of  Shii}- 
joing  and  Seamen  in  1886-7,  and  appropriated  to  the  Year  1886.' 


Vessels 

Causes  of  death 

Steam  deaths 

Sailing  deaths 

Total  deaths 

Yellow  fever 

4 

38 

42 

Ague     ........ 

6 

1 

7 

Continued  fevers 

70 

50 

120 

Small-pox    ....... 

5 

2 

7 

Measles 

— 

— 

— 

Diseases  of  tlie  brain  and  nervous  system    . 

63 

80 

93 

,,            „      heart  and  great  blood-vessels 

44 

43 

87 

,,             ,,      respiratory  organs 

44 

17 

61     ; 

Consumption        ...... 

26 

36 

62         \ 

Diseases  of  the  digestive  organs  : 

(a)  Cholera       .... 

33 

21 

54 

(fe)  Dysentery  .... 

13 

24 

87 

(c)  Diarrhoea, inflammation,  &c. 

36 

27 

63 

Diseases  of  urinary  and  genital  organs  (in- 

cluding venereal  diseases) 

9 

13 

22 

Diseases  of  the  skin,  &c.  (abscess,  ulcers, 

gangrene,  tumours,  and  erysipelas)  . 

6 

2 

8 

2 

— 

2 

Scurvy          ....... 

— 

1 

1 

Other  diseases 

6 

5 

11 

Natural  causes 

2 

4 

6 

315 

500 

875 

(fo)             ,,           casualty 

32 

34 

66 

3 

5 

8 

{d)         „        ,,     casualty 

3 

8 

11 

(e)  Drowned  by   accident 

other  than  wreck  or 

casualty  . 

141 

209 

850 

(/)  Other           accidental 

deaths     . 

63 

66 

129 

Murder  and  homicide  .... 

3 

3 

|6 

Suicide 

26 

19 

45 

Unknown  causes 

Total       .         .         .        .        . 

69 

7 

76 

1,024 

1,225 

2,249 

The  rate  of  mortality  of  the  British  Mercantile  Marine  (merchant  vessels)- 
calculated  on  the  deaths  reported  dm-ing  1886,  and  the  total  crews  in  1887 
{see  p.  577)  is  lO'S  per  1,000.  The  rate  for  the  crews  of  steam  vessels  is  9*6, 
and  for  sailing  vessels  21  per  1,000. 

Eetnrns  of  the  deaths  oi  fishermen  under  all  circumstances  are  not  avail- 
able. The  Eegistrar-General  of  Shipping  states  the  number  of  those  who 
died  in  fishing  vessels  during  the  year  1886  at  129.  This  relates  almost 
entirely  to  accidental  deaths,  eleven  only  being  assigned  to  other  causes. 
The  rate  of  death  calculated  on  the  above  number  (129),  and  the  total 
number  of  persons  constantly  engaged  in  fishing  under  the  Fisheries  Act 
during  1887,  is  1-8  per  1,000. 

Dr.  Ogle,  in  his  Supplement  to  the  45th  Annual  Report  of  the  Eegistrar- 
General  of  England,  gives  the  mean  annual  death-rates  per  1,000  Uving 
fishermen  in  the  three  years  1880-2  as  8*32,  at  ages  from  twenty-five  to 
forty-five  years,  and  19'74  at  ages  from  forty-five  to  sixty-five  years ;  but 
states  that  these  figures  '  must  be  accepted  with  some  degree  of  hesitation,' 
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owing  to  the  uncertainty  attaching  to  the  numbers  of  hving  and  of  deceased 
fishermen , 

Comparison  of  the  foregoing  statistics  with  those  of  a  previous  modern 
period  may  be  usefully  made  by  means  of  the  following  tables  obtained  from 
a  paper  on  the  '  Health  of  Merchant  Seamen,'  i  by  J.  0.  M'Wilham,  M.D., 
Medical  Inspector  of  Her  Majesty's  Customs  : — 

Table  slioiuing  the  Deaths  from  all  Causes  on  hoard  Merchant  Ships  of  the  United 
Kingdom  and  Channel  Islands,  employed  in  the  Home  and  Foreign  Voyages  during 
the  following  Years,  viz.  : — 


Royal  Navy,  Foreigyi  and  Home  Stations. 

Years 

Eate  of  deaths  per  1,000 

Eate  of  deaths  per  1,000 

1852 

13-82 

From  1830  to  1837  (a  period 

1853 

19-05 

of  peace)  the  mortality   in 

1854 

17-06 

the  Navy  averaged  from  all 

1855 

19-68 

causes  13-8  per  1,000 

1856 

20-40 

15-5 

1857 

19-56 

19-4 

1858 

19-60 

25-8 

1859 

19-68 

— 

1860 

21-91 

— 

Average     . 

.  1                    18-98 

20-25 

Table  shoiving  the  Main  Causes  of  Death  on  board  of  the  Merchant  Ships  of  the  United 
Kingdom  employed  in  the  Home  and  Foreign  Voyages  during  the  following  Years, 


1 
Tears 

Eates  per  1,0C0 

Total  strength  from  each  of  the  uuder- 
meutioned  causes 

Drowning  and 

Causes 

Fevers 

Dysentery 

Scurvy 

other 
accidents 

not 
ascertained 

1852 

4-86 

1-00 

-13 

4-46 

3-35 

1853 

7-55 

1-96 

-08 

5-23 

4-15 

1854 

4-02 

2-40 

-22 

5-71 

4-71 

1855 

4-18 

3-65 

-32 

6-44 

5-09 

1856 

4-67 

•99 

•42 

7-99 

6-53 

1857 

4-61 

•93 

•17 

8-67 

5-14 

1858 

8-40 

1-11 

— 

9-95 

4-93 

1859 

2-76 

1-22 

-21 

9-14 

5-09 

1860 

2-69 

1-34 

•14 

11-95 

5-02 

Average 

1 

4-30 

1-62 

-22 

7-72 

4-88 

N.B.  the  steady  fall  of  deaths  from  fevers,  and  as  steady  rise  of  deaths 
from  drownmg,  in  the  successive  years  of  this  Table. 

The  rate  of  mortality  in  the  merchant  service  as  a  whole  has,  therefore, 
fallen  from  an  average  of  about  19  to  10-5  per  1,000  in  the  past  quarter 
of  a  century.  The  improvement  is  mainly  due  to  reduction  of  deaths  on 
steam  vessels — that  on  board  sailing  vessels  in  the  year  1886  being,  as 
already  shown,  21  per  1,000. 

No  returns  are  issued  by  the  Board  of  Trade  relative  to  the  sickness  (not 
fatal)  of  seamen. 

Judging  by  the  experience  obtained  in  the  River  Tyne  Port  as  to  the 


1  Trans.  Nat.  Assoc,  for  Promotion  of  Social  Science,  1862. 
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zymotic  diseases,  and  ailments  somewhat  resembling  those  diseases,  admitted 
into  the  Floating  Hospital  of  the  sanitary  authority  during  the  nine  years 
1881-9  inclusive,  the  most  frequently  occurring  febrile  disorder  among 
merchant  seamen  is  enteric  fever.  Following  this,  in  order  of  numbers, 
are  small-pox,  continued  fever  and  febricula,  scarlet  fever,  erysipelas,  measles 
and  German  measles,  diphtheria,  African  Coast  fever.  It  is  unnecessary  to 
state  that  impHcit  reliance  should  not  be  placed  on  any  mere  statement  of 
admissions  to  a  hospital  as  a  criterion  of  the  relative  liabihty  of  seamen  to 
the  diseases  for  which  they  were  admitted. 

Diseases  of  Sailors  and  Sea-goers  in  general. — The  extent  of  the  relative 
prevalence  of  certain  ailments  among  sailors  may  be  gathered  from  some  of 
the  foregoing  statistics.  Sea-life,  either  with  mariners  or  other  persons,  is, 
]]er  se,  apt  to  give  rise  to  morbid  conditions,  some  of  which  are  more  or  less 
characteristic,  and  one  at  least  is  peculiarly  of  nautical  origin.  Obstinate 
constipation,  lymphangitis,  boils,  and  erysipelas  are  of  frequent  occurrence 
among  sea-goers.  So  formerly  was  scurvy  among  Europeans,  &c.,  and  so  at 
present  is  beriberi,  its  congener,  among  Indian  and  Indo-Chinese  races. 
Ship  fever  is  one  of  the  old  names  for  typhus.  Sea-sickness  is  an  ailment  of 
marine  hfe  only. 

But  sailors  in  particular  have  special  diseases,  the  result  of  their  sur- 
roundings and  the  life  they  lead.  Patissier,^  in  a  chapter  on  the  'Maladies 
des  Marins,'  says  seamen  are  subject  to  contagious  fevers,  scurvy,  cohc, 
diarrhoea,  itch,  ennui,  hypochondriasis,  melanchoHa,  nostalgia,  sea-sickness, 
the  effects  of  vicissitude  of  climate,  catarrhal  affections,  intermittent,  remit- 
tent, bilious,  putrid,  ardent  and  exanthematic  fevers,  rheumatism,  dysentery  ; 
in  the  tropics  to  cephalalgia,  '  des  douleurs  rebelles,  des  boutons,  le  dragon- 
neau,'  He  points  out  that  on  the  open  sea  there  is  generally  less  sickness 
than  along  the  coasts. 

Lind  specifies  among  the  diseases  most  prevalent  among  crews  of  ships 
in  the  northern  seas,  catarrhs,  rheumatism,  plearisy,  and  pneumonia. 

Turner  ^  mentions  typhus  and  yellow  fevers  as  peculiarly  diseases  of  ships  ; 
and  rheumatism,  phthisis,  cutaneous  and  venereal  affections  as  also  being 
prevalent  among  crews. 

Scurvy  is  perhaps  the  disease  above  all  others  associated  in  the  popular 
mind  with  the  life  of  the  seaman.  Full  particulars  as  to  the  history,  causes, 
pathology,  and  prevention  of  this  scourge  of  ships  may  be  found  in  the  writ- 
ings of  Lind,  Alexander  Armstrong,  Macdonald,  Wilson,  Blyth  ('  Dictionary 
of  Hygiene  ').  The  Eeport  for  1863  of  the  Medical  Officer  to  the  Privy 
Council  contains  an  excellent  monograph  on  scurvy  in  the  Mercantile  Marine 
by  Dr.  E.  Barnes,  with  some  important  observations  by  the  Medical  Officer 
(Mr.  Simon)  ;  and  the  half-yearly  reports  of  the  present  Medical  Officer  of 
Health  of  the  Port  of  London  ^  give  valuable  information  as  regards  the 
prevalence  of  the  disease  in  recent  years,  and  its  explanation.  Among 
French  writers  on  this  subject,  Fonssagrives  may  be  specially  named. 

Cholera  is  closely  connected  with  ships,  and  the  contagion  of  it  is  in- 
variably brought  by  them  to  this  country.  An  account  of  this  disease  and 
its  prevalence  in  Europe  during  1884-5  wiU  be  found  in  the  Report  of  Dr. 
Thorne  to  the  Local  Government  Board  in  1886.  Other  Blue  Books  and 
numerous  medical  works  describe  it  from  different  points  of  view. 

Yellow  fever  also  belongs,  in  a  sense,  to  ships  and  seamen.  Commencing 
usually  in  the  '  sailor  quarter  '  of  towns,  it  is  carried  aboard  either  by  fomites 

>  TraiU  des  Maladies  des  Artisans.    Paris,  1822. 

*  Buck's  Hygiene.     Art.  '  Hygiene  of  the  Naval  and  Merchant  Marine.' 

*  Dr.  William  Collingridfre. 
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or  clothing,  &c.,  or  in  the  person  of  one  of  the  ship's  company,  in  the  incuba- 
tory stage  of  the  disease,  and  is  there  spread  among  the  crew,  and  conveyed 
to  other  countries,  occasionally  to  England. 

The  special  duties  of  certain  men  engaged  on  shipboard  subject  them  to 
disorders,  the  dkect  result  of  those  duties.  Attempts  have  been  made  by 
Fonssagrives  and  others  to  classify  the  diseases  of  seamen  according  to  their 
particular  occupations.     Thus  it  appears  that — 

Men  engaged  aloft  are  very  subject  to  cardiac  hypertrophy,  palmar 
psoriasis,  hernia,  excoriations  on  the  anterior  aspect  of  the  thighs  and  legs, 
traumatic  lesions  of  the  hands  and  feet,  &c.  Arnould  ^  mentions  '  laryngites 
des  gabiers '  as  a  special  ailment  of  this  set  of  sailors. 

Boatmen  suffer  from  the  effects  of  long  exposures  and  frequent  wettings, 
and  in  addition,  according  to  Fonssagrives,  to  disease  due  to  excessive 
drinking. 

Steersmen  are  Hable  to  accidents  from  the  wheel,  &c.  Prolonged  effort  to 
keep  on  the  alert  for  whistles  and  signals  during  fogs,  &c.,  coincident  with 
exposure  to  damp  and  cold,  tends  to  cause  various  diseases  of  the  organ  of 
hearing.  Dr.  Cane  ^  has  recently  shown  that  '  sailors  are  particularly  liable 
to  acute  and  sub-acute  ailments  of  the  ear.' 

Looh-out-men  are  said  by  Fonssagrives  to  suffer  from  weak  sight,  with 
amblyopia,  photophobia,  circumorbital  pains  and  loss  of  accommodation. 

Those  whose  duties  confine  them  much  to  the  interior  of  the  ship,  cooks, 
bakers,  storekeepers,  men  working  in  the  hold,  &c.,  are  anemic  and  debili- 
tated. Painters  on  shipboard,  as  on  shore,  are  apt  to  suffer  from  lead- 
poisoning  (colic,  &c.) 

Work  under  conditions  of  high  temperature,  as  in  the  performance  of  the 
duties  of  engineer,  stoker,  &c.,  is  insalubrious.  Thus  Fonssagrives  states  that 
among  this  class  there  are  many  sick,  then'  ailments  being  anaemia,  acute 
inflammations,  and  other  ailments  arising  from  suppression  of  perspiration 
on  sudden  changes  from  heat  to  cold ;  in  extreme  cases,  vertigo,  debihty, 
stupor,  convulsions,  or  coma.  The  glare  and  heat  of  the  fires,  especially 
when  followed  by  sudden  changes  to  opposite  conditions,  seriously  injure  the 
eyes,  causing  conjunctivitis,  corneitis,  iritis,  choroiditis.  Hemeralopia  or 
night-bhndness  is  mentioned  by  various  authors  as  a  common  ailment  of 
firemen.  '  Fireman's  heart,'  a  special  disease  characterised  by  atony  of 
the  organ,  was  described  by  Levick,  of  Philadelphia,  and  is  referred  to  by 
Turner  ^  and  other  authors.  Phthisis  is  also  prevalent  among  men  of  this 
class. 

The  disease,  once  so  prevalent  among  the  crews  of  French  men-of-war, 
and  described  by  many  writers  as  colique  vegetale  or  colique  seche,  which 
has  long  been  known  to  have  been  plumbism,  was  one  affecting  firemen  and 
engineers  more  than  other  persons  on  shipboard.  At  the  present  day  it  is 
difficult  to  understand  how  the  real  nature  of  this  affection,  which  is  stated 
by  Boudin*  to  be  '  one  of  the  most  grave  maladies  of  hot  cHmates,'  and 
which  was  met  with  principally  on  French  steamships,  could  so  long  remain 
misunderstood.  Boudin  appears  to  be  surprised  at  the  absence  of  reference 
to  it  in  English  medical  hterature.  He  makes,  at  considerable  length,  a 
differential  diagnosis  between  coligue  seche  and  lead  colic,  and  quotes 
Kochard,  who  states  positively  that  the  former  is  not  lead  poisoning. 
Numerous  theories  of  the  most  opposite  character  were  promulgated  with 
regard  to  it.     It  was  described  by  Segond  as  neuralgia  of  the  great  sym- 

1  Nouveaux  EUments  d'Hygiene.  "  Lancet,  April  13,  1889. 

^  Buck's  Hygiene.        *  Traiti  de  Gdographie  et  de  Statistigue  Medicates.     Paris,  1857. 
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pathetic,  by  Langevinas  as  rheumatic  gastro-enteralgia,  by  Fonssagrives  (who 
afterwards  admitted  his  error)  as  nervous  endemic  cholera  of  hot  countries ;  and 
as  stoker's  cohc,  and  under  other  titles  by  other  observers.  Colique  vegetale,  in 
the  words  of  De  Mericourt,  '  gave  rise  to  innumerable  treatises,  and  moreover 
put  the  physicians  of  the  French  marine  into  the  highest  passion  for  thirty 
years.'  ' 

M.  Le  Fevre  at  last  demonstrated  beyond  dispute  that  colique  vegetale 
was  nothing  more  or  less  than  lead  poisoning,  due  chiefly  to  impregnation  of 
the  drinking-water  with  that  metal  from  the  tubes  of  a  distilling  apparatus 
then  in  the  use  of  the  French  Navy,  the  solder  of  joints  in  connection  with 
the  feeders  of  water-tanks,  &c.  The  large  amount  of  water,  &c.,  consumed 
by  stokers  at  once  accounted  for  the  great  prevalence  of  the  disease  among 
this  class. 

Boiler-cleaners  are  liable  to  asphyxia.  Admiralty  Instruction,  No.  1,229, 
enjoins  precautions  against  this  casualty. 

The  sailor's  life  is  threatened  at  one  time  by  congelation,  at  another  by 
insolation  or  fulguration.  Numerous  traumatic  accidents  may  befall  him, 
including,  on  steamships,  explosions.  Few  catastrophes  are  more  appalling 
than  that  of  a  ship  on  fire.  Finally,  in  storms  he  may  be  washed  overboard, 
or  his  vessel  may  be  lost  with  all  hands. 

Fishermen. — '  The  lot  of  the  fisherman,'  says  Patissier,  writing  sixty 
years  ago,  '  is  worthy  of  compassion.  .  .  .  Their  garments,  continually  wet, 
subject  them  to  all  disorders  depending  on  suppressed  transpiration,  acute 
fevers,  rhemnatism,  pleurisy,  pneumonia,  catarrhs,  and  other  pectoral  ail- 
ments.' The  same  vrriter  describes  this  class  as  cachectic,  and  dropsical 
from  fish  diet;  liable  to  obstinate  ulcer  of  the  leg,  constipation  ;  they  are  in 
danger  of  loss  of  life  at  sea.  Let  us  compare  the  foregoing  with  the  results 
of  the  more  precise  and  wider  observation  of  Dr.  Ogle,^  remembering  always 
his  caution  as  to  implicit  reliance  on  the  completeness  of  his  records. 
Dr.  Ogle  says  :  '  Taking  them  (the  statistics)  as  they  stand  in  the  table  .  .  . 
fishermen  are  a  remarkably  healthy  set  of  men,  rivalhng  in  this  respect  the 
igriculturists.  .  .  .  The  mortality  figures  for  nervous  diseases,  for  phthisis, 
and  for  diseases  of  the  respiratory  organs  are  remarkably  low.  The  fisher- 
man .  .  .  has  a  much  higher  mortahty  than  the  farmer  from  diseases  of 
the  heart  and  other  organs  of  circulation.  .  .  .  The  mortality  of  fishermen 
from  accidents  is  exceedingly  high.  .  .  .  Out  of  105  deaths  of  fishermen, 
79  were  thus  occasioned.' 

Health  Preservation  and  Hygienic  Rules  at  Sea. — By  an  Order  in  Council, 
dated  January  1864,  'rules  are  in  force  on  board  passenger  ships  for  pre- 
serving order,  promoting  health,  and  securing  cleanliness  and  ventilation.'  ^ 

The  sections  of  the  Merchant  Shipping  Acts  with  respect  to  provisions 
and  water  for  seamen  have  been  already  referred  to.  Under  30  &  31  Vict. 
c.  124,  s.  10,  a  local  marine  board  may  appoint  an  inspector,  whose  duty  it 
shall  be,  on  application,  to  examine  seamen  applying  for  employment. 

S.  230  of  the  Merchant  Shipping  Acts,  1854-1876  (consolidated),  provides 
that  every  foreign-going  ship,  having  one  hundred  persons  or  upwards  on 
board,  shall  carry  a  duly  qualified  medical  practitioner. 

S.  41  of  the  Passengers'  Acts,  1855-1870  (consohdated)  provides  that 
every  passenger  ship  shall  carry  a  duly  qualified  medical  practitioner — 

(1)  When  duration  of  the  intended  voyage  is  computed  to  exceed 

1  Rapport  sur  U  Progrds  de  VHygiine  Navale.  Paris,  1857,  p.  49. 
^  Supplement  to  Forty -fifth  Report  of  the  Registrar-General,  1885. 
*  See  Notice  to  Passengers,  Appendix  H. 
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eighty-five  days  in  the  case  of  sailing-ships,  and  forty-five  days  in  the 
case  of  steamships,  and  the  number  of  passengers  exceeds  fifty. 

(2)  Whenever  the  number  of  persons  on  board  exceeds  three  hundred. 

Be-vaccination  in  the  Boyal  Navy. — Under  Admiralty  Instruction  No. 
1,157,  all  men  and  boys  entering  the  service  are  to  be  re-vaccinated,  and  if  no 
results  follow  the  operation  is  to  be  repeated.  There  is  no  similar  regulation 
in  the  merchant  service. 

Much  valuable  information  as  to  the  protection  of  health  of  crews  and 
passengers  will  be  found  in  various  reports  of  the  Medical  Officer  to  the 
Local  Government  Board. 


(D)   CAEGOES  AND   OTHER  CONTENTS   OF   SHIPS   IN 
RELATION   TO   HYGIENE 

The  hygienic  condition  of  a  merchant  ship  depends  very  largely  on  the 
nature  of  the  cargo.  Cargoes  may  be  dangerous  to  Hfe  and  health  from  the 
following  causes — viz.  (1)  Infection  ;  (2)  unwholesomeness  or  decomposi- 
tion and  evolution  of  noxious  vapours  or  gases  ;  (3)  combustion  or  '  heat- 
ing ;  '  (4)  '  shifting  '  and  interference  with  the  equilibrium  of  the  vessel. 

Infectious  Cargoes. — One  of  the  most  dangerous  cargoes  on  account  of 
infection  is  that  of  rags,  of  which  a  large  quantity  are  transmitted  by  sea 
from  one  country  to  another.  Thus,  the  State  of  Massachusetts  in  one  year 
consumed  62,922  tons  of  rags  in  the  paper  industry,^  about  40  per  cent,  of 
which  were  imported  from  foreign  ports.  In  1884  rags  were  brought  to  the 
United  States  from  sixty-five  different  countries.  Although  rags  are  shipped 
in  bales  and  tightly  compressed,  the  amount  of  dust  they  give  off  in  the  hold 
of  a  ship  during  unloading  is  sometimes  very  great,  and  speaks  volumes  as  to 
their  unwholesomeness  and  filthiness.  The  attempt  to  secure  disinfection 
of  rags  at  the  port  of  export  before  loading  was  made  by  the  authorities  of 
New  York,  Newhaven,  and  Boston  in  1884,  but  without  success. 

The  diseases  most  likely  to  be  communicated  by  means  of  shipments 
of  rags  are  small-pox  and  cholera.  Infection  of  the  former  of  these  has  un- 
doubtedly been  disseminated  in  this  way  at  paper  mills  both  in  England  and 
America.  As  stated  by  Dr.  Buchanan  in  his  memorandum  (August  1883)  as 
to  rags  from  Egypt,  '  it  is  not  known  that,  as  a  matter  of  fact,  cholera  has  ever 
been  introduced  into  England  by  rags.'  There,  is  however,  great  reason  to 
fear  danger  from  this,  and  accordingly  the  Local  Government  Board  have 
from  time  to  time  since  1882  issued  orders  prohibiting  the  landing  at  British 
ports  of  rags  from  cholera-infected  countries,  unless  under  precautionary 
conditions  as  regards  disinfection.  Occasionally  other  fabricated  material 
infected,  or  suspected  to  be  so,  forms  part  of  the  cargo,  and  has  to  be  dealt 
with  accordingly.  Thus,  in  1884,  the  Medical  Officer  of  the  Port  of  London 
(Dr.  Collingridge)  was  called  on  to  deal  with  a  consignment  of  cast-off  regi- 
mentals from  Egypt,  worn  by  the  army  of  occupation  in  the  previous  year, 
and  afterwards  sold.  In  the  absence  of  information  they  were  treated  as 
suspected  and  disinfected  by  superheated  steam. ^  The  clothing  of  persons 
dying  abroad  of  infectious  disease  is  occasionally  sent  home  to  England 
without  satisfactory  evidence  of  proper  disinfection,  and  has  to  be  dealt  with 
on  reaching  its  destination.  Thus,  the  chests  of  a  ship's  officer  who  had  died 

'  Eighteenth  Annual  Report  of  the  State  Board  of  Health  of  Massachusetts,  1887. 
2  Beport  of  the,  Medical  Officer  of  Health  to  the  Fort  of  London  for  Half-year  ended 
June  1884. 
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of  cholera  in  China  were  forwarded  to  Newcastle-upon-Tyne  in  1889,  and 
were  aftewards  disinfected  by  the  Health  Department  of  the  Sanitary 
Authority. 

Cargoes  may  be  foul  by  nature,  apart  from  any  question  of  specific  in- 
fection. Thus,  consignments  of  hve  animals,  fish,  fruit,  potatoes,  bones, 
rotten  grain,  onions,  manure,  guano,  &c.,  are  apt  to  be  a  nuisance  and 
injurious  to  health.  Large  quantities  of  frozen  meat  are  now  brought  by 
ships  to  this  country,  whole  cargoes  of  which  are  sometimes,  from  accidental 
causes,  more  or  less  decomposed  on  arrival,  and  have  to  be  destroyed.  Such 
material  on  board  in  such  quantities  as  are  actually  met  with  necessarily 
renders  the  vessels  very  unealthy. 

Some  cargoes  are  liable  to  undergo  spontaneous  combustion  to  a  greater 
or  less  extent,  and  endanger  the  ships  and  those  on  board.  Lime,  soda,  or 
potash,  to  which  the  sea- water  has  found  access,  will  set  a  ship  on  fire. 
Among  other  articles  hable  to  undergo  spontaneous  combustion  the  following 
may  be  mentioned  as  specially  dangerous — viz.  sugar,  grain,  tarpauhn,  coal, 
greasy  wool,  cotton,  hemp,  and  rags.  Dr.  Colluigridge,  in  the  report  above 
quoted,  mentions  a  noteworthy  instance  of  a  sailing  barge  with  a  foul  cargo 
of  spent  lime  from  a  gasworks.  The  lime  had  heated,  and  '  the  fumes  given 
off  were  so  intense  that  it  was  impossible  to  navigate  the  vessel.  The  master 
and  crew  had  quite  lost  their  eyesight  (temporarily),  and  a  woman  and  two 
children  had  been  taken  ill.' 

The  heating  of  rice,  seeds,  and  similar  cargoes  in.  iron  ships  is  sometimes 
due  to  condensation  of  the  vapour  from  the  grain  against  the  ironwork  of 
the  hold,  the  hquid  flowing  along  the  deck  and  beams  to  the  lee  side  of 
the  vessel,  trickling  down  the  waterways  and  stringer-plates,  and,  ia  the 
absence  of  scuppers,  overflowing  on  the  cargo. ^ 

On  timber  ships  the  steam  from  staves  and  other  cargo  may  sometimes 
be  seen  issuing  from  the  hatchways. 

The  Board  of  Trade  Eetm-ns  show  that  from  1871  to  1881,  231  vessels 
were  lost  or  damaged,  and  seventy-five  persons  lost  their  lives,  owing  to 
explosions  of  coal  gas  or  spontaneous  combustion  of  coal  cargoes.^ 

Certain  materials  as  cargo,  such  as  grain  ia  bulk,  &c.,  are  dangerous  for 
another  reason,  viz.  tendency  to  '  shift '  under  the  movements  of  the  ship, 
and  thus  lead  to  foundering.  Sec.  22  of  39  &  40  Vict.  c.  80  provides  that 
'  no  cargo,  of  which  more  than  one-third  consists  of  any  kind  of  grain,  corn, 
rice,  paddy,  pulse,  seeds,  nuts,  or  nut  kernels  .  .  .  shall  be  carried  on  any 
British  ship  unless  .  .  .  contained  in  bags,  sacks,  or  barrels,  or  secured 
from  shifting  by  boards,  bulkheads,  or  otherwise.' 

Cargoes  and  Dangerous  Goods  on  Passenger  Shijjs. — The  coasting  pas- 
senger boats  between  the  Thames,  Tyne,  and  other  ports  usually  carry  general 
cargo  also.  Under  the  Passengers'  Acts  no  '  passenger  ship  '  shall  clear  out 
or  proceed  to  sea  if  there  shall  be  on  board  as  cargo,  horses,  cattle,  gun- 
powder, vitriol,  lucifer  matches,  guano,  or  green  hides,'  or  other  articles 
'  hkely  to  endanger  the  health  or  hves  of  the  passengers  or  the  safety  of  the 
ship.'  36  &  37  Vict.  c.  85,  s.  23,  places  restrictions  on  the  carriage  by  sea 
of  dangerous  goods  (explosives,  &c.)  without  distinctly  marking  the  nature 
of  the  article  on  the  outside  of  the  package.  Under  39  &  40  Vict.  c.  80, 
s.  24,  any  ship,  whether  British  or  foreign,  arriving  in  a  port  of  the  United 
Kingdom,  and  carrying  timber  as  deck  cargo,  renders  the  master  liable  to 
penalty. 

»  Shipping  Gazette,  May  24,  1889. 

2  Trans.  Inst.  Naval  Architects,  1884.     Art.  '  Ventilation  of  Merchant   Ships,'   by 
James  Webb,  Surveyor  to  Lloyd's. 
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(E)   POET   SANITATION   AND   SPECIAL   MEASUEES  FOE   THE   PEEVENTION 
OE   DISEASE    ON    SHIPBOAED 

The  object  of  the  sanitary  supervision  of  ships  is  twofold.  It  aims  at 
(1)  the  protection  of  the  health  of  those  on  board,  and  (2)  the  prevention 
of  the  introduction  of  disease  into  ports  by  ships.  For  this  purpose  three 
sets  of  machinery,  so  to  speak,  are  provided.  The  first  set  operates  prior 
to  the  departure  of  the  ship  on  her  voyage,  and  includes  the  various  details 
for  securing,  as  far  as  possible  before  putting  out  to  sea,  the  housing  of 
crews  and  passengers  under  conditions  necessary  for,  and  favourable  to, 
health.  The  second  refers  to  such  measures  as  are  required  to  maintain  the 
hygiene  of  ships  ab  sea,  and  to  prevent  the  occurrence  of  disease  or  spread  of 
infection  among  persons  whilst  travelling  by  sea.  The  third  relates  to  the 
means  of  ascertaining  the  health  of  ships'  companies  immediately  before 
arrival,  and  subsequently  during  their  stay,  in  port ;  as  also  the  mode  of 
deahng  with  any  cases  of  infectious  disease  on  board  ships  at  these  times, 
and  of  abating  any  nuisances  or  conditions  injurious  to  health  in  connection 
with  vessels  whilst  at  their  moorings.  The  first  and  second  of  these  groups 
of  appliances  have,  with  certain  exceptions,  been  treated  of  in  the  preceding 
pages.  The  third  group  comes  under  a  special  department,  and  includes, 
inter  alia,  the  important  measures  of  isolation  and  disinfection,  which, 
though  they  may  also  have  to  be  practised  on  shipboard  during  the  voyage, 
are  generally  more  effectually  done  in  harbour,  and  therefore  will  be  described 
under  the  head  of  Port  Sanitation. 

Constitution  of  Port  Sanitary  Authorities. — Originally  formed  with  the 
sole  object  of  preventing  the  introduction  of  cholera  and  other  infectious 
diseases  into  this  country,  some  of  the  oldest  of  the  present  port  sanitary 
authorities  of  Great  Britain  were  merely  joint  committees  of  local  sanitary 
boards.  These  joint  committees  were  in  1872  constituted  port  sanitary 
authorities  by  the  Local  Government  Board,  and  the  ports  on  which  their 
districts  abut  were  constituted  port  sanitary  districts.  For  some  years  various 
port  sanitary  authorities  were  at  first  temporarily  constituted,  and  became 
permanent  afterwards.  In  the  year  1886  there  were  in  England  and  Wales 
thirteen  permanent  and  thirty-four  temporary  port  sanitary  authorities,^ 
whose  duty  it  was,  and  is,  as  above  stated,  to  secure  the  good  sanitary  con- 
dition of  vessels  and  the  prevention  of  the  importation  of  infectious  disease. 

The  special  powers  under  which  English  port  sanitary  authorities  act  are 
as  follow : — 

The  Ptiblic  Health  Act,  1875,  ss.  287-291,  provides  for  the  constitution, 
jurisdiction,  and  finances  of  such  authorities  under  iwovisional  orders  of  the 
Local  Government  Board.  S.  110  provides  that,  as  regards  nuisances,  '  any 
ship  or  vessel,  except  those  of  British  or  foreign  Governments,  lying  in  any 
river,  harbour,  or  other  water,  within  the  district  of  a  local  authority  shall 
be  subject  to  the  jurisdiction  of  that  authority  in  the  same  manner  as  if  it 
were  a  house  .  .  . ;  '  and  under  s.  130  the  Local  Government  Board  may 
make,  alter,  or  revoke  regulations  for  the  treatment  and  prevention  of  cholera 
and  other  epidemic  diseases. 

The  Public  Health  {Ships)  Act,  1885,  provides  that  s.  110  of  the  above 

1  Report  on  the  Sanitary  Survey  of  Port  and  Principal  Riparian  Sanitary  Districts, 
1885-86,  by  P.  W.  Blaxall,  M.D.,  Medical  Inspector  to  the  Local  Government  Board.  A 
return  to  the  House  of  Commons  shows  that  by  1887  the  total  number  of  port  sanitary 
authorities  was  fifty-five. 
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Act  shall  have  effect,  not  only  as  regards  nuisances,  '  but  also  for  the  purpose 
of  such  provisions  of  that  Act  relating  to  infectious  diseases  and  hospitals  ' 
as  are  referred  to  in  sections  120,  121,  124-6,  128,  131-3  of  that  Act. 

The  General  Orders  of  the  Local  Government  Board  of  1883  define  the 
duties  of  officers  of  port  authorities,  and  lay  down  regulations  in  case  of 
the  appearance  of  cholera.  The  adoption  of  the  Infectious  Diseases  Notifi- 
cation Act  of  1889  by  port  as  by  other  sanitary  authorities  is  optional. 
Prior  to  the  passing  of  this  Act  the  Local  Government  Board  had  power, 
under  s.  125  of  the  Public  Health  Act,  1875,  to  authorise  regulations  made 
by  a  port  sanitary  authority  for  the  compulsory  notification  and  removal  to, 
and  detention  in,  hospital  of  any  case  of  infectious  disease  on  shipboard. 
Such  regulations  were  in  operation  in  the  London,  Bristol,  and  the  Kiver 
Tyne  Port  Sanitary  Districts  some  years  prior  to  the  passing  of  the  Notifica- 
tion Act  of  1889.  During  and  since  1883  several  Orders  toith  respect  to  rags 
from  cholera-infected  countries  have  been  issued  to  port  sanitary  authorities 
by  the  Local  Government  Board,  and  withdrawn  when  no  longer  required. 

The  Merchant  Shipping  and  Passengers'  Acts  relate  partly  to  matters  of 
hygiene  (accommodation,  space,  conveniences,  ventilation,  lighting,  provi- 
sions, water,  medicines,  antiscorbutics,  health  rules,  dangerous  cargoes,  &c.) ; 
and,  having  been  in  operation  before  the  era  of  port  sanitation,  appear  to 
some  extent  to  take  precedence  in  these  matters  over  the  special  statutes  and 
legal  provisions  above  referred  to,  with  which  they  are  not  always  in  accord. 
Thus,  for  example,  as  regards  accommodation  for  crews,  the  amount  pre- 
scribed, presumably  in  connection  with  purposes  of  lading  only,  dominates 
the  action  of  sanitary  ofiicers,  who  might  hope  in  vain  to  secure  more  space 
per  person  than  the  regulation  seventy-two  cubic  feet  laid  down  by  Her 
Majesty's  Customs.  Again,  on  passenger  ships,  hospitals,  privies,  light  and 
ventilation,  &c.,  are  under  the  approval  of  officials  not  subject  to  the  direc- 
tion of  the  sanitary  authority. 

The  Quarantine  Act  of  George  IV.  is  still  in  operation,  and,  like  the 
Merchant  Shipping  Acts,  is  administered  by  a  body  working  principally  for 
reasons  of  commerce,  and  constituted  long  before  the  present  system  of 
sanitary  authorities  was  in  existence.  Hence  arises  some  overlapping  of 
duties  of  the  respective  departments  {see  '  Quarantine,'  p.  587). 

The  mode  of  procedure  on  the  arrival  of  a  vessel  from  a  foreign  or  colonial 
port  is  thus  described  by  Dr.  Blaxall :  ^ — 

'  At  each  Customs  port  a  station  or  stations  have  been  appointed  by  the 
Commissioners  of  Customs  for  the  boarding  of  vessels  arriving  from  foreign 
or  colonial  ports,  and  captains  are  required  on  arrival  to  take  their  vessels 
with  despatch  to  these  stations  without  touching  at  any  intermediate  place, 
and  not  to  remove  therefrom  except  with  the  knowledge  of  the  Customs 
officer. 

'  The  primary  duty  of  the  Customs  officer  is  to  guard  the  revenue  ;  but  he 
is  further  required  to  exercise  certain  functions  in  respect  of  the  health  of 
ships.  Besides  such  duties,  hardly  more  than  nominal,  imposed  on  him  by 
the  quarantine  laws,  he  has  more  important  duties  in  respect  of  indigenous 
infections  and  of  cholera.  He  has  to  make  inquiry  as  to  the  health  of  the 
port  whence  the  vessel  has  come,  and  as  to  the  health  of  the  crew  and  pas- 
sengers during  the  voyage  home  and  at  the  time  of  arrival.  In  the  event  of 
infectious  sickness  being  reported  to  him,  he  is,  in  compliance  with  instruc- 
tions from  the  Commissioners  of  Customs  (General  Order,  April  20, 1861),  to 
acquaint  the  local  authority  (port  or  riparian,  as  the  case  may  be)  of  the 

'  Rejport  to  the  Local  Government  Board,  1885-86  (Sanitary  Survey). 
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■circumstance.     Upon  this  authority  will  then  devolve  the  responsibility  of 

taking  steps  to  prevent  the  introduction  and  spread  of  the  disease.     For  this 

purpose  the  medical  officer  of  health  is  to  board  the  vessel,  and,  should  he 

find  the  sickness  to  be  of  an  infectious  character,  his  duty  is  to  take  steps  to 

secure  the  isolation  of  the  sick,  together  with  efficient  disinfection  of  the 

vessel,  bedding,  clothes,  &c.,  and  to  satisfy  himself  as  to  the  health  of  the 

rest  of  the  persons  on  board.' 

129 
The  Board  of  Trade,  in  their  General  Order  ^— --  ,  point  out  that  '  unless 

1888 

plague,  yellow  fever,  or  cholera  has  existed  on  board  a  vessel  there  is  no 

legal  authority  for  detaining  her   on  sanitary  grounds ; '  and  direct  their 

officers,  in  cases  of  small-pox,  measles,  &c.,  to  give  notice  to  the  sanitary 

authority  '  if  possible  before  any  sick  person  has  landed  ;  but  the  vessel  should 

not  be  placed  under  detention.'      So  far  as  the  experience  of  the  writer 

enables  him  to  speak,  however,  the  practice  is  to  give  immediate  notice  to 

the  medical  officer  of  health,  and  to  detain  the  vessel  for  a  short  time  (not 

exceeding  a  very  few  hours),  until  he  is  able  to  board  her  and  cause  the 

necessary  action  to  be  taken. 

In  case  of  cholera  on  board  a  vessel,  the  Cholera  Begulations  Order  of 
August  28, 1890,  of  the  Local  Government  Board  is  brought  into  operation,  of 
which  the  following  extracts  include  the  principal  administrative  points  : — 

'  For  the  purposes  of  these  regulations  every  ship  is  to  be  deemed  infected 
with  cholera  in  which  there  has  been  a  case  of  the  disease  during  the  voyage 
■or  stay  of  such  ship  in  a  port  in  the  course  of  the  voyage. 

'  The  Customs  officers  are  to  detain  any  such  cholera-infected  or  suspected 
ship,  cause  it  to  be  moored  as  they  direct,  and  inform  the  sanitary  authority, 
who  are  to  cause  their  medical  officer  of  health  to  visit  the  ship.  No  one 
is  to  leave  the  ship  whilst  she  is  under  detention. 

'  If  the  medical  officer  of  health  finds  the  ship  free  from  infection,  detention 
ceases.  If  she  is  infected  with  cholera  she  is  to  be  moored  at  a  place  pre- 
viously fixed  by  the  sanitary  authority  for  the  purpose.  If  not  visited  by 
the  medical  officer  of  health  within  twelve  hours  after  notice  is  given  by  the 
Customs,  the  ship  is  released. 

'  The  sanitary  authority  are  required  to  fix  a  place  for  the  mooring  of  in- 
fected or  suspected  ships,  with  the  approval  of  the  chief  officer  of  Customs, 
and  to  provide  for  the  reception  of  cholera  patients  and  persons  suffering 
from  illness  suspected  to  be  that  disease. 

*  The  medical  officer  of  health  may  visit  any  ship  if  he  believes  her  to  be 
-cholera-infected,  or  if  she  have  come  from  a  cholera-infected  place,  whether 
she  have  previously  been  examined  by  Customs  officers  or  not.  If  he  is  of 
opinion  that  the  ship  is  infected  with  cholera  he  gives  the  master  a  certificate 
to  that  effect,  and  makes  a  duplicate.  The  master  must  then  moor  the  ship 
in  the  mooring  place  of  the  sanitary  authority  above  mentioned,  and  no  one 
is  to  leave  until  the  medical  officer  of  health  has  examined  everyone  on 
board.  He  certifies  those  affected  with  cholera.  Every  person  so  certified 
by  him  is,  if  fit  to  bear  removal,  to  be  removed  to  hospital,  and  must  remain 
there  till  certified  by  him  to  be  free  from  infection.  If  not  fit  to  bear 
removal,  the  patient  is  to  stay  on  board  until  the  medical  officer  of  health 
authorises  his  removal,  and  the  ship  is  to  remain  under  the  control  of  the 
medical  officer  of  health. 

'  Any  suspicious  case  of  illness  may  either  be  detained  on  board  for  two 
■days  or  be  taken  to  hospital  and  there  detained  for  two  days,  till  the  case  is 
■cleared  up,  when,  if  it  is  cholera,  the  patient  is  dealt  wiDh  as  already  de- 
scribed ;  or  if  otherwise  he  is  discharged. 
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'  After  the  examination  of  the  ship  as  above  mentioned,  all  who  are  not 
certified  as  having  cholera,  or  suspected  of  having  it,  may  land  on  giving 
their  names,  places  of  destination,  and  addresses. 

'  The  medical  officer  of  health  is  to  give  directions  and  take  steps  neces- 
sary to  prevent  the  spread  of  infection,  and  the  master  must  carry  out 
such  directions. 

'  Corpses  of  persons  dying  of  cholera  on  shipboard  are  to  be  buried  in  the 
sea  or  by  the  sanitary  authority. 

'  The  master  is  (or  in  his  default  the  sanitary  authority  are)  required  to 
destroy  articles  soiled  with  choleraic  discharges,  and  to  disinfect,  or,  if  neces- 
sary, destroy,  any  other  infected  bedding  or  clothing. 

'  The  anaster  is  also  to  cause  the  ship  to  be  disinfected,  and  all  infected 
articles  therein,  in  addition  to  the  foregoing,  to  be  disinfected  or  destroyed. 

'  The  master  of  every  cholera-infected  ship,  whilst  within  three  miles  of 
the  coast  of  England  or  Wales,  must  keep  a  yellow  flag  hoisted  from  sun- 
rise to  sunset.' 

This  Order  was  amended  in  1892,  when  cholera  was  present  on  the  west 
coast  of  Europe,  by  the  issue  of  other  Orders  of  August  29  and  31  of  that 
year,  and  these  last  two  Orders  were  further  amended  and  consolidated  by 
the  Order  of  September  6, 1892,  which  gave  increased  powers  to  the  medical 
officer  of  health.  Article  I.  of  this  Order  prohibits  the  landing  of  any  person 
on  board  an  infected  ship  unless  he  can  satisfy  the  medical  officer  of  health 
as  to  his  name,  place  of  destination,  and  address  at  such  place.  Article  II. 
provides  that  when  a  ship  is  not  infected  with  cholera,  but  has  passengers 
on  board  who  are  in  a  filthy  or  otherwise  unwholesome  condition,  or  has 
come  from  a  place  infected  with  cholera,  the  medical  officer  of  health  may, 
if  in  his  opinion  it  is  desirable,  with  a  view  to  checking  the  introduction  or 
spread  of  cholera,  give  a  certificate  in  duplicate  (one  to  the  master  of  the 
vessel,  the  other  to  the  sanitary  authority)  to  the  effect  that  persons  should 
not  be  allowed  to  land  unless  they  satisfied  him  as  to  their  names,  places  of 
destination,  and  addresses  at  such  places.  These  amendments  aimed  at  the 
detention  of  vessels  bringing  Jewish  immigrants,  many  of  whom  were  at  the 
time  arriving  from  Hamburg,  where  a  severe  epidemic  of  cholera  then  pre- 
vailed. Persons  of  this  class  arriving  in  the  Thames  were  detained;  and 
many  were  subsequently  removed  to  the  hospital  of  the  port  sanitary  autho- 
rity at  Gravesend  by  Dr.  Collingridge,  who  was  able  to  keep  them  under 
observation  until  a  sufficient  time  had  elapsed  to  ensure  that  they  would  not 
subsequently  develop  cholera  from  any  infection  received  on  the  Continent  or 
during  the  voyage.  Article  IV.  provides  that  when  a  ship  is  infected  with 
cholera,  or  comes  from  a  port  infected  with  cholera,  the  medical  officer  of 
health  may  direct  the  bilge-water  '  to  be  pumped  out  before  the  ship  enters- 
any  dock  or  basin,  and,  on  the  sanitary  authority  providing  a  proper  supply 
of  water  for  drinking  and  cooking  purposes  for  persons  on  board  the  ship,  he 
may  direct  all  casks  and  tanks  on  board  the  ship  containing  water  for  the 
use  of  such  persons  to  be  emptied  and  cleansed,  and  the  master  is  required 
to  cause  these  directions  to  be  carried  into  effect. 

Numerous  rag  orders,  providing  from  time  to  time  for  special  temporary 
requirements,  have  also  been  made. 

The  entire  question  of  cholera-prevention,  from  the  point  of  view  of  port 
sanitary  authorities,  was  fully  discussed  at  a  largely  attended  conference 
of  the  port  sanitary  authorities  of  England  and  Wales  held  at  the  Guildhall, 

'  No  legal  provision  is  made  for  dealing,  in  like  manner,  with  the  much  more  serious 
matter  of  ballast  (water  or  sand),  which  is  often  taken  from  infected  rivers  or  their  shores 
— e.g.  from  the  Elbe  during  the  cholera  epidemic  of  1892. 
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London,  on  February  17,  1893,^  under  the  presidency  of  the  Lord  Mayor, 
when  the  following  subjects  were  considered,  namely : — 1.  The  desirability 
of  cholera  precautions  in  ports  being  carried  out  at  the  national  expense. 

2.  The  medical  inspection  of  ships  arriving  from  cholera-infected  countries. 

3.  The  periodical  issue  of  a  recognised  list  of  ports  infected  with  cholera. 

4.  The  detention  of  port  medical  officers  on  board  of  ships  not  having  a  clean 
bill  of  health.  5.  The  supervision  of  suspected  vessels  whilst  in  port. 
6.  Passengers'  addresses  of  destination.  7.  The  detention  of  crews  on  board 
of  ships  whilst  in  infected  ports.  8.  Lifected  ballast.  9.  Eeport  of  a  com- 
mittee of  port  medical  officers  of  health  appointed  to  consider  the  appliances 
necessary  for  the  thorough  disinfection  of  ships  and  their  contents  throughout. 
10.  The  disposal  of  infected  corpses.  11.  Hospital  accommodation  required,  &c. 

The  above-mentioned  report  on  the  apphances  for  disinfection  of  ships 
and  their  contents  recommended  the  fitting  up  of  a  hulk,  propelled  by  steam, 
with  apparatus  for  disinfection  by  means  of  the  mercuric  drench,  sulphurous 
fumes,  and  steam.  The  fumigation  of  infected  spaces,  &c,,  by  burning  sulphur 
is  now  superseded  by  the  employment  of  sulphurous  acid  hquefied  under 
pressure,  which  is  supphed  by  the  manufacturers  in  cylinders  available  for 
convenient  use. 

Quarantine. — In  case  of  yellow  fever  or  plague  the  Customs  are  required, 
under  the  Quarantine  Acts,  &c.,  to  take  precautions — an  apparent  anomaly 
in  sanitary  administration,  since,  as  pointed  out  by  Dr.  Blaxall  in  the  report 
already  quoted  from,  '  the  Imperial  Government  possesses  neither  quarantine 
establishments  nor  isolation  hospitals  for  the  purpose.' 

In  one  instance  in  the  experience  of  the  writer  the  quarantine  laws  above 
referred  to  appeared  not  to  work  in  harmony  with  other  sanitary  regulations. 
A  certain  vessel  on  arrival  in  the  Tyne  was  reported  to  the  port  sanitary 
authority  by  the  Customs  as  having  no  '  bill  of  health.'  She  was  then 
boarded  by  the  assistant  medical  officer  of  health,  who,  finding  her  free  from 
infection,  left  her  before  she  was  formally  admitted  to  '  pratique '  by  the 
Customs.  This  leaving  of  an  uninfected  ship  by  the  port  sanitary  medical 
officer,  although  quite  in  accordance  with  his  duties,  was  objected  to  by  the 
Commissioners  of  Customs  as  a  breach  of  the  Quarantine  Act. 

Space  is  not  at  present  available  to  enter  into  the  details  of  quarantine. 
For  opinions  as  to  the  efficacy  of  this  means  of  dealing  with  foreign  disease 
the  reader  is  referred  to  the  Report  of  the  Medical  Officer  of  the  Privy  Council 
for  1865.^  Valuable  information  as  to  the  comparative  merits  of  quarantine 
V.  systematic  inspection  will  be  found  in  the  Supplementary  Report  of  the 
Medical  Officer  to  the  Local  Government  Board  for  1877.^  The  medical 
officer's  Supplement  to  the  Eeport  of  the  Local  Government  Board  for 
1879-80  contains  Mr.  Netten  RadcUffe's  lucid  statement  of  '  Facts  relating 
to  Quarantine  in  the  Red  Sea,'  with  inferences  and  deductions  therefrom, 
together  with  a  resumS  of  current  scientific  opinion  in  Europe  as  regards 
quarantine  in  cholera  and  plague,  and  its  administration  in  relation  to  the 
pilgrim  traffic. 

A  summary  of  the  enactments,  past  and  present,  British  and  foreign,  on 
the  subject  will  be  found  in  '  The  Laws  of  Quarantine,'  by  Sir  Shenstone 
Baker.  A  full  description  of  the  '  Holt  System  of  Quarantine  '  is  given  in 
'  Public  Health '  for  April  1889,*  and  subsequently  by  Dr.  Holt  himself.^ 

'  A  full  report  of  this  conference  is  given  in  the  Shipping  Gazette  of  February  18, 1893, 
which  contains  also  the  text  of  the  Merchant  Seamen  (Provisions)  Bill,  1893. 

*  By  Mr.  (now  Sir)  John  Simon.  «  By  the  late  Dr.  E.  C.  Seaton. 

*  By  A.  Campbell  Munro,  M.D. 

*  An  Epitomized  Review  of  the  Principles  and  Practice  of  Maritime  Sanitation. 
New  Orleans,  1892, 
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Port  Sanitabt  Staff  and  Appliances 

For  the  proper  administration  of  their  powers  and  fulfilment  of  their 
duties,  port  sanitary  authorities  require  the  aid  of  officers,  such  as  a  medical 
officer  of  health,  an  inspector  of  nuisances,  &c.,  and  also  certain  appliances 
for  dealing  with  infectious  disease  and  ascertaining  nuisances  and  sanitary 
defects  on  board  of  ships.     These  comprise — 

1.  Hospital  accommodation  for  infectious  diseases. 

2.  Means  of  transporting  infectious  cases  to  hospital,  and  officers  from 
ship  to  ship, 

3.  Apparatus  for  disinfection. 

Hospital  Accommodation. — In  considering  the  question  of  the  provision 
of  a  hospital  for  the  isolation  of  cases  of  infectious  disease  occurring  on  ship- 
board, over  which  cases,  under  section  124  of  the  PubHc  Health  Act,  the  sani- 
tary authority  have  power  of  compulsory  removal,  several  points  claim 
attention,  and  among  others  the  following  : — 

1.  The  amount  of  the  accommodation  to  be  provided. 

2.  The  character  of  the  accommodation  to  be  provided. 

3.  The  site  of  the  hospital. 

The  number  of  beds  for  the  reception  of  infectious  cases  in  an  urban  dis- 
trict on  shore  is  usually  calculated  at  the  rate  of  one  bed  for  every  thousand 
persons  in  such  district.  This  rule,  which,  in  towns  where  the  residents  may  be 
regarded  as  practically  stationary,  works  out  faMy  well  in  practice,  is  obviously 
inapplicable  in  the  case  of  ports  where  the  population  is,  in  more  senses  than 
one,  floating.  The  people  in  ports  come  and  go  continually,  and  the  total 
number  varies  greatly  from  day  to  day,  so  that  it  cannot  be  estimated  before- 
hand even  approximately.  The  number  of  persons  who  arrive  in  a  given  time — 
say  a  year — affords  little  guide  as  to  probable  requirement  in  the  way  of  beds 
for  infectious  diseases.  In  the  Tyne  Port  the  total  arrivals  of  crews  and 
passengers  in  a  year  is  about  250,000,  To  provide  on  this  basis,  and  at  the 
same  ratio,  as  for  a  town  would  be  absurd.  Actual  experience  on  the  Tyne 
shows  that  the  number  of  cases  requiring  isolation  does  not  ordinarily  exceed 
a  dozen  in  the  year.  But  ordinary  experience  does  not  involve  the  dangers 
and  possibilities  of  an  epidemic  of  cholera  or  a  large  outbreak  of  typhus,  small- 
pox, or  scarlet  fever  (for  example),  in  an  emigrant  ship —contingencies  which 
may  at  any  time  occur,  and  should,  as  far  as  practicable,  be  provided  for. 
Besides,  the  ordinary  admissions  may  or  may  not  be  chiefly  cases  of  the 
same  disease.  Having  these  different  points  in  view,  the  Tyne  Port  Sanitary 
Authority,  with  the  approval  of  the  Local  Government  Board,  have  provided 
accommodation  for  thirty  patients  in  their  hospital,  presently  to  be  described. 
The  hospital  of  the  Port  of  London  was  formerly  a  ship,  but  is  now  on  land, 
as  is  the  case  in  some  other  ports — e.g.  that  of  Sunderland.  In  many 
instances — perhaps  the  majority — port  sanitary  authorities  have  preferred 
to  fit  up  floating  hospitals  within  the  limits  of  their  own  districts  rather  than 
send  their  patients  ashore.  There  are  at  least  two  advantages  in  such  a 
course — viz,  (1)  obviation  of  the  double  carriage  of  the  sick  by  water  and 
by  land,  and  (2)  facility  of  drainage  and  refuse  disposal.  Floating  hospitals 
for  port  districts  are  also  desirable  for  the  reason  of  confining  the  infection 
to  the  sanitary  district  in  which  it  is  found.  Whether  on  water  or  on  land, 
it  is  advisable  that  the  hospital  should  be  in  as  isolated  a  position  as  possible. 

The  character  of  the  accommodation  to  he  provided  will  uivolve  the  fol- 
lowing considerations : — 

1.  Diseases  to  be  isolated. 

2.  Sex  of  the  patients. 
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The  cases  most  likely  to  be  sent  to  hospital,  under  ordinary  circum- 
stances, are  the  more  common  zymotic  diseases  (enteric  and  other  '  fevers,' 
scarlet  fever,  small-pox,  measles,  and  diphtheria),  together  with  ailments  sus- 
pected of  being  or  mistaken  for  these.  Generally  speaking,  all  of  the  patients 
will  be  males  ;  hence  it  will  be  unnecessary  to  provide  separate  wards  for  each 
sex  and  each  disease,  as  in  hospitals  for  infectious  disease  on  land.  In  arriving 
at  a  conclusion  as  to  the  number  of  different  wards  to  be  built,  it  should  be 
borne  in  mind  that  a  single  case  of  infectious  disease  is  sufficient  to  occupy 
an  entire  ward  to  the  exclusion  of  other  diseases.  For  this  reason  it  is 
desirable  to  provide  as  many  wards  and  as  few  beds  in  each  as  is  consistent 
with  proper  nursing  and  economic  administration  in  other  respects. 

The  T^jne  Floating  Hospital,  which  is  somewhat  exceptional  in  con- 
struction, as  shown  in  the  accompanying  illustration  (fig.  19)  and  plan,  is 
described  by  the  architect  ^  as  follows  : — 


Fig.  19. — Floating  Hospital  of  the  Eiver  Tyne  Port  Sanitary  Authority. 

The  float  consists  of  a  series  of  ten  wrought-iron  cylindrical  pontoons,  each 
72  feet  long  and  6  feet  in  diameter,  with  hemispherical  ends.  The  displace- 
ment of  each  pontoon  is  53^  tons,  or  a  total  for  the  ten  of  535  tons.  Seven 
rolled  wrought-iron  girders,  each  140  feet  long  and  12  inches  deep,  connect 
the  pontoons,  being  fixed  to  curved  saddles  which  rest  on  the  cylinders  and  are 
riveted  thereto.  The  connection  between  the  saddles  and  the  girders  resting 
on  them  is  by  screw-bolts,  so  that  any  pontoon  can  be  detached,  partially  sunk 
by  admitting  water,  and  so  removed  from  its  position  for  repair  or  painting. 
The  distance  between  the  centres  of  the  pontoons  when  in  position  is  14  feet 
6  inches.  Across  the  iron  girders  are  laid  creosoted  joists,  11  inches  by 
3  inches,  4  feet  apart,  which  are  bolted  to  wrought-iron  chubbs  riveted  to  the 
upper  flanges  of  the  girders,  and  across  these  joists  again  is  laid  a  close  deck 
of  creosoted  planking  3  inches  thick,  spiked  down  with  6-inch  spikes.  The 
whole  forms  a  platform  or  deck  140  feet  long  and  70  feet  wide,  which  serves 
to  carry  the  ward  blocks,  &c. 

In  order  to  prevent  any  tendency  to  racking  of  the  float  a  system  of 
diagonal  bracing   of   4-inch  by  3-inch  T-irons   connects  the   longitudinal 

'  Wm.  Geo.  Laws,  M.I.C.E.,  City  Engineer  for  Newcastle-upon-Tyne.  The  description 
is  taken  from  the  Transactions  of  the  Association  of  Munici;pal  Engineers  at  their  meeting 
at  Newcastle  in  1887. 
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girders,  being  riveted  to  the  under-side  of  their  upper  flanges,  thus  securing 
perfect  stiffness  in  the  plane  of  the  deck.  The  whole  deck,  however,  being 
thin  relatively  to  its  area,  would  yield  partially  to  any  inequality  of  support 
caused  by  heavy  waves,  and  as  an  additional  precaution  against  this,  and  to 
reheve  the  strain  caused  by  the  tidal  current  acting  on  the  submerged  part 
of  the  pontoons,  four  balks  of  timber  are  run  the  whole  length  of  the  float 
below  the  pontoons,  and  are  secured  to  the  iron  work  of  the  deck  by  1^-inch 
bolts.  These  were  not  intended  in  the  original  design,  but  having  been 
added  for  the  purpose  of  facilitating  the  launching  and  protecting  of  the  pon- 
toons while  being  floated  down  the  river,  it  was  decided  to  retain  them  as 
likely  to  be  still  useful  after  the  vessel  was  moored.  The  pontoons  have  each 
on  their  upper  sides  two  manholes  with  bolted  covers,  for  the  purpose  of 
giving  access  to  the  interior.  These  are  reached  through  trap-doors  in  the 
deck  above. 

Access  from  boats  to  the  deck  is  obtained  by  means  of  a  sloping  gangway, 
which  at  its  lower  end  rests  on  a  fender-beam  attached  to  the  ends  of  three 
of  the  pontoons,  and  serves  to  protect  them  from  damage  by  the  steam 
launch  when  she  comes  alongside.  The  height  of  the  deck  above  water  is 
4  feet.  The  platform  is  protected  all  round  by  a  strong  wooden  hand-rail, 
and  as  the  main  buildings  do  not  come  nearer  than  2  feet  to  the  edge  of  the 
deck,  there  is  a  narrow  passage  thus  left  all  round  the  outside  to  give  access 
for  painting,  repairs,  &c. 

The  ward  blocks  are  three  in  number,  built  of  timber,  and  with  a  double 
skin  of  cleading.  They  are  each  65  feet  long,  23^  feet  wide,  and  about 
12  feet  6  inches  high  to  eaves,  and  21  feet  6  inches  to  ridge.  The  roof  is  of 
zinc,  on  Braby's  system.  It  is  carried  on  half-coupled  timbers  with  purlins 
and  rafters.  Each  ward  block  is  divided  into  two  wards  for  patients,  contain- 
ing six  and  four  beds  respectively  ;  and  to  each  ward  is  attached  a  small 
offshoot,  8  feet  square,  containing  w.c.  and  scullery.  In  the  centre  of  each 
ward  is  a  Musgrave's  slow- combustion  stove,  the  chimney  of  which  is  carried 
up  through  the  roof,  passing  through  a  ventilating  shaft  18  inches  square, 
widening  out  to  3  feet  at  ceiling  level.  The  stove-pipe  thus  does  not  come  in 
contact  with  the  wood  in  any  part,  and  by  its  heat  establishes  an  upward 
current  through  the  ventilating  shaft,  which  is  controlled  by  light  iron  flaps 
worked  by  cords  from  below. 

The  wards  are  lined  with  pitch-pine  boards  dressed  and  varnished,  and 
the  ceiling  is  of  the  same  material  carried  along  the  couples  and  below  the 
collar  beam.  There  are  eight  windows  in  the  larger  ward,  and  six  in  the 
smaller.  These  are  each  8  feet  high  by  2  feet  6  inches,  and  have  sliding  sashes 
for  two-thirds  of  their  height,  the  upper  third  forming  a  swinging  sash,  worked 
by  a  rack  and  screw  by  cords  from  below,  so  that  they  can  be  set  to  any 
opening,  and  fixed  by  the  same  operation.  The  entrance  of  pure  air  below 
is  effected  by  Kite's  ventilators  fixed  in  the  walls  under  each  bed.  The  ven- 
tilation is  thus  under  complete  control. 

Each  ward  block  has  an  independent  floor  laid  on  joists,  and  9  inches 
above  the  deck,  thus  further  providing  for  ventilation.  The  two  wards 
in  each  block  are  separated  by  a  space  of  10  feet  wide,  in  which  is  con- 
tained the  nurse's  room,  13  feet  by  10  feet,  and  the  bath-room,  10  feet  by 
9  feet. 

A  small  window  in  each  side  of  the  nurse's  room  enables  her  to  command 
a  view  of  all  the  beds.  In  this  room  is  placed  a  patent  stove,  formed  of 
wrought  iron  and  welded  in  one  piece.  This  gives  a  constant  supply  of  hot 
water  by  means  of  a  circulating  cistern  in  the  roof,  from  which  it  is  carried 
in  wrought-iron  pipes  to  the  bath-room  and  scullery.     Cisterns   for  fresh 
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water,  and  river  water  for  washing,  are  also  contained  in  the  roof,  in  the 
space  above  the  ceihngs. 

The  soil  pipes  and  waste  pipes  discharge  directly  into  the  water  outside, 
and  are  cut  off  short  30  inches  below  deck-level,  so  as  to  form  an  effectual  air 
trap,  and  prevent  any  of  the  excreta  or  slops  hanging  about  their  ends.  A 
force  pump  in  each  scullery  affords  the  means  of  raising  river  water  for 
washing  purposes.  The  fresh-water  cisterns  are  filled  from  water  boats 
plying  on  the  river.  Eain  tubs  are  so  placed  as  to  catch  the  roof  water  and 
preserve  it  for  use.  A  small  porch  over  the  three  entrance  doors  forms  a 
lobby  to  each  ward,  and  protects  it  from  draughts. 

The  bath-room  contains  a  lavatory  with  two  tip  basins,  and  a  movable 
bath  on  wheels,  which  can  in  case  of  necessity  be  taken  into  the  wards 
alongside  the  patient's  bed. 

The  three  ward  blocks  are  arranged  as  three  sides  of  a  rectangle,  leaving 
a  clear  deck  space  of  80  feet  by  35  feet.  It  is  proposed  to  fit  up  a  light  crane 
over  the  gangway,  so  that  patients  may,  when  necessary,  be  lifted  out  of  the 
launch  on  a  stretcher. 

The  moorings  consist  of  eight  l|-inch  chains,  averaging  thirty  fathoms, 
each  attached  on  the  river  side  to  screw  piles,  and  towards  the  Slake  to  beams 
sunk  in  the  sand.  In-board  they  are  attached  to  eight  double  bollards 
securely  bolted  to  the  deck  and  its  iron  framing.  Thus  moored,  the  float 
rides  quite  easily.  The  berth  chosen  in  Jarrow  Slake  is  peculiarly  suitable, 
being  in  the  centre  of  a  wide  expanse  covered  by  water  at  high  tide,  and 
inaccessible  at  any  time  except  by  boat. 

The  total  cost  has  been  as  follows 


Pontoon  float 
Three  ward  blocks 
Dredging  and  moorings 

Total 


£ 
3,060 
2,110 

530 

5,700,  or  £190  per  bed. 


The  existing  administrative  block  of  the  hospital  (figs.  21  and  22)   is 


CARETAKER'S 
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Scale,  8  feet  to  an  Inch. 


30  Feet. 


Fig.  21. 


placed  on    a  separate  float  moored  to  the  south  of  the  pontoons,  and  connected 
immediately  with  the  pontoon  deck  by  a  gangway. 


MABINE  EYGIENE 


59a 


Among  other  advantages  of  this  pontoon  hospital  are  the  following  ; — 

(1)  Its  stability,  even  in  very  rough  weather. 

(2)  The  proximity  of  the  deck  to  the  water,  and  consequent  facility 

of  access  for  patients  and  others. 

Means  of  Transport  of  Patients,  &c. — In  many  ports  the  rule  is  to  cause 
all  vessels  ha\'ing  cases  of  infectious  disease  on  board  to  moor  at  a  certain 
place,  suitable  for  the  removal  of  the  patient  to  hospital.  Thus,  when  the 
hospital  is  on  a  float,  certain  buoys  are  generally  fixed  near  it,  to  which 
infected  ships  only  are  to  be  moored.  These  are  distinguished  by  colour 
(white).  In  such  cases,  and  when  the  hospital  is  on  land,  the  patient  may 
have  to  be  lowered  from  his  ship  and  conveyed  to  hospital  or  shore  in  an 
open  boat.  The  foregoing  process  involves  some  detention  of  the  ship  and 
loss  of  time  before  the  patient  can  be  removed  from  her.  The  quickest  and 
in  every  way  most  satisfactory  method  is  to  have  a  steam-launch  fitted  up 
at  one  end  for  the  transport  of  the  sick.  The  launch  of  the  Tyne  Port  Sani- 
tary Authority  is  provided  with  a  fore  cabin  for  this  purpose,  sufficient  to 


Section  on  line  A.B, 


Fig.  22. — Floating  Hospital.     Administrative  Block  moored  to  south  of  the 
Pontoon  Hospital. 


accommodate  two  patients.  The  skylight  of  this  cabin  is  double-hinged  in. 
the  centre,  and  removable  entire,  so  as  to  allow  of  the  lowering  of  the 
ambulance  couch  and  patient  directly  into  the  proper  place  in  the  cabin,  as 
shown  in  fig.  23. 

The  maintenance  of  the  horizontal  position  in  the  removal  of  the  sick 
from  place  to  place  is  a  matter  of  much  importance,  especially  in  cases  of 
fever  ;  and  in  enteric  fever  this  is  imperative,  as  neglect  of  such  a  precaution 
may  very  readily  lead  to  rupture  of  the  intestine.  To  obviate  danger  of  this, 
kind,  the  writer  has  had  a  special  cot  or  couch  made  (see  figs.  23  and  24). 
The  cot  consists  of  a  chain  and  spiral  spring  mattress  (Chorlton's)  4  feet 
2  inches  by  1  foot  3. 7  inches  in  a  light  iron  frame,  attached  to  a  curved 
ash  frame,  made  a  little  shorter  in  length,  so  as  to  allow  the  mattress 
to  '  dish '  or  curve  downwards  a  little,  for  the  patient  to  rest  on.  The 
iron  frame  is  loosely  attached  at  the  sides  to  stout  ash  poles  with  hinged 
handles,  so  as  to  allow  of  turning  in  small  space.  The  poles  are  separated 
by  cross-pieces,  to  which  the  ends  of  the  mattress  are  firmly  fixed.  To- 
the  upper  of  these  cross-pieces  a  head-board  is  hinged,  which  may  be  set 
at  any  angle  required.  The  cross-piece  of  the  lower  end  is  provided  with 
a  foot-board.  Over  the  mattress  and  head-board  are  placed  an  india-rubber 
ah-bed  and  pillow,  each  in  a  calico  case.     When  the  patient  is  in  the  cot 
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the  bed-clothing  is  placed  over  him,  and  all  is  made  secure  by  means  of 
straps  and  buckles. 


Fig    23. — Method  of  lowering  patient  to  liis  place  in  the  Ambulance-launch. 
Biver  Tyne  Port. 

The  method  of  lowering  a  patient  in  the  cot  is  as  follows : — The  rope, 
which  is  fixed  by  the  eyelets  and  clove-hitches  as  shown  in  the  illustration, 
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is  made  to  cross  over  the  middle  of  the  patient's  body  in  equal  lengths, 
and  under  the  crossing  the  hook  of  the  lowering  tackle  is  put  in  *  fore  and 
aft '  and  firmly  lashed  in  its  place.  The  tackle  is  fixed  to  the  end  of  the 
yard-arm  or  the  head  of  a  davit,  and  the  patient  lowered  with  safety  to  the 
launch.  On  arrival  at  the  gangway  of  the  hospital  he  is  hoisted  from  the 
cabin  and  carried  on  the  cot  by  bearers  to  his  ward. 

Disinfection  afloat  is  practically  the  same  as  elsewhere,  with  certain 
exceptions,  treated  of  in  the  Eeport  adopted  by  the  Conference  of  Port 
Sanitary  Authorities  (see  p.  587),'  that  the  apparatus  commonly  employed 
for  the  purpose  of  purifying  bedding  and  clothing  on  land  are  too  large  and 
too  heavy  for  use  anywhere  except  on  land.  Appliances  in  which  the 
required  temperature  is  obtained  by  means  of  gas  are,  of  course,  not  available 
on  shipboard. 

Nuisances  on  shipboard  in  port  are  dealt  with  in  the  same  manner  and 
by  the  same  powers  as  on  shore. 


Fig.  24. 


Structural  sanitary  defects,  creio-space,  passengers'  accommodation,  dc, 
are,  as  previously  shown,  to  a  considerable  extent  controlled  by  officers 
appointed  under  the  Merchant  Shipping  and  Passengers'  Acts.  A  definition 
of  the  position  and  duty  of  the  officers  of  port  sanitary  authorities  in  rela- 
tion to  those  of  surveyors  of  the  Board  of  Trade,  emigration  officers,  and 
other  officials  who  at  present  have  to  do  with  sanitary  matters  on  shipboard, 
would  be  advantageous  to  the  health  of  both  crews  and  passengers. 

All  vessels,  whether  in  the  foreign  or  the  home  trade,  should  be  com- 
pelled to  report  their  cases  of  sickness  on  arrival.  At  present  coasting 
vessels  are  not  required  to  do  this.  Such  reports  should  be  made  to  the 
;  sanitary  authority  and  not  to  the  Customs. 


The  writer  of  the  foregoing  article  is  much  indebted  to  Dr.  James  Hind- 
haugh  for  several  photographs  required  for  illustration  ;  to  Messrs.  John 
Blumer  &  Sons ;  to  Mr.  William  Whyte,  M.Inst.C.E.,  for  plans  and  other 
valuable  information  respecting  various  parts  of  ships ;  and  to  many  other 
friends  for  the  loan  of  works  on  marine  hygiene — to  all  of  whom  he 
desires  to  express  his  grateful  acknowledgments. 


And  described  in  full  in  the  Shipping  Gazette  for  February  18,  1893. 
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MILITAEY  HYGIENE 

The  term  Military  Hygiene  is  used  to  signify  the  care  of  troops.  A  large 
l)ody  of  men  are  employed  by  the  State,  and  placed  by  it  under  its  own  social 
and  sanitary  conditions,  while  at  the  same  time  it  removes  from  them  much 
■of  the  self-control  connected  with  hygienic  rules  which  other  men  possess. 
It  is,  therefore,  bound  by  every  principle  of  fair  and  honest  contract  to  see 
that  these  men  are  in  no  way  injured  by  its  system  (Parkes). 

It  is  important  that  every  officer  m  a  regiment  should  know  something  of 
the  rules  laid  down  to  prevent  the  spread  of  those  diseases  to  which  the 
soldier  is  liable  at  home  and  abroad,  and  of  the  sanitary  conditions  which 
tend  to  keep  him  effective  under  the  varying  circumstances  in  which  he 
may  at  any  moment  be  placed.  As  an  army  depends  entirely  on  the  physical 
character  of  the  men  who  compose  it,  it  is  necessary  briefly  to  refer  to  this 
part  of  the  subject  first. 

The  Selection  of  Soldiers 

The  British  Army  is  enlisted  on  the  voluntary  system.  The  terms  of 
enlistment  are  for  'long  service,'  i.e.  twelve  years'  Army  service,  or  'short 
service,'  i.e.  seven  years'  Army  service  and  five  years  in  the  Keserve,  which 
may  be  extended  to  eight  years'  Army  service  and  four  years  in  the  Eeserve,  if 
the  period  of  Army  service  expires  while  a  man  is  serving  abroad.  In  the 
Foot  Guards,  short  service  consists  of  three  years'  Army  service  and  nine 
years  in  the  Keserve.  The  limits  of  age  at  which  recruits  are  taken  are  from 
eighteen  to  twenty-five  years,  except  for  boys  who  are  enlisted  as  drum- 
mers. Kecruits  must  also  be  of  a  certain  height,  which  varies  for  the  differ- 
ent arms  of  the  service — that  is,  for  Cavalry,  5  ft.  6  in.  to  5  ft.  11  in. ;  for 
Engineers,  5  ft.  4  in.  to  5  ft.  6  in. ;  for  Artillery,  5  ft.  4  in.  to  5  ft.  6  in. ; 
for  the  Foot  Guards,  5  ft.  8  in.  and  upwards,  and  for  the  Infantry  of  the 
Line,  5  ft.  4  in.  and  upwards.  A  certain  minimum  girth  of  chest  according 
to  height  is  required,  and  also  a  certain  minimum  of  weight ;  the  chest 
measurement  must  not  be  less  than  33  inches,  nor  the  weight  less  than 
115  lbs.  For  Cavalry  and  Artillery  this  weight  is  too  small ;  experience  has 
shown  that  the  minimum  weight  for  these  branches  of  the  service  should  not 
be  less  than  125  lbs.,  as  this  is  the  lowest  weight  that  would  give  a  Cavalry 
soldier  power  at  once  to  control  his  horse  and  wield  his  weapon,  or  a  driver 
strength  to  manage  a  pair  of  horses.  In  the  event  of  war,  the  measurements 
are  all  reduced  according  to  the  demand  for  men,  and  even  in  times  of  peace 
the  same  standard  is  not  always  maintained. 

Before  the  enlistment  is  completed,  the  recruit  is  carefully  examined  by  a 
medical  officer  of  the  regular  or  auxiliary  forces  according  to  a  scheme  laid 
down  in  the  Medical  Begulations.  The  examination  is  a  strict  one,  and  aims 
at  investigating,  as  far  as  possible,  the  mental  condition,  the  senses,  the 
absence  of  any  infirmity  or  injury  likely  to  interfere  with  his  duties  as  a 
soldier  ;  the  condition  of  the  heart,  lungs,  and  abdominal  organs  generally  ; 
the  general  formation  of  the  body  ;  the  condition  of  the  joints  ;  the  state  of 
his  feet ;  the  absence  of  hernia,  varicocele,  &c.,  and  his  power  of  vision  for 
long  ranges,  &c.  Of  the  recruits  examined  in  the  United  Kingdom  from 
1885  to  1888,  there  were  43-42  per  cent,  rejected,  while  during  the  same 
period  in  London  47*17  were  found  unfit.     Of  the  causes  for  rejection  in 
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London,  defective  vision  gave  10-84  per  cent. ;  under  height,  5*59  ;  under 
weight,  12-62  ;  and  under  chest  measurement,  40'40  per  cent.  ;^  thus  70  per 
cent,  are  inchxded  under  these  four  headings,  and  what  is  found  in  London 
may  also  be  accepted  for  other  parts  of  the  United  Kingdom,  as  these 
recruits  are  drawn  from  every  part  of  the  country. 

As  regards  age,  many  competent  officers  consider  that  no  recruits  should 
be  enlisted  under  twenty  to  twenty-one  years.  This  opinion  is  based  on 
the  fact  that  the  most  effective  armies  are  those  in  which  the  youngest 
soldiers  have  been  over  twenty-two  years  of  age.  At  eighteen  the  bones  are 
not  fully  formed,  nor  do  the  muscles  reach  their  mature  growth  much  before- 
twenty-five  years  ;  while  thus  undeveloped  and  immature,  as  they  must  be  at 
eighteen  years,  it  is  useless  to  expect  any  long-continued  exertion  or  energy 
from  men  at  that  age.  If  enlisted,  the  State  should  recognise  this,  and  suit 
the  work  to  their  strength  ;  at  eighteen,  recruits  have  not  only  to  work,  but 
to  grow  and  develop,  and  they  should  have  precisely  the  amount  of  exercise 
and  kind  of  work  best  fitted  for  them. 

As  regards  vision,  the  experience  of  the  London  recruiting  officers  is 
that  imperfect  or  defective  vision  increases  with  ascent  in  the  social  scale ;  it 
is,  on  the  whole,  less  perfect  among  the  better  than  the  lower  class  of  recruits, 
and  in  town  than  in  country. 

Sir  W.  Aitken '  pointed  out  the  importance  of  the  correlation  of  height, 
weight,  and  chest  measurement,  in  estimating  physique  as  a  whole ;  good 
weight  for  height  being  of  the  first  importance.  An  easy  rule  is  that  up  to 
5  ft.  7  in.  thrice  the  height  in  inches  ought  to  be  about  the  weight  in 
pounds ;  and  add  7  lbs.  for  every  inch  above  5  ft.  7  in. 

It  has  also  been  observed  that  a  close  correlation  exists  between  the 
physical  and  moral  development  of  men  ;  in  fact,  lowering  the  physical  means 
lowering  the  moral  standard  of  recruits,  or,  as  Dr.  Beattie  states  it,  if  we  dip 
too  low  for  our  recruits,  we  shall  be  liable  to  get  men,  not  only  small,  but 
unsteady,  wanting  in  mental  ballast  as  well  as  in  physical  height.  The  nerves 
and  muscles  are  built  up  by  the  same  processes  of  nutrition,  and  the  weighing 
machine  is  the  best  of  all  means  we  have  for  testing  the  general  fitness  of 
the  recruit. 

The  measurement  of  the  *  chest  capacity '  is  of  great  importance  in 
determining  the  vigour  of  the  recruit.  From  a  large  number  of  observations 
made  at  St.  George's  Barracks,^  it  has  been  found  that  the  maximum  expan- 
sion of  the  chest  of  a  man  of  average  size,  between  eighteen  and  twenty-five 
years  of  age,  is  about  2  to  2|,  rarely  3  inches.  The  method  adopted  for 
ascertaining  these  measurements  is  as  follows  : — On  carefully  adjusting  the 
linen  tape  over  the  point  of  the  shoulder-blades  behind  and  above  the  nipples 
in  front,  the  recruit  is  directed  to  take  a  deep  breath  and  expand  himself  to  the 
utmost ;  this  being  done  two  or  three  times,  the  maximum  expansion  is  ascer- 
tained ;  the  minimum  is  found  by  deducting  2  to  2^  inches  according  to  the 
height  and  general  physique  of  the  man.     The  minimum  and  maximum  are 

then  recorded  above  each  other,  as       or         as  the  case  may  be. 

35       3G^ 

Dr.  Seggel"*  gives  the  measurements  he  had  taken  of  soldiers  enlisted  at 
Munich  during  a  period  of  five  years.  His  results  correspond  almost  en- 
tirely with  the  measurements  given  by  Frolich  and  Vogl.  They  are  shown 
in  the  following  table  : — • 

'  Journal  United  Service  Institution,  1889. 

*  Groioth  of  Recruit  and  Young  Soldier.     By  Sir  W.  Aitken,  M.D.,  F.E.S. 
'  Journal  of  the  Royal  United  Service  Institution,  1889. 

*  Trans.  International  Medical  Congress,  Berlin,  18110. 
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Seggel 

Vogl 

Average  height 

„        weight 

„        chest  measurement .... 
,,        chest  expansion       .... 
„        width  of  shoulders  .... 

Antero-posterior    lines    of     chest    (sagittal 
measurements)  ...... 

1-6686  m. 

64-3  kilos. 

(128-6  lbs.) 

0-848  m. 

7-3  cm. 

411  cm. 

Ca.  23-7  cm. 

<  b.  21-4  cm. 

[  c.  18-7  cm. 

! 

1-67  m.             i 
63-2  kilos. 
(126-4  lbs.)          ; 
0-848  m.            1 
7  cm.  (FroUch) 

18-7  cm. 

Dr.  Seggel  arrives  at  the  conclusion  that  the  width  of  the  shoulder  is  an  im- 
portant measurement  to  make  in  examining  soldiers.  He  takes  the  measure- 
ments with  the  arms  hanging  at  the  sides  or  held  straight  out  in  front  of  the 
body  ;  the  width  of  the  shoulder  should  not  be  less  in  a  properly  built  man 
than  two-ninths  of  the  man's  height,  the  best  minimum  to  take  being  one- 
quarter  of  the  height.  The  antero-posterior  diameter  of  the  chest  is  measured 
at  three  points — the  superior  border  and  middle  of  sternum  and  tip  of  ensiform 
cartilage.  Dr.  Seggel  found  that  the  greater  this  sagittal  measurement,  the 
greater  was  the  chest  expansion. 

In  the  French  ^  Army  the  minimum  height  was  fixed  in  1887  at  66  inches 
(1*70  metre)  for  Cuirassiers  and  60  inches  (1'54  metre)  for  Infantry  of  the 
Line. 

In  the  United  States  Army  the  minimum  height  is  5  ft.  4  in. ;  maximum 
height  for  Cavalry,  5  ft.  10  in. ;  the  minimum  weight  being  128  lbs.,  the 
maximum  190  lbs. 

Baekacks 

The  selection  of  the  site  is  of  the  first  importance.  Sites  should  be  so 
selected  as  to  secure  a  fall  from  the  building  in  one  direction  at  least,  and  if 
possible  in  more,  for  this  will  facilitate  drainage,  and  natural  drainage  outlets 
should  always  be  provided  for.  A  perfectly  free  circulation  of  air  should 
prevail  around  the  buildings.  Aspect  should  never  be  sacrificed  to  prospect. 
In  England  the  south-east  is  the  best  aspect,  for  it  is  least  exposed  to  rain 
and  boisterous  winds.  The  soil  should  be  porous  ;  clay  soils  and  all  retentive 
soils  should,  if  possible,  be  avoided.  The  level  of  the  ground  water  should 
be  noted,  and  when  this  is  near  the  surface  the  site  should  be  drained  as  far 
as  possible,  to  lower  its  level  and  to  prevent  changes,  either  in  a  rise  or 
fall,  taking  place.  Provision  must  also  be  made  for  the  rapid  and  effectual 
removal  of  all  water  from  the  buildings,  so  that  there  may  be  no  dampness. 
In  order  to  test  the  healthiness  of  a  site  an  inquiry  into  the  rate  of  sickness 
and  mortality  in  the  district  will  afford  valuable  information,  and  the  nature 
of  the  prevalent  diseases  should,  if  possible,  be  ascertained. 

In  the  tropics  and  in  sub -tropical  countries  all  these  conditions  are  of 
even  greater  importance.  The  following  sites,  which  are  proved  by  experience 
to  be  unhealthy,  should  be  avoided  : — 

1.  Clay  soils,  especially  in  India. 

2.  Ground  at  the  foot  of  hills  or  in  deep  valleys  or  ravines  which  receive 
the  drainage  from  higher  levels. 

3.  Eavines  are  always  dangerous,  as  are  also  elevated  sites  near  them 
Malaria  is  carried  up  through  them  by  air  currents,  and  generally  they  are' 
receptacles  for  decaying  and  rank  vegetation. 

4.  Any  ground  covered  with  rank  vegetation,  as  where  this  exists  the> 

'  La  Vie  du  Soldat.    By  Dr.  E.  Eavenez,  1889. 
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subsoil  water  is  close  to  the  sm-face  and  there  is  usually  much  decaying 
matter. 

5.  Low-lying  banks  of  rivers  or  any  grounds  subject  to  periodical  floodings, 
and  especially  any  marsh  lands  partly  covered  with  salt  and  fresh  water. 
The  removal  of  town  barracks  to  country  districts  is  not  always  possible. 
Military  reasons  must  determine  the  position  to  be  occupied  by  a  military 
force,  but  whenever  barracks  can  be  placed  in  the  open  country,  such  posi- 
tions should,  if  possible,  be  selected  in  preference  to  sites  in  town  districts, 
for  although  it  is  not  always  possible  to  assign  the  precise  influence  which  the 
position  of  barracks  exercises  on  the  health  of  troops,  there  is  no  reason  to 
doubt  that  barracks  located  in  close  unhealthy  neighbourhoods  are  influenced 
by  the  same  conditions  which  govern  health  in  such  neighbourhoods.  More 
especially  is  this  the  case  with  regard  to  hospitals,  on  account  of  the  great 
susceptibility  of  sick  men  to  the  eflects  of  impure  air.  It  is  obvious  that 
when  barracks  have  to  be  placed  in  towns,  the  buildings  should  be  placed 
over  as  wide  an  area  as  possible. 

Construction  of  Barracks. — The  plan  on  which  barracks  were  formerly 
i)mlt  in  Great  Britain,  Ireland,  and  the  Colonies  exhibits  every  possible 
variety  both  as  regards  their  design  and  internal  arrangement.  In  many 
cases  the  chief  object  in  their  construction  appears  to  have  been  to  place  as 
many  men  as  possible  on  the  ground  at  the  disposal  of  the  engineer  who 
■designed  them.  Since  the  Eoyal  Commission  on  the  Sanitary  Condition  of 
Barracks  and  Hospitals  issued  their  report  and  pointed  out  the  errors  made 
in  this  respect,  a  great  improvement  has  taken  place,  and  now  all  barracks 
are  built  on  a  standard  plan,  with  such  modifications  as  are  necessarily  re- 
quired according  to  locality  and  climate. 

In  the  construction  of  a  barrack,  where  a  number  of  men  must  be  massed 
together,  it  is  of  the  first  importance  to  keep  the  air  in  the  immediate  vicinity 
■of  their  rooms  as  pure  as  possible  ;  therefore,  all  latrine  accommodation, 
baths,  kitchens,  &c.,  should  not  form  part  of  the  buildings  but  should  occupy 
separate  sites  away  from  them.  The  buildings  themselves  should  have  free 
external  ventilation  all  round,  and  so  placed  in  temperate  and  cold  chmates 
as  to  receive  as  much  smilight  as  possible.  In  this  country  the  best  arrange- 
ment is  a  single  line,  lying  north  and  south,  so  as  to  allow  the  sun  to  shine 
on  both  sides  during  the  day. 

If  the  arrangement  is  in  the  form  of  a  square,  the  angles  of  the  square 
-should  be  left  open  to  allow  of  the  circulation  of  air.  Free  access  of  sunlight 
should  be  provided  for. 

Barracks  are  best  constructed  of  only  two  stories.  The  groimd  floor  may 
be  used  for  libraries,  day  rooms,  or  administration  purposes  ;  but  basements 
should  never  be  occupied  by  men  as  barrack  rooms  ;  they  are  always  liable 
to  be  damp,  and  the  air  in  them  is  generally  stagnant. 

Each  range  of  barracks  should  consist  of  separate  houses,  completely  in- 
dependent of  one  another.  Where  houses  abut,  the  party  walls  ought  to  be 
carried  above  the  roof. 

Each  house  should  be  divided  up  the  middle  by  a  large  staircase, 
extending  to  the  top  and  ventilated  through  the  roof.  This  will  prevent  the 
air  of  opposite  barrack  rooms  intermingling. 

The  limit  of  size  for  a  barrack  room  is — Length,  GO  ft.  ;  breadth,  20  ft. ; 
height,  12  ft.  This  size  of  room  will  give  14,400  cubic  feet,  and  is  intended  for 
twenty-four  men.  Each  man  has,  therefore,  600  cubic  feet  of  space.  As  some 
of  this,  however,  is  taken  up  with  furniture,  &c.,  an  additional  2  ft.  has  been 
allowed  to  the  length  in  all  the  new  barracks.  If  the  length  is  G2  ft.  each  man 
•will  have  52  superficial  feet  of  space.  At  one  end  of  the  room  is  the  door  leading 
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on  to  the  central  staircase  and  a  room  for  the  sergeant  of  the  section,  14  ft. 
long,  10  ft.  wide,  and  12  ft.  high.  At  the  other  end  is  a  narrow  passage 
leading  to  an  ablution  room,  one  basin  and  a  urinal  being  provided  for  every 
four  men.  In  some  of  the  latest  barracks  the  lavatory  and  urinals  are  placed„ 


near  the  head  of  the  staircase,  in  the  centre  of  the  building  ;  this  is,  without 
question,  a  retrograde  step. 

Usually  two  such  barrack  rooms  are  placed  in  a  line,  the  lavatories  at 
the  free  ends.  A  house  therefore  contains  a  company  in  four  rooms,  if  it  is 
double  storied,  and  ten  such  houses  will  suffice  for  a  regiment.     Each  room. 
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is  provided  with  two  ventilating  shafts,  also  inlets  for  fresh  air  between  the 
windows  and  a  ventilating  fire-grate  (Galton's). 

As  a  rule,  the  number  of  windows  is  half  as  many  as  the  number  of  beds  ; 
they  are  on  opposite  sides  of  the  room,  and  carried  up  to  within  a  few  inches 
•of  the  ceiling. 

Cavalry  Barracks. — In  many  of  the  older  barracks  the  men's  rooms  were 
placed  over  the  stables.  The  supposed  advantages  gained  by  this  arrange- 
ment were  (1)  increased  cubic  space;  (2)  less  exposure  to  the  men  in  passing 
to  their  stables,  and  greater  convenience. 

The  Barrack  Improvement  Commissioners  have,  however,  shown  that  it 
is  impossible  to  ventilate  satisfactorily  a  stable  accommodating  a  large 
number  of  horses  if  anything  beside  the  roof  is  interposed  between  the 
stable  and  the  outer  air,  and  that  it  is  equally  impossible  to  keep  the  air  in 
men's  rooms  over  stables  pure  and  free  from  stable  odour. 

The  new  model  troop  stable  is  arranged  for  forty-eight  horses.  The  length 
of  the  stable  is  143  ft.  8  in. ;  breadth,  33  feet ;  height  of  side  walls  to  spring 
of  roof,  12  feet ;  total  height,  20  ft.  6  in.  Each  horse  is  arranged  to  have 
1,605  cubic  feet  of  air  and  100  superficial  feet  of  space.  The  stalls  are  5  ft. 
6  in.  wide,  9  ft.  6  in.  in  length,  and  the  width  of  the  passage  between  the 
stalls  is  14  feet.  Over  the  head  of  each  horse  is  placed  a  window  3  ft.  4  in. 
high  by  2  ft.  6|  m.  wide  ;  an  air  brick  is  placed  between  every  stall  6  inches 
from  the  ground,  and  a  course  of  air  bricks  is  carried  around  the  eaves  of  the 
building.  The  roof  is  open  at  the  ridge  by  means  of  a  louvre,  which  allows 
4  square  feet  of  ventilating  outlet  per  horse,  and  a  continuous  skylight  is 
carried  along  on  one  side  of  it. 

Non-commissioned  Officers'  Rooms. — Warrant  officers  and  schoolmasters 
are  entitled  to  two  rooms  and  a  kitchen.  When  possible  their  quarters  will 
be  separated  from  those  of  the  non-commissioned  officers  and  men.  Married 
senior  non-commissioned  officers  are  entitled  to  two  rooms  ;  other  sergeants 
have  one  room  each.  The  rooms  are  about  14  feet  long,  12  feet  in  breadth 
and  10  feet  high,  giving,  when  empty,  1,680  cubic  feet. 

Married  Soldiers'  Quarters. — Each  married  soldier  is  entitled  to  one  room 
14  feet  by  12  feet,  giving  168  superficial  and  1,680  cubic  feet  of  space.  No 
man  under  the  rank  of  sergeant  is  allowed  to  marry  unless  he  has  completed 
seven  years'  service.  With  the  present  short  service  system  the  number  of 
married  soldiers  is  comparatively  few,  and  generally  there  is  no  difficulty  in 
providing  them  with  two  rooms  each.  There  are  also  separate  latrmes  pro- 
vided for  females,  and  a  wash-house  adjacent  to  their  quarters. 

Guard  Boom. — This  room  is  about  24  feet  long,  18  feet  wide,  and  14  feet 
"high.  Two  rooms  open  out  of  it,  capable  of  being  overlooked  from  the 
guard-room — one  for  prisoners,  the  other  for  men  who  are  awaiting  trial.  It 
affords  600  cubic  feet  per  man,  and  is  ventilated  on  the  same  principle  as 
barrack  rooms. 

Ablution  Rooms. — These  are  now  provided  in  every  barrack,  with  clean 
water  laid  on  and  basins  in  the  proportion  of  one  to  every  four  men.  The 
basins  are  either  of  slate  or  iron.  In  many  instances  baths  are  also  provided. 
The  Barrack  Commissioners  recommended  that  one  bath  be  provided  for 
every  100  men. 

Kitchens. — These  should  not  be  under  the  same  roof  as  the  barrack 
rooms,  but  at  no  greater  distance  than  100  yards,  so  as  to  allow  the  dinners 
to  be  brought  hot  to  the  men.  Cooking  is  now  frequently  done  by  steam, 
but  ovens  are  used  when  the  rations  are  baked.  The  amount  of  coal  used  is 
generally  about  10  lbs.  per  week  for  every  7  men. 

Ventilation  of  Barrack  Rooms. — In  each  barrack  room  ventilating  shafts 
are  provided  to  act  as  outlets,  the  sectional  area  of  the  shafts  being  dependent 
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on  the  cubic  contents  of  the  room,  but  it  is  not  made  larger  than  one  square 
foot ;  if  more  outlet  is  required,  another  shaft  is  put  up. 

In  rooms  on  the  top  floor  of  a  barrack  a  sectional  area  of  1  inch  is  allowed 
for  every  50  cubic  feet  of  room  space ;  for  floors  next  below  the  upper  floor  a 
sectional  area  of  1  inch  to  55  cubic  feet  of  room  space ;  and  when  the  barrack 
consists  of  three  floors,  the  lower  floors  have  a  sectional  area  of  1  inch  to 
60  cubic  feet  of  room  space. 

The  movement  of  air  in  these  shafts  is  tolerably  regular.  Each  shaft 
removes  about  600  cubic  feet  per  man  per  hour,  the  usual  current  at  night 
being  from  3  to  5  feet  per  second. 

These  foul- air  shafts  are  carried  from  one  angle  of  the  ceiling  to  3  or 
4  feet  above  the  roof,  and  are  protected  by  louvres  to  prevent  the  air  beating 
•down.  The  shafts  are  made  of  f  inch  deal,  very  smooth  inside,  and  rebated 
and  grooved  together  at  the  angles. 

In  addition  to  these  shafts  there  is  the  chimney,  which  gives  a  sectional 
area  per  head  of  about  G  square  inches.  This  removes  about  the  same 
quantity  of  foul  air  as  the  ventilating  shafts,  so  that  each  man  is  provided 
with  from  16  to  18  square  inches  of  outlet  area,  capable  of  remo\'ing  1,200 
cubic  feet  of  air  per  man  per  hour. 

Inlets  for  Fresh  Air. — All  inlets  admitting  air  direct  are  placed  near  the 
ceiling.  The  form  adopted  is  a  perforated  air  brick  of  different  sectional 
areas,  according  to  the  number  of  men  the  room  is  intended  to  contain.  The 
sectional  area  adopted  allows  1  square  inch  for  every  60  cubic  feet  of  contents 
■of  the  room,  but  if  warm  air  is  admitted  round  the  fire-grate  and  distributed, 
as  will  be  presently  described,  1  square  inch  to  every  120  cubic  feet  of 
contents  is  sufficient. 

The  air  is  delivered  into  the  room  through  valves  either  louvred  or 
hopper-shaped.  In  the  latter  form  the  air  is  deflected  towards  the  ceiling. 
The  upper  side  of  this  valve  is  formed  of  perforated  zinc,  the  area  of  which 
is  from  six  to  eight  times  the  area  of  the  inlet  from  the  outer  air.  Area  of 
outer  opening  =  5  square  inches  per  man. 

The  outlet  and  inlet  shafts  should  be  placed  as  far  from  each  other  as 
possible,  to  enable  thorough  diffusion  of  the  inflowing  air  to  take  place.  The 
best  position  for  the  foul-air  shafts,  however,  is  at  one  side  or  the  other  of 
the  fire-place  and  not  opposite  to  it. 

Warm  air  is  also  provided  for  by  the  following  plan.  Air  is  admitted 
through  a  shaft  from  the  external  air  to  the  air  chamber  at  the  back  of  the 
fire-place.  This  shaft  or  tube  should  contain  1  superficial  inch  of  sectional 
area  for  every  100  cubic  feet  of  room  space.  Care  should  be  taken  to  draw 
the  air  from  a  pure  source.  From  the  air  chamber  the  air  is  conducted  into 
the  room  by  a  shaft  and  through  a  louvred  opening  placed  as  near  the  ceil- 
ing as  possible  ;  the  louvres  being  bevelled  upwards  so  as  to  cause  the  air 
current  to  impinge  against  the  ceiling.  Area  of  tube,  6  square  inches  per 
head ;  total  inlet  area  =  11  square  inches  per  man.  By  this  system  each 
room  is  ventilated  by  itself,  and  independently  of  any  other  room,  and  1,200 
cubic  feet  of  fresh  air  per  man  per  hour  in  a  room  space  of  600  cubic  feet  per 
man  is  provided. 

Water  Sjipply. — By  decision  of  the  Secretary  of  State  for  War,  a  soldier 
receives  15  gallons  daily.  No  extra  allowance  is  made  for  wives  and 
children  in  a  regiment. 

Barbacks  in  Hot  Climates 

The  Indian  Sanitary  Commission  have  prepared  standard  plans  suitable 
for  different  localities  in  India,  and,  while  the  detailed  design  is  left  to  local 
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officers,  certain  general  principles  are  strictly  laid  down.  The  number  of 
men  to  be  placed  under  one  roof  is  fixed  at  40  or  50 ;  the  number  of  men  in 
one  room  to  be  about  16,  but  in  no  case  to  exceed  24.  The  barracks  are  to 
be  two-storied  in  the  plains,  and  one-  or  two-storied  in  the  hills,  both  floors 
being  used  as  dormitories.  Single  verandahs  of  10  or  12  feet  wide  surround 
these  rooms.  In  the  plains  each  bed  has  7|  ft.  of  running  wall  space,  in  the 
hills  7  ft. 

The  Indian  Army  Eegulations  sanction  the  following  scale  of  superficial 
and  cubic  space  for  European  and  Native  troops  in  India.  In  the  Plains  : 
Superficial  space,  90  ft. ;  cubic  space,  1,800  ft. ;  height  of  room,  20  ft. ;  width, 
24  ft.  In  the  Hills  :  Superficial  space,  60  ft. ;  cubic  space,  600  ft. ;  height  of 
room,  10  ft. ;  width,  22  ft. 

Married  quarters  are  provided  in  one-storied  blocks.  Two  rooms  (with 
verandah)  are  provided  for  each  family.  The  rooms  are  16  ft.  by  14  ft.  and 
14  ft.  by  10  ft. 

The  same  principles  of  ventilation  are  applied  to  these  barracks  as  to  the 
barracks  at  home.  The  area  of  the  shafts  is  ordered  to  be  1  square  hach  to 
every  15  or  20  cubic  feet ;  in  the  lower  rooms  the  shafts  are  to  be  built  in 
the  walls  ;  in  the  upper  rooms  to  be  in  the  centre.  The  number  of  doors  and. 
windows  render  it  unnecessary  to  provide  special  inlets  for  fresh  air  ;  outlets 
should  be  placed  as  at  home,  or,  if  one-storied  buildings  be  adopted,  ridge 
ventilation  may  be  substituted  for  shafts. 

In  all  barracks  punkahs  are  used  at  certain  seasons  of  the  year.  They 
assist  in  ventilation  by  displacing  masses  of  air.  "When  the  weather  is  dry 
and  hot,  tatties  are  used  to  cool  the  air ;  but  they  can  only  be  made  available 
for  this  purpose  when  the  air  is  moving  and  dry.  The  evaporation  of  water 
is  the  great  cooling  agency. 

The  temperature  may  be  reduced  10°  to  15°  by  allowing  the  hot  dry  wind 
to  blow  through  wet  kuskus  tatties.  When  the  air  is  stagnant  thermantidotes 
may  be  used,  and  if  the  air  is  dry,  thin  wet  mats  made  of  kuskus  grass  are 
suspended  in  the  discharge  tubes  ;  or  blocks  of  ice  may  be  placed  in  the 
channel  near  the  outlet  opening.  The  latter  plan  is  the  only  available  one 
when  the  air  is  moist. 

In  India  almost  every  barrack  has  its  plunge  bath  :  the  supply  of  water 
is  in  most  cases  unlimited.  Washhouses  are  also  provided  on  the  same  plan 
as  adopted  at  home. 

The  system  of  excrement  disposal  generally  adopted  throughout  India 
is  the  'dry  earth'  system.  The  latrines  are  well  kept,  and  their  contents 
regularly  removed.  As  regards  barracks  the  system  answers  well,  but  great 
care  is  required  to  see  that  the  contents  are  disposed  of  properly. 

The  receptacles  are  emptied  into  closed  carts  twice  daily  ;  but  the  natives 
who  perform  this  duty  require  close  watching,  otherwise  they  are  apt  to 
deposit  the  contents  of  their  carts  on  the  surface,  in  place  of  in  trenches.  The 
earth  supplied  for  the  purpose  of  deodorisation  must  be  clean  and  absorbent.. 
Sand  is  of  little  use  for  this  purpose. 

Hut  Babkacks 

The  first  essential  consideration  is  to  secure  a  dry  subsoil,  as  dry  porous, 
soil  is  absolutely  necessary  to  health,  and  the  ground  should  be  effectually 
drained  to  such  a  depth  as  will  free  the  subsoil  Avater. 

The  hut  should  be  so  placed  as  to  be  free  of  all  surrounding  higher  ground, 
and  under  no  circumstances  should  any  part  of  it  be  bedded  in  the  ground, 
otherwise  damp  is  sure  to  find  its  way  under  the  flooring. 
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The  ground  occupied  by  a  hut  should  be  cleared,  levelled,  and  drained. 
The  hut  should  be  provided  with  ridge  ventilation  and  projecting  eaves  to 
carry  off  the  rain-water  from  the  foundations  ;  it  should  have  the  requisite 
number  of  windows,  and  should  be  raised  sufficiently  above  the  ground  to 
allow  a  free  current  of  air  to  pass  underneath  the  flooring.  In  hot  climates 
the  roof  and  sides  should  be  double,  if  these  latter  are  not  protected  from  the 
sun  by  verandahs. 

Huts  are  best  placed  en  dchelon,  so  as  to  receive  the  full  advantage  of 
winds. 

Ventilation  is  effected  by  openings  in  the  ridge,  or  outlet  shafts  may  be  used, 
passing  through  the  roof  and  terminating  in  louvres  and  inlets  under  the  eaves» 

Warming  may  be  effected  by  the  use  of  stoves  or  an  open  grate.  The 
latter  is  preferable,  as  it  assists  in  ventilation.  The  construction  of  huts  de- 
pends on  whether  they  are  used  for  temporary  purposes  or  whether  they  are- 
intended  to  be  of  a  more  or  less  permanent  character.  In  the  latter  case  the 
sides  are  usually  built  of  brick. 

In  the  German  Army  the  Docker  huts  are  largely  used,  and  are  said  to 
answer  well.  They  have  recently  been  favourably  reported  on  in  this  country. 
They  are  made  of  wooden  or  iron  frames,  covered  with  a  special  kind  of  felt,, 
lined  with  canvas.  They  are  very  portable,  and  the  fastenings  are  so  arranged 
that  they  can  be  put  together  in  a  very  short  time.  These  huts  are  well 
ventilated  by  windows,  cross  louvres,  and  ridge  ventilation,  and  can  be  easily 
warmed,  if  this  is  desired. 

Lord  Wolseley  recommends  that  temporary  huts  on  service  should  be  con- 
structed to  hold  twenty-eight  men,  and  of  the  following  proportions  :  Length,. 
32  feet ;  breadth,  16  feet ;  height  to  eaves,  6  feet ;  height  to  ridge,  16  feet. 
The  cubic  space  should  be  400  cubic  feet  per  man.  Two  such  huts  are 
placed  end  to  end  with  one  chimney  between  them. 

The  roof  may  be  made  of  felt  or  tarred  calico,  secured  by  strips  of  wood. 
In  the  tropics,  if  the  rainfall  is  heavy,  the  roof  should  be  made  steep,  to  throw 
off  the  rain. 

If  the  flooring  is  made  of  wood,  it  should  be  fastened  by  screws  and  not 
nails.  This  will  allow  the  boards  to  be  taken  up,-  if  necessary,  and  the  space 
beneath  cleaned.  If  the  floor  is  of  earth,  a  little  of  the  surface  earth  may  be 
removed  occasionally  and  replaced  by  clean  gravel.  Ashes  from  wooden 
fires,  well  rammed  down,  make  an  excellent  floor. 

Camps 

The  worst  site  for  a  camp  is  clay  soil,  or  a  clay  subsoil  coming  near  the 
surface.  Such  soils  are  retentive  of  water,  and  keep  the  atmosphere 
over  them  damp.  They  should  therefore,  if  possible,  be  avoided.  Ground 
immediately  at  the  foot  of  a  slope  is  apt  to  be  damp  and  unhealthy,  on  account 
of  receiving  water  from  the  higher  levels.  In  tropical  climates,  localities 
exposed  to  winds  blowing  over  low  marshy  ground  are  unsafe  on  account  of 
malarial  fevers  ;  for  the  same  reason  elevated  sites  on  the  margin  of  steep 
ravines,  up  which  malaria  may  be  carried  by  air  currents,  are  apt  to  be  un- 
healthy, as  are  also  deep  narrow  valleys  or  gorges  covered  with  dense  vege- 
tation. 

Ground  covered  with  rank  vegetation,  especially  in  the  tropics,  is  un- 
healthy, partly  on  account  of  the  amount  of  decaying  matter  in  the  soil, 
partly  because  the  presence  of  such  vegetation  is  in  itself  a  mark  of  the  pre- 
sence of  a  high  subsoil  water  or  of  a  humid  atmosphere.  In  hot  climates, 
the  banks  of  rivers,  especially  if  the  water  is  stagnant,  marsh  land,  land 
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subject  to  periodical  floodings,  and  especially  if  it  is  covered  with  mixed  salt 
and  fresh  water,  is  unhealthy. 

A  porous  subsoil,  not  encumbered  with  vegetation,  with  a  good  fall  for 
drainage,  not  receiving  and  retaining  water  from  any  higher  ground  and  the 
prevailing  winds  not  blowing  over  a  marsh,  wiU  afford  the  best  sites. 

In  the  Begulations  and  Instructions  for  Encampments,  issued  by  the 
Quartermaster-General's  Department,  the  following  points  are  laid  down  as 
of  importance  : — 

(1)  The  length  of  time  troops  are  to  occupy  the  camping  ground. 

(2)  That  order,  cleanliness,  ventilation,  and  salubrity  are  to  be  ensured. 

(3)  That  means  of  passing  freely  through  the  camp  are  essential. 

(4)  That  a  straggling  camp  increases  labour  of  fatigue  duties,  and  im- 
pedes delivery  of  supplies  and  circulation  of  orders. 

(5)  That  the  more  compact  the  camp,  the  easier  it  is  to  defend. 

The  site  of  every  tent  should  be  trenched.  The  ground  between  the  lines 
of  tents  should  also  be  trenched,  and  all  drains  should  be  so  laid  as  to  have 
an  outlet.  The  more  space  allowed  between  the  tents,  when  laying  out  a 
camp,  the  better,  as  density  of  population  in  camps,  as  well  as  in  cities,  has 
a  serious  influence  on  health  ;  surface  overcrowding  being  one  of  the  chief 
<3auses  of  camp  diseases. 

Assuming  a  square  mile= 3,097,600  square  yards,  and  15  men  to  a  tent 
as  the  population,  the  following  table  gives  the  surface  area  per  tent  for 
different  densities  of  population  per  square  mile  : — 


No.  of  square  yards  per  tent 

No.  of  tents  per  square  mile 

No.  of  troops  per  square  mile  at 
15  men  per  tent 

50 
100 
200 
400 
800 
1,000 

61,953 

30,976 

15,488 

7,744 

3,872 

3,097 

929,280 
464,640 
232,320 
116,160 
58,080 
46,464 

If  the  strength  be  as  in  Column  1,  and  using  the  above  measurements, 
the  following  table  gives  the  density  of  population  for  each  mihtary  unit, 
according  as  to  whether  it  is  encamped  on  its  maximum  or  minimum 
arround  area : — 


- 

strength 

Square 
yards 

Acres 

Men 
per  acre 

Men  per 
sq.  mile 

Infantry  battalion,  maximum 
„                „         minimum 

Cavalry  regiment,  maximum 
,,              „          minimum 

Battery         .... 

Field  company,  E.E.    . 

Bearer  company   . 

Field  hospital 

1,011 
1,011 
630 
630 
154 
182 
66 
145 

21,600 

7,800 

34,000 

15,000 

11,200 

7,500 

8,400 

11,200 

4-46 
1-61 
7-02 
3-09 
2-31 
1-54 
1-73 
2-31 

226 
628 

89 
204 

67 
118 

38 

62 

144,640 
401,920 
56,960 
130,560 
42,880 
75,520 
24,320 
39,680 

For  comparison,  the  following  table  is  given,  showing  the  densities  of 
population  on  the  built  area  of  a  few  of  the  most  crowded  locahties : — 

St.  Anne's,  Soho  .        .         .  196,800  persons  per  square  mile, 

Liverpool 72,833 

Manchester        ......  56,256         „  ,,         „ 

Birmingham 33,600        „  „         „ 
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But  these  are  places  where  drainage,  paving,  and  sanitary  works  have 
heen  carried  out,  and  where,  notwithstanding  these  advantages,  the  mortality 
.and  sickness  are  high  compared  with  less  crowded  localities. 

It  will  be  seen  from  the  above  tables  that  a  Cavalry  regiment  encamped 
upon  its  maximum  area  is  as  densely  populated  as  Manchester,  and  an 
Infantry  battaHon  occupying  its  minimum  space  would  have  twice  as  dense 
a  population  as  the  most  crowded  part  of  England — viz.  St.  Anne's,  Soho. 

The  compression  of  any  camp  must  depend  on  the  size  of  the  ground 
.and  the  nature  of  the  service  on  which  troops  are  employed,  but  these  tables 
■clearly  show  that  camps  in  the  most  '  open  order,'  as  laid  down  in  regulations, 
.  are  densely  populated. 

In  laying  out  a  camp,  tents  should  never  be  arranged  in  double  line ; 
short  single  lines  are  best. 

The  tents  in  line  should  be  separated  from  each  other  by  a  space  at  the 
very  least  equal  to  a  diameter  and  a  half  of  the  tent,  and  the  further  the  lines 

•  can  be  conveniently  placed  from  each  other  the  better. 

The  floor  of  a  tent  should  never  be  excavated,  with  a  view  to  increase  the 
space ;  water  is  apt  to  lodge  in  the  cavity ;  the  space  is  nearly  always  damp, 
.  and  the  occupants  are  exposed  to  ground-air  emanations.     Men  should  never 
sleep  below  the  level  of  the  ground,  but  if  possible  above  it. 

To  prevent  the  subsoil  beneath  the  tent  becoming  saturated  with  filth, 
tents  should  occasionally  be  shifted  to  fresh  ground  within  the  same  lines,  so 
as  to  expose  the  vacated  sites  to  sun  and  air.     It  is  well  known  that  tents 
■  occupying  the  same  ground  for  a  length  of  time  become  unhealthy. 

The  German  regulations  order  that  the  soil  underneath,  if  not  absolutely 

•  clean  and  firm,  should  be  dug  out  to  the  depth  of  one  foot  and  replaced  by 
gravel,  coal-dust,  &c.,  shghtly  watered  and  covered  by  a  few  boards  until 
dry  and  hard. 

Whenever  possible,  the  floors  of  tents  should  be  boarded,  the  boards 
being  loose,  so  as  to  be  easily  removed.  If  boards  cannot  be  obtained,  water- 
proof sheets  should  be  used ;  the  soil  should  be  beaten  down,  so  as  to  render 
it  less  permeable  ;  the  surface  scraped  from  time  to  time  and  replaced  by 
■clean  gravel  or  ashes  from  the  wood  fires. 

If  straw  is  used  for  bedding,  it  is  best  to  make  it  into  mats  of  a  triangular 
shape  and  two  or  three  inches  in  thickness.  These  can  be  taken  up  during 
the  day  and  exposed  to  the  sun  and  air. 

As  there  is  almost  no  ventilation  in  tents,  the  sides  should  be  raised 
during  the  day  and  to  leeward  at  night.  The  tent  door  should  never  be 
closed. 

Camp  latrines  should  be  placed  to  leeward  of  prevailing  winds,  and 
as  far  removed  from  the  tents  as  is  compatible  with  convenience.  They 
should  be  dug  deep  and  narrow,  and  their  contents  covered  over  every  evening 
with  several  inches  of  fresh  earth.  Care  should  be  taken  not  to  place  them 
near  existing  wells,  nor  to  dig  wells  near  where  latrines  have  been  placed. 
When  the  latrines  are  filled  within  two  or  three  feet  of  the  surface,  earth 
should  be  thrown  in  and  well  raised  so  as  to  mark  the  site.  It  is  well  to 
screen  ofi"  the  latrines  with  any  available  material. 

Horses  or  other  animals  should  always  be  placed  to  leeward  of  the  men's 
tents. 

Ail  refuse  material  that  can  be  disposed  of  by  burning  should  be  got  rid 
of  in  that  way.  If  this  cannot  be  done,  it  should  be  removed  daily  to  some 
spot  at  a  safe  distance  from  the  camp. 

Dead  animals  and  the  debris  from  slaughter-houses,  &c.,  should  be  buried 
in  dry  earth  at  sufficient  depth,  and  at  a  distance  to  leeward  of  the  camp. 
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Tents 


The  essentials  of  a  good  tent  are — (1)  that  it  should  be  waterproof ;  (2)  that 
it  should  be  ventilated  by  large  outlets  near  the  roof;  (3)  that  in  the  tropics 
a  double  fly  be  pro%dded  ;  (4)  that  it  should  be  as  hght  as  possible  ;  (5)  that 
the  colour  should  not  be  easily  seen  by  the  enemy.  The  following  are  the 
tents  used  in  the  British  Army  on  home  service  : — 

The  Circular  or  Bell  Tent. — A  round  tent,  with  sides  straight  to  one  foot 
high  and  then  slanting  to  a  central  pole.  Diameter  of  base,  12-5  ft. ;  height, 
10  ft. ;  area  of  base,  123  square  feet ;  cubic  space,  492  cubic  feet.  Weight,  when 
dry,  including  poles,  about  72  lbs.  and  wet  about  89  lbs.  The  canvas  is  made 
of  linen  or  cotton.     This  tent  holds  from  twelve  to  sixteen  men. 

The  Hospital  Marqiiee. — A  quadrangular  tent,  with  two  poles  and  double 
canvas.  Length,  30  feet ;  breadth,  15  feet ;  height  of  sides,  5  ft. ;  height  tO' 
ridge,  15  ft. ;  area  of  base,  about  385  square  feet ;  cubic  space,  3,336  cubic  feet. 
Weight,  when  dry,  512  lbs.  and  wet,  660  lbs.  This  tent  is  provided  with  a 
waterproof  sheet  (weight,  145  lbs.)  to  lay  on  the  ground,  and  is  intended  to 
hold  from  ten  to  sixteen  patients  ;  with  the  latter  number  there  is  some  over- 
crowding. Ventilation  is  by  an  opening  in  the  roof ;  the  sides  also  can  be 
raised,  if  requii-ed.  This  tent  is  now  only  used  at  the  base  of  operations 
when  buildings  are  not  available :  it  forms  no  part  of  the  movable  field 
equipment.  Lord  Wolseley  condemns  this  tent  as  cumbersome,  excessively 
heavy,  and  difficult  to  pitch. 

Circular  Tent. — A  double  circular  tent,  with  higher  walls  and  without 
lining,  has  been  approved  for  hospital  purposes.  It  weighs  about  100  lbs.  and 
is  intended  to  accommodate  fom'  sick  or  wounded  men.  This  tent  forms  part 
of  the  new  field  equipment. 

Shelter  Tents. — There  is  no  official  shelter  tent  for  the  Enghsh  Army. 

In  India  the  following  tents  are  in  use  : — 

British  PrivoJes. — With  two  poles  and  ridge,  double  fly.  Length  20  ft. ;. 
breadth,  16  ffc. ;  height  of  waUs,  5  ft.  6  in. ;  height  to  ridge  poles,  10  ft. 

6  in.     Cubic  space,  2,373  cubic  feet.     This  tent  is  used  for  inland  service,, 
and  accommodates  sixteen  healthy  men  or  eight  sick. 

Mountain  Service. — With  two  poles  and  ridge.  Length,  12  ft. ;  breadth, 
8  ft. ;  height  of  walls,  10  in. ;  height  to  ridge  poles,  8  ft.  Cubic  space 
544  cubic  feet.  This  tent  is  used  for  field  hospitals  to  accommodate  four 
sick. 

General  Service. — With  three  poles  and  ridge.  Weight,  160  lbs. ;  length, 
14  ft. ;  breadth,  14  ft. ;  height  of  waUs,  1  ft. ;  height  to  ridge  pole,  7  ft. 
Cubic  space,  686  cubic  feet.  This  tent  is  used  for  field  service,  and  accom- 
modates 16  British  or  20  Native  soldiers,  or  25  followers. 

General  Service  (small). — With  two  poles  and  ridge.  Weight,  80  lbs. ;. 
length,  8  ft.  ;  breadth,  14  ft. ;  height  of  walls,  1  ft. ;  height  to  ridge  pole, 

7  ft.     Cubic  space,  392  cubic  feet.     This  tent  is  used  for  field  service,  and 
accommodates  8  British  or  10  Native  soldiers,  or  12  followers. 

In  the  French  Army  the  following  are  the  tents  in  use  : — 

The  tente  d'abri,  or  shelter  tent,  intended  for  3  or  4  men.  It  is  heavy^ 
and  is  now  only  used  beyond  the  confines  of  Euroi)e. 

Tente  Conique  or  Tente  d  Marabout. — Intended  to  hold  16  men.  Weight,. 
129  lbs. 

Tente  Conique  et  a  Murailles. — Intended  for  16  men.  This  is  a  circular 
tent  and  is  specially  ventilated  at  the  top.  An  iron  ring  12  in.  in  diameter 
receives  the  canvas  which  is  sewn  round  it.     The  opening  can,  if  required. 
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1)6  closed  at  the  top  by  a  wooden  rest  which  slides  on  the  top  of  the  pole ; 
iihis  opening  gives  113  square  inches  for  ventilation. 

In  the  German  Army  the  following  tents  are  in  use  : — 

A  conical  tent,  with  a  single  pole,  like  the  English  bell  tent.  Height  of 
pole,  12  ft. ;  diameter  at  base,  15  ft.  ;  weight  88  lbs.  Superficial  space  per 
man,  12  square  feet ;  cubic  space  per  man,  70  cubic  feet.  This  tent  is  intended 
for  15  men. 

Shelter  Tent. — The  German  Army  has  adopted  a  shelter  tent  for  use  on 
field  services  ;  the  component  parts  of  the  tent-poles  and  canvas  are  distributed 
among  as  many  men  (two  at  least)  as  are  meant  to  be  sheltered  by  it.  The 
canvas  part  is  carried  rolled  round  the  soldier's  overcoat,  which  is  strapped 
down  on  the  top  and  sides  of  the  knapsack,  and  in  bad  weather  this  tent 
section  may  be  unrolled  and  worn  as  a  watertight  poncho  by  the  bearer. 

German  Hospital  Tent. — This  is  a   rectangular  tent.     Length,   29  ft. 

9  in.  ;  breadth,  24  ft.  6  in. ;  height,  13  ft.  9  in. ;  superficial  space,  723  square 
feet ;  weight,  952  lbs.  It  is  divided  by  curtains  into  three  parts,  a  central  room 
for  sick  and  two  rooms  for  attendants,  utensils,  &c.  The  tents  are  made  with 
a  wooden  framework,  and  there  is  a  hood  for  ventilation.  Each  tent  receives 
only  6  patients.     It  stands  on  an  area  of  63  ft.  by  43  ft. 

In  the  field,  if  no  suitable  building  is  available  in  which  operations  can 
be  performed,  a  bandaging  tent  is  erected.  It  is  rectangular  in  shape ; 
length,  13  ft.  6  in. ;  breadth,  11  ft.  6  in. ;  height,  8  ft.  It  has  a  single  fly, 
and  is  made  entirely  of  waterproof  canvas. 

In  the  Eussian  Army,  a  quadrangular  tent  14  ft.  square  and  7  ft.  high 
is  used  ;  there  is  a  centre  pole,  and  four  corner  poles.  Twelve  men  usually 
-occupy  this  tent. 

The  United  States  War  Department  have  adopted  the  following  tents  : — 

1.  Conical  (modified  Sibley),  16  ft.  5  in.  in  diameter  at  base  ;  waU,  3  ft. ; 
apex,  10  ft. ;  floor,  212  square  feet ;  air-space,  1,450  ft. ;  allowance,  20  Infantry 
or  17  Cavalry  ;  comfortable  for  camp  or  slow  march  with  half  that  number. 

2.  Common  ('  I '  or  modified  '  A  '),  wall,  2  ft. ;  base,  8  ft.  4  in.  x  6  ft. 

10  in.  ;  ridge,  6  ft.  10  in.  from  ground  ;  floor,  57  square  ft. ;  air-space, 
250  ft. ;  allowance,  4  mounted  or  6  foot  men.  Each  Infantryman  would 
have  17  inches  to  lie  in. 

8.  Wall,  9  ft.  square  x  3  ft.  9  in. ;  to  ridge,  8  ft.  6  in. ;  floor,  81  ft.  ; 
air-space  500  ft. ;  covered  by  fly  or  false  roof. 

Hospital  tents  are  larger  wall  tents  (14  x  15  x  4^  ft. ;  wall,  12  ft.  to 
jridge),  that  may  be  opened  at  each  end  and  thrown  together  in  extension.^ 

Military  Hospitals 

In  the  construction  of  hospitals  the  great  points  to  be  secured  are — 
'(1)  purity  of  internal  atmosphere  ;  (2)  abundance  of  pure  air  and  sunlight 
within  the  building  ;  (3)  facihty  of  administration  and  of  discipline.  The 
realisation  of  these  principles  involves  the  selection  of  a  healthy  site  for  the 
.building  ;  simphcity  of  plan  and  construction  ;  a  sufficient  number  of  wuidows 
properly  placed  ;  a  certain  number  and  arrangement  of  wards  ;  proper  ward 
proportions  ;  a  suitable  number  of  offices,  stores,  &c.,  and  easy  means  of  com- 
munication throughout  the  building.^  The  first  of  these  conditions  is  met 
by  placing  the  sick  in  detached  buildings,  with  such  an  aspect  as  will  afford 
the  freest  air  and  the  greatest  light ;  this  is  best  effected  in  hospitals  built  on 
the  pavilion  plan,  in  which  the  sick  can  be  treated  in  small  detached  and 

>  Military  Hygiene.    By  A.  A.  WoodhuU,  Major,  Med.  Depart.,  U.S.  Army,  1890. 
^  Commission  appointed  for  Improving  the  Sanitary   Condition  of  Barracks  and 
Hospitals,  1861, 
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perfectly  ventilated  buildings,  and  where  there  is  no  possibility  of  the  air  of 
one  ward  passing  into  another. 

The  ventilation  of  wards  in  a  military  hospital  is  on  the  same  plan  as  for 
barracks,  except  the  dimensions  are  nearly  doubled. 

The  ward  unit  is  the  foundation  of  the  hospital  plan,  and  the  ward  con- 
struction and  proportions  must  be  based  on  the  number  of  cubic  feet  to  be 
allowed  per  bed.  In  wards  each  man  should  have  at  least  90  square  feet  of 
superficial  space  and  1,200  feet  of  cubic  space.  This  is  the  amount  allowed 
by  regulations  at  home,  but,  if  possible,  a  larger  space  should  be  given. 
In  tropical  climates  (exclusive  of  India)  1,500  feet  of  cubic  space  is  allowed  to 
each  man,  or  an  amount  as  may  be  specially  authorised  for  each  command. 

The  Instructions  for  the  Boyal  Engineer  Department,  1888,  state  the  size 
and  construction  of  hospital  wards  in  the  United  Kingdom  to  be  as  follows  : — 

Ward. — Normal  size  for  24  beds,  87  ft.  x  24  ft.  x  14  ft.  high. 

Ward  for  two  beds,  20  ft.  x  13  ft.  x  14  ft.  high. 

1.  The  regulations  direct  that  the  walls  for  hospitals  shall  be  constructed 
on  the  same  plan  as  those  for  barracks. 

2.  The  bed  space  for  two  beds  between  two  windows  must  not  be  less  than 
9  ft.,  3  ft.  per  bed  and  3  ft.  between  them.     The  bed  space  between  a  wmdow 
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and  an  end  wall  should  be  4  ft.  6  in.  With  the  minimum  distance  between 
the  windows,  their  maximum  interval  width  should  be  5  ft.  6  in.,  giving  for 
each  bed  in  the  large  wards  a  floor  space  of  7  ft.  3  in.  x  12  ft.,  which,  with 
a  height  of  14  ft.,  allows  1,218  cubic  feet. 

The  windows  of  large  wards  should  face  east  and  west.  The  windows 
should  be  2  ft.  6  in.  from  the  floor  to  the  top  of  the  stone  sill,  about  10  ft. 
high,  and  should  run  up  to  within  12  inches  of  the  ceiling  ;  the  inner  sills  tc 
be  bevelled  to  prevent  accumulation  of  dust.  BUnds  should  be  provided  tc 
the  windows  of  wards. 

Doors  to  large  wards  to  be  4  ft.  wide,  hung  in  two,  and  glazed  with  a  swmg 
fanlight  above. 

The  arrangement  of  water-closets  and  urinals  is  a  matter  of  the  greatest 
importance.  The  best  plan  is  to  throw  out  from  one  end  of  the  ward  a  build- 
ing to  contain  the  closets,  and  connect  it  to  the  ward  by  an  intercepting 
lobby.  This  is  the  plan  adopted  in  the  Cambridge  Hospital  at  Aldershot 
and  in  all  the  new  station  hospitals.     (See  fig.  29.) 

The  following  plans  show  the  general  arrangements  adopted  in  the  con- 
Btruction  of  military  hospitals  : — 

The  Herbert  Hospital,  Woolwich,  consists  of  four  double  and  three  single 
pavilions  of  two  floors  each,  all  raised  on  basements.  The  administration  is 
in  a  separate  block  in  front.     The  wards  are  warmed  by  two  central  open 
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fire-places,  with  descending  flues,  round  which  are  air-passages,  so  that  the 
entering  air  is  warmed.  The  floors  are  iron  beams  filled  with  concrete  and 
covered  with  oak  boarding. 

The  Cambridge  Hospital  at  Aldershot  is  on  much  the  same  plan,  but  the 
closets  and  lavatories  are  thrown  out  in  separate  turrets  and  connected  by 
intervening  lobbies. 


Sciui&  'of  £eef' 
Fig.  28. 


Hospitals  in  India 

The  Indian  Army  Begulations  direct  for  each  sick  man  from  102  to  120 
square  feet  of  superficial  area,  and  from  1,630  cubic  feet  of  space  (in  the 
hills)  to  2,400  cubic  feet  (in  the  plains). 

The  principle  and  details  of  hospital  construction  are  identical  with  those 
ordered  for  home  stations. 


Hospital  Organisation,  &c. 

Mihtary  hospitals  are  classified  as  follows  : — 
I.  hi  Districts  and  Commands. 

{a)  General  Hospitals. 

(&)  Station  Hospitals. 

(c)  Lunatic  Hospitals. 

(d)  Hospitals  on  board  ships  conveying  troops. 

(e)  Hospitals  for  soldiers'  wives  and  children. 
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II.   With  an  Army  in  the  Field. 

(a)  General  Hospitals. 

(b)  Hospital  Ships. 

(c)  Hospitals  on  the  Knes  of  commtinication. 

(d)  Field  Hospitals. 

Subject  to  the  officer  commanding  the  district  or  station,  the  senior  medical 
officer  in  charge  of  a  hospital  commands  all  officers  of  the  Army  Medical 
Staff  and  soldiers  of  the  Medical  Staff  Corps  attached  to  the  hospital,  as  well 
as  all  patients  in  hospital  and  officers  and  soldiers  of  other  corps  attached  to 
the  Medical  Staff  Corps  for  duty.  He  is  responsible  for  the  discipline  of  the 
whole  establishment. 

The  medical  officer  in  charge  of  a  military  hospital  is  directly  responsible 
for  all  the  duties  of  the  hospital :  he  will  take  care  that  all  the  instruments, 
medicines,  hospital  equipments,  clothing  and  stores  held  on  inventory  are  in 
good  condition,  sufficient  according  to  regulation,  and  kept  in  safe  custody  ; 
that  the  supplies  are  of  good  quality,  and  that  the  cooking  and  distribution  of 
the  diets  are  properly  carried  out. 

The  nursing  duties  in  general  and  station  hospitals  are  carried  out  by 
nursing  sisters,  under  the  immediate  supervision  of  the  superintendent  or 
acting  superintendent :  they  receive  orders  and  instructions  relative  to  the 
nursing  arrangements  from  the  medical  officers.  Nursing  sisters  are  re- 
sponsible for  the  personal  cleanliness  of  the  patients  in  their  wards,  and  that 
all  medicines,  diets,  &c.,  are  properly  issued.  They  also  assist  in  training,  as 
hospital  attendants  for  nursing  duties,  the  men  of  the  Medical  Staff  Corps. 

Field  Organisation. — The  organisation  for  the  medical  service  for  troops 
in  the  field  consists  of  the  following  parts  : — 

1.  To  each  Infantry  regiment,  regiment  of  Cavalry,  Horse  or  Field  Artillery 
division  of  three  batteries  with  ammunition  column,  and  to  each  Engineer 
company  or  troop,  is  attached  a  medical  officer,  to  afford  such  temporary  assist- 
ance to  sick  and  wounded  as  may  be  required  on  the  line  of  march,  in  camp, 
and  in  action.  He  will  be  furnished  with  a  corporal,  and  a  private  as  orderly 
from  the  regiment,  and  the  trained  bearers  of  the  corps,  in  the  proportion  of 
two  men  per  company,  will  be  placed  at  his  disposal  to  render  first  aid  to  the 
sick  or  woonded  soldier. 

2.  To  each  brigade  of  Infantry  and  Cavalry  is  attached  a  bearer  company, 
consisting  of  three  medical  officers  and  sixty-four  men  of  the  Medical  Staff 
Corps.  In  action  the  bearer  company  is  divided  into  (1)  two  stretcher  sec- 
tions, each  of  one  sergeant  and  sixteen  privates,  and  one  of  which  is  under  a 
surgeon-captain ;  (2)  a  collecting  station,  under  a  sergeant ;  (3)  the  ambu- 
lances ;  and  (4)  a  dressing  station,  under  a  surgeon-major,  assisted  by  another 
medical  officer. 

The  collecting  station  will  be  as  close  as  possible  to  the  fighting  line,  and, 
if  possible,  under  shelter.  The  ambulances  rendezvous  here,  and  as  they  are 
loaded  with  womided  move  off  to  the  dressing  station  ;  having  deposited 
them,  they  return  at  once  to  the  collectmg  station. 

The  dressing  station  is  usually  out  of  range  of  fire.  Any  available  shelter 
may  be  used,  and  there  should  be  a  supply  of  water  at  hand  ;  if  no  building 
is  available  a  tent  must  be  j)itched.  After  the  wounded  are  dressed  and  beef- 
tea,  stimulants,  &c.,  given,  they  are  moved  in  the  ambulances  of  the  second 
line  to  the  field  hospitals.  Each  bearer  company  is  provided  with  ten  four- 
horse  ambulance  waggons  (when  wheeled  transport  is  available),  of  which 
four  are  intended  to  ply  between  the  collecting  and  the  dressing  stations,  and 
six  between  the  dressing  station  and  the  field  hospitals. 

3.  To  each  brigade  is  attached  a  field  hospital  of  100  beds,  the  personnel 
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consisting  of  four  medical  officers,  one  quartermaster,  and  forty  rank  and  file 
of  the  Medical  Staff  Corps.  This  hospital  is  capable  of  being  divided  into  two 
halves  of  fifty  beds  each.  To  each  Infantry  division  is  attached,  in  addition, 
a  field  hospital  in  reserve,  and  an  army  corps  has  a  field  hospital  as  well  for 
corps  details.  A  Cavalry  division  consisting  of  two  brigades  has  the  same 
provision  as  a  division  of  Infantry, 

For  an  entire  army  corps  of  35,110  of  all  ranks,  there  are  provided  six 
field  hospitals  with  the  six  brigades,  a  field  hospital  with  each  division,  or 
three  in  all,  and  one  other  for  the  corps  details,  giving  altogether  ten  hospitals, 
or  1,000  beds  for  35,000  men,  or  about  3  percent,  of  hospital  accommodation 
in  the  second  line. 
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Fig.  30.— Camp  for  Field  Hospital. 

On  the  line  of  communication  stationary  field  hospitals  and  general  hos- 
pitals are  established  at  as  many  points  as  may  be  considered  necessary.  On 
an  assumed  line  of  100  miles  in  length — viz,  50  miles  of  railway  and  50 
miles  of  road — two  stationary  hospitals  and  two  general  hospitals  would  be 
required  for  a  field  force  consisting  of  an  army  corps,  with  a  division  of 
cavalry  and  comprising  in  the  field  and  at  the  base  and  on  the  line  of  com- 
munications a  grand  total  of  41,815. ^  There  are  provided  1,000  beds  in  the 
field  hospitals,  400  beds  in  the  two  stationary  (200  in  each),  and  1,000  beds  in 
the  two  general  hospitals  (500  in  each)  on  the  lines  of  communication,  and 
1,000  beds  at  the  base — in  all,  3,400  beds  for  about  8  per  cent,  of  the  whole 
force. 

Slight  cases  would  be  treated  in  the  field  hospitals,  but  all  cases  likely  to 
>  Army  corps,  35,110  ;  Cavalry  division,  6,705. 
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be  of  a  serious  nature  should  be  sent  to  tlie  base.  The  hospitals  in  the  front 
should  be  kept  empty  as  far  as  possible,  in  order  to  meet  any  emergency  and  tO' 
enable  them  to  advance  with  the  army  ;  if  encumbered  with  sick  this  is  im- 
possible. 

A  field  hospital  is  a  non-dieted  hospital — i.e.  one  in  which  no  hospital 
diets  are  issued,  but  the  sick  have  their  ordinary  field  rations  cooked  for  them  :. 
these  are  supplemented  by  such  medical  comforts  as  are  required.  Beds  or 
stretchers  form  no  part  of  the  field  hospital  equipment. 

Stationary  field  hospitals  on  the  lines  of  communication  form  tlie^ 
third  line  of  medical  assistance.  The  site  for  these  should  be  selected  near 
canals,  roads,  or  railways,  for  the  ready  removal  of  the  sick  and  wounded  to 
the  base.  Each  hospital  is  for  200  patients.  They  are  non-dieted  hospitals, 
but  if  circumstances  permit  they  may  be  either  partially  or  wholly  dieted. 

General  Hospitals  at  the  Base. — These  are  dieted  hospitals,  and  are  fully 
equipped.  Nursing  sisters  form  part  of  the  establishment  of  these  hospitals, 
which  are  organised  in  a  manner  similar  to  a  general  hospital  in  peace. 

The  hospitals  at  the  base  should  never  be  the  ordinary  buildings  of  the 
country  adapted  for  that  purpose.  Such  buildings  have  always  been  found 
unhealthy.  Churches  should  never  be  used,  as  they  are  not  only  cold,  but 
are  subject  to  exhalation  from  graves  in  their  proximity,  and  often  beneath 
them. 

AU  experience  shows  that  the  best  plan  is  to  erect  huts  at  the  base,  or 
wherever  hospitals  are  likely  to  be  of  a  permanent  character.  The  American 
Army,  during  the  latter  part  of  the  war,  discontinued  converting  old  build- 
ings into  hospitals.  They  erected  huts  capable  of  accommodating  50  sick 
men  with  two  rows  of  beds.  The  superficial  area  per  bed  was  87  square 
feet ;  cubic  space  per  man,  1,200  feet. 

The  huts  used  at  Suakim  in  1885  were  of  wood,  the  upper  half  of  the 
walls  movable  or  provided  with  bamboo  chicks  or  matting.  The  roof  was  of 
cork  covered  with  Willesden  waterproof  paper,  and  ventilated  by  means  of 
metal  cowls.  Each  hut  accommodated  12  men,  with  850  cubic  feet  of  space. 
The  floor  was  raised  16  inches  above  the  ground.  The  Docker  hut  (already 
described)  is  largely  used  in  the  German  Army. 

Hospital  Ships. — The  floating  hospital  accommodation  for  an  army  corps 
consists  of  three  depot  ships,  each  capable  of  receiving  200  sick.  There  are 
also  relieving  ships,  capable  of  accommodating  60  sick,  employed  for  the 
conveyance  of  those  sick  who  are  invalided  to  England;  and  in  addition 
despatch  vessels  fitted  with  30  canvas  cots,  for  the  removal  of  the  less  severe 
cases,  which  may  be  transported  by  mail  packets  on  their  way  to  England. 

On  these  ships  the  Admiralty  undertakes  the  lodging,  victualling,  and 
conveyance  of  the  sick  ;  the  washing  is  also  arranged  for  by  them. 

The  War  Office  undertakes  to  furnish  the  medical  and  other  attendance 
necessary  for  the  proper  treatment  and  nursing  of  the  sick,  and  supplies  all 
articles  of  personal  and  hospital  clothing  (but  not  bedding  or  ward  equip- 
ment), medical  and  surgical  appliances,  and  hospital  utensils. 

The  fittings  of  a  hospital  ship  should  be  as  simple  as  possible  and  made 
of  iron.  Ample  ventilation  must  be  provided  for,  especially  between  decks  ; 
the  method  of  receiving  and  removing  the  excreta  of  dysenteric  or  febrile' 
patients  must  be  carefully  attended  to  ;  the  supply  of  distilled  water  should 
be  ample  ;  if  possible,  a  separate  ship  should  be  employed  for  washing  linen,. 
&c. ;  if  the  expedition  is  a  large  one  it  would  not  be  difficult  to  convert  a  small 
ship  into  a  laundry.  Every  possible  plan  should  be  adopted  to  keep  the  ship 
as  dry,  well  ventilated,  and  pure  as  a  hospital  on  shore. 
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The  Pood  op  the  Soldier 

The  Medical  Begulations  for  the  Army  direct  medical  officers  to  examme 
from  time  to  times  into  the  quality  of  the  various  articles  of  food ;  the  cooking, 
to  ascertain  whether  it  is  sufficiently  varied  ;  and  likewise  the  amount  and 
quality  of  the  drinking-water  supplied  to  troops.  With  an  army  in  the  field 
the  principal  medical  officer  will  give  his  advice  with  reference  to  rations, 
clothing,  shelter,  and  all  other  points  affecting  the  health  of  the  men. 

It  wiU  be  thus  seen  that  a  medical  officer  may  at  any  time  be  called  upon 
to  give  his  opinion  on  the  quality  of  the  food  supplies  tendered,  on  the  com- 
position of  men's  diet,  and  whether  these  are  sufficiently  varied  and  in  proper 
quantity,  and  on  their  cooking  and  preparation. 

The  rations  of  the  chief  armies  are  as  follows  : — 

British  Soldier  on  Home  Service 

1.  Prom  the  Government  he  receives  12  ounces  of  meat  (including  bone) 
and  1  lb.  of  bread  '  free.' 

2.  By  a  stoppage  from  his  pay  (usually  Q\d.  per  diem)  he  is  provided  by 
his  company  mess  with  his  '  grocery  ration.'  This  sum  is  expended  on  the 
purchase  of  extra  bread,  potatoes,  milk,  vegetables,  tea,  sugar,  &c. 

3.  In  addition  to  these  there  are  certain  individual  purchases  which  the 
soldier  makes  at  the  canteen,  all  articles  being  supplied  to  him  at  cost  price. 
The  sales  at  various  canteens  show  that  cheese,  bacon,  preserved  meats,  and 
fish  are  the  articles  most  in  demand. 


Nutritive  Value  in  Ouiices  {Avoir.)  of  the  Free  Ration  and  of  the  Grocery  Bation. 


Articles 

Quantity  taken 

daily  in  ounces 

and  tenths  of 

ounces 

Water 

Pi-oteids 

Pat 

Carbo- 
hydrates 

Salts 

Water- 
free 
food 

Meat 

Bread 

Potatoes    . 

Vegetables 

Milk . 

Sugar 

Salt 

Coffee 

Tea  . 

12  oz.,  of 
which  one- 
fifth  is  bone 
24 
16 
8 

3-25 
1-33 
0-25 
0-83 
0-16 

7-20 

9-60 
11-84 

7-28 
2-82 
0-04 

1-44 

1-92 
0-32 
0-14 
0-13 

0-81 

0-36 
0-02 
0-04 
0-12 

ll'Bl 
3-36 
0-46 
0-16 
1-29 

0-15 

0-31 
0-02 
0-06 
0-02 

0-25 

2-40 

14-40 
3-72 
0-70 
0-43 
1-29 
0-25 

Total  quantity  . 

65-32 

38-78 

3-95 

1-35 

17-08 

0-81 

23-19 

Calculating  out  the  amount  of  carbon  and  nitrogen  in  this  diet,  we 
have : — 

Grains 

Nitrogen 276 

Carbon  in  proteids 837 

Carbon  in  fats 454 1 

Carbon  in  carbohydrates 3,297  [     4,588 

Hydrogen  in  proteids 32  I 

Hydrogen  in  fats 65 ' 

Sulphur  in  proteids 32 

This  amount  may  be  taken  as  the  very  minimum  of  what  is  supplied,  and 
is  far  short  of  what  might  be  afforded  with  good  management  of  the  messing 
money.    In  this  diet  the  nutritive  value  of  the  bones,  which  form  one-fifth  of 
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the  meat  ration,  is  omitted :  these,  if  crushed  and  boiled  with  vegetables, 
make  an  excellent  and  nutritious  soup.  The  nutritive  value  of  bones  may 
be  reckoned  at  one-third  that  of  beef  in  carbon,  and  at  one-sixth  in  nitrogen. 
The  following  analysis  shows  the  composition  of  bones  in  the  ordinary 
beef  ration  issued  at  Netley  : — 

Analysis  of  Bone. 


Constituents  of  Proteids 

"Water    . 

.     12-1 

Digestible  proteids 

. 

.     10-3 

Proteids 

.     24-5 

Peptones 

. 

.       1-9 

Fat         .        .        . 

.     11-0 

Extractives    .                 . 

• 

.       1-0 

Ash        .        .        . 

.     48-6 

Loss 

.       3-8 

Total  useful        . 

• 

.    13-2 

Indigestible  proteids 

, 

.    11-3 

100-00 

Total    . 

.    24-5 

That  the  former  system  of  purchase  by  the  several  companies  in  a  regiment 
was  both  wasteful  and  extravagant  has  been  shown  by  Colonel  Burdett, 
Assistant  Adjutant-General,  Aldershot.  His  efforts  to  improve  the  soldier's 
messing  have  been  most  successful,  and  that  without  increased  cost  to  the 
soldier.  His  plan  is  now  introduced  at  Aldershot,  and  gives  the  greatest 
satisfaction.  The  following  list  shows  the  variety  of  messing  provided  under 
this  system : — 

Scale  of  Messing  for  the  Guidance  of  Colour-Sergeants.^ 

Coffee,  2|  oz.  to  10  men  (one  meal). 

Tea,  1  oz.  to  7  men  (one  meal). 

Sugar  for  tea,  1\  oz.  to  every  10  men  (one  meal). 

Sugar  for  coffee,  1  oz.  per  man  (one  meal). 

Cheese,  1  oz.  per  man. 

Butter,  1  oz.  per  man. 

Jam,  2  oz.  per  man. 

Marmalade,  2  oz.  per  man. 

Golden  syrup,  2\  oz.  per  man. 

Brawn,  2  oz.  per  man  (breakfast  and  supper). 

Corned  beef,  2  oz.  per  man  (breakfast  and  supper). 

Potatoes,  1  st.  for  every  12  men  (dinner). 
„        2  St.  for  supper  per  company 

Vegetables  for  soups,  4  lbs.  per  company 
„  „   supper,  3  lbs.  per  company 

Onions  for  soup,  3  lbs.  per  company 
„        „   supper,  2  lbs.  per  company 

Salt,  2  lbs.  per  diem  (1^  drum)  per  company     I 

Pepper,  3  oz.  per  diem  per  company  I 

Mustard,  3  oz.  per  diem  per  company 

Herrings,  1  per  man. 

Split  peas  for  soup,  1  lb.  for  10  men. 

Lentils  for  soup,  1  lb.  for  10  men. 

Barley  for  soup,  1  lb.  for  10  men. 

Curry  powder,  5  oz.  for  soups  or  curried  breakfasts,  dinners,  or  suppers 
per  company  of  60  men. 

Flour  for  soup,  1  lb.  per  diem  for  company  for  thickening. 

Celery  seed  for  soup,  one  packet  per  diem  per  company. 

Milk,  1\  pint  for  every  10  men  (one  meal). 
„  for  tripe  stew,  2  quarts  per  company. 
,     for  porridge,  1  quart  for  15  men. 

Oatmeal,  1  lb.  for  every  9  men. 

Golden  syrup  for  porridge,  3  tins  (6  lbs.)  per  company. 

Bacon,  2  oz.  per  man. 

Eggs,  1  per  man. 

The  above  scale  to  be  adhered  to  in  making  up  messing  books. 

^  Report  of  Soldier's  Dietary  Committee,  1889. 


of  60  men. 
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The  daily  nutritive  value  of  a  diet  provided  by  Colonel  Burdett  to  the  men 
of  his  regiment  was  as  follows  : — 


- 

Proteids 

Fats 

Carbo- 
hydrates 

Nitrogen 

Carbon 

Breakfast    .... 

rSoup    . 
Dinner  \  Meal,  &c. 

y  Pudding  and  pie  . 
Supper        .... 

Ounces 
0-9922 
0-9126 
2-1657 
0-1765 
1-0401 

Ounces 
1-2400 
0-2992 
0-9073 
0-3238 
0-4676 

Ounces 
5-2663 
1-2227 
6-0503 
1-1282 
5-2867 

Grains 
69-454 
63-882 
151-599 
12-355 
72-807 

Grains 
1637-6 

531-2 
1937-7 

365-2 
1395-3 

Total 

5-2871 

3-2379 

18-9542 

370-097 

5867-0 

In  this  scale  we  have — 

Proteids 5\  ounces 

Pats 3i        „ 

Carbohydrates 19          „ 

Nitrogen 370    grains 

Carbon 5,867 

The  Committee  on  Soldiers'  Dietary,  1889,  came  to  the  conclusion  that 
the  Government  '  free  '  ration,  supplemented  by  a  messing  contribution  of 
from  3tZ.  to  4:d.  per  day,  is,  under  proper  management,  sufficient  to  provide 
an  ample  diet,  and  that  the  chief  defects  in  the  soldier's  diet  are  due  to. 
insufficient  interest  being  taken  in  it. 

The  quantity  is  judged  to  be  sufficient.  In  support  of  this  they  quote  the 
instance  of  Pearce's  Dining  and  Eefreshment  Eooms — an  institution  supplying 
30,000  meals  daily  to  the  working  classes — where  the  average  amount  of 
meat,  without  bone,  supplied  to  each  man  for  dinner  was  5  oz.  uncooked,, 
yielding  when  cooked  about  4  oz.;  whereas  at  Aldershot,  where  1,232  cooked 
rations  were  weighed,  the  average  amount  of  cooked  meat  supplied  daily  was 
7  oz.  1  drachm,  exclusive  of  bone  and  dripping.  When  frozen  meat  is 
issued  they  recommend  that  10  per  cent,  increase  should  be  allowed,  as  there 
is  a  greater  loss  of  nutriment  when  cooked. 

The  committee  also  recommended  that  all  ration  bread  should  be  baked  in 
21b.  loaves,  and  patent  yeast  used  in  place  of  brewer's  yeast :  the  smaller 
loaf  ensures  a  proper  proportion  between  the  crust  and  crumb. 


British  Soldier  in  India 
The  constitution  and  nutritive  value  of  the  Indian  ration  are  as  follows : — 


- 

Quantity 
taken 
daily 

Water- 
free 

Proteids 

Fats 

Carbo- 
hydrates 

Ounces 

7-84 
3-36 
3-38 
2-41 

Salts 

Meat  with  bone 

Bread 

Potatoes 

Bice 

Sugar     . 

Tea 

Salt 

Ounces 

16-0 

16.0 

16-0 
4-0 
2-5 
0-71 
0-66 

Ounces 
3-2 
9-6 
3-86 
3-6 
2-42 
0-7 
0-66 

Ounces 
1-92 
1-29 
0-20 
0-32 

Ounces 
1-08 
0-24 
0-02 
0-032 

Ounces 
0-2 
0-2 
0-16 
0-032 
0-012 

0-66 

Total 

55-87 

24-04 

3-73 

1-372 

16-99 

1-264 
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In  this  diet  there  is  — 

Nitrogen 256-5  grains 

Carbon 4,503 

The  bread  and  meat  are  a  '  free  '  issue ;  the  remainder  are  supplied  by 
£he  commissariat  for  a  stoppage  of  9  pies  (about  Id.)  per  diem.  In  India,  as 
athome,  the  soldier  makes  individual  purchases  of  tinned  meats,  fish,  eggs,  &c., 
but  the  whole  amount  does  not  appear  to  be  in  excess  of  a  standard  diet, 
necessary  to  maintain  health.  Vegetables  are  very  difficult  to  obtain  during 
the  hot  weather,  and  generally  there  is  a  deficiency  in  these. 

On  active  service  in  the  field  a  special  scale  is  fixed  by  the  Secretary  of 
State,  according  to  the  climate  and  circumstances  of  the  expedition.  The 
following  scale  is  adopted  as  far  as  possible : — 1  lb.  fresh,  salt,  or  preserved 
meat ;  1^  lb.  bread,  or  1  lb.  biscuit,  or  1  lb.  flour ;  ^  oz.  tea ;  ^  oz.  coffee ;  2  oz. 
sugar ;  ^  oz.  salt ;  -^  oz.  pepper ;  ^  lb.  fresh  vegetables  when  procurable  or  1  oz. 
■compressed  vegetables ;  also  ^  oz.  of  lime  juice  with  ^  oz.  sugar,  and  2^  oz. 
rum,  when  ordered  by  the  general  commanding,  on  the  recommendation  of  the 
principal  medical  officer. 

In  the  Ashanti  Expedition  (1873)  the  following  was  the  ration  issued : 
Bread — 1^  lb.,  or  Ij  lb.  biscuit,  or  1  lb.  flour.  Meat — 1^  lb.  fresh  beef  or 
1^  lb.  salt  pork,  or  1^  lb.  salt  beef,  or  1  lb.  preserved  mutton,  or  f  lb.  sausage 
in  lieu  of  half  the  ration  of  fresh  or  salt  meat  might  be  substituted  in  special 
cases.  Vegetables — 2  oz.  rice,  or  2  oz.  peas,  or  4  oz.  preserved  vegetables,  or  4  oz. 
preserved  potatoes,  or  1  lb.  fresh  potatoes.  Groceries — |  oz.  tea,  3  oz.  sugar, 
^  oz.  salt,  -gV  oz.  pepper.  Tobacco — 1  lb.  per  man  per  month.  Cheese — 4  oz. 
might  be  substituted  for  one-third  ration  of  meat.  The  ration  in  Afghanistan 
was  :  Fresh  meat,  exclusive  of  bone,  1  lb.  ;  bread,  Ij  lb.,  or  biscuit  1  lb. ; 
rice  or  flour,  4  oz. ;  sugar,  3  oz. ;  tea,  |  oz. ;  salt,  §  oz. ;  potatoes,  10  oz. ;  green 
vegetables,  when  procurable,  6  oz. ;  and  if  green  vegetables  were  not  pro- 
curable, then  dhall  1  oz.  and  potatoes  12  oz.  were  given.  One  dram  of  rum 
per  man  was  also  authorised,  one  half  at  dinner  and  the  other  half  in  the 
evening  after  sunset ;  ^  to  |  lb.  of  tobacco  per  man  per  month  was  also  issued. 

During  General  Koberts's  march  to  Candahar  the  meat  ration  was  in- 
creased to  1^  lb. ;  a  tin  of  Kopf 's  Erbswurst  was  also  given  to  each  man  daily. 

In  the  Suakim  Expedition  in  1885  the  ration  for  the  troops  was  as  follows  : 
Bread,  1;^  lb.,  or  biscuit,  1  lb. ;  fresh  meat,  1  ^  lb.,  or  preserved  meat,  1  lb. ;  tea, 
•^  oz. ;  coffee,  ^  oz. ;  sugar,  2^  oz. ;  salt,  -5  oz. ;  pepper,  -^-^  oz. ;  potatoes  or  fresh 
vegetables,  12  oz. ;  compressed  vegetables,  1  oz. ;  occasionally  jam  or  marma- 
lade ;  Erbswurst,  2  oz. ;  lime  juice,  ^  oz. ;  sugar,  J,  and  rum  -^  oz.  together 
when  ordered.  Lime  juice  was  ordered  to  be  invariably  given  when  potatoes 
or  fresh  vegetables  were  not  supplied. 

On  service,  bread  should  be  issued  as  long  as  possible  ;  if  biscuit  is  issued 
for  more  than  a  week,  flour  or  rice  should  be  added.  Salt  meat  should  be 
seldom  required  with  the  present  excellent  supply  of  preserved  meat  in  tins. 
If  no  vegetables  can  be  obtained,  lime  juice  should  be  given. 

In  war  the  difficulty  of  cooking  often  causes  the  men  to  be  without  food 
for  a  long  time  :  this  tends  to  exhaust  the  strength  of  the  soldier.  All  cooking 
.utensils  should  be  of  block  tin,  and  are  most  easily  carried  when  made  round 
in  shape.  Nothing  is  better  than  Warren's  cooking  pots  :  by  these,  soup,  meat, 
;and  vegetables  can  be  cooked  at  the  same  time  ;  and  if  there  is  not  time  to 
■cook  the  meal  before  starting  on  a  march,  these  vessels  can  be  carried  with 
ithe  baggage,  and  at  the  end  of  the  march  the  food  will  usually  be  found 
vready. 

For  rapid  expeditions,  when  Transport  has  to  be  reduced  to  a  minimum, 
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the  issue  of  concentrated  and  cooked  foods  may  be  necessary.  Men  should 
be  able  to  carry  enough  for  one  week  and  be  independent  of  supply  from  the 
base.  Dr.  Parkes  gives  the  following  quantities  as  sufficient  to  last  a  man 
for  seven  days : — Biscuit,  2  lbs. ;  pea  or  flour  meat  sausages,  4  lbs. ;  dried 
meat,  2  lbs. ;  sugar,  |  lb. ;  tea,  I  lb. ;  cheese,  1  lb. ;  total,  10  lbs.  :  this  would 
be  lessening  day  by  day,  and  if  carefully  used  would  be  sufficient  to  carry  men 
through  any  work  they  might  be  called  on  to  do  during  the  time.  No  special 
-emergency  ration  has  yet  been  fixed  for  the  Army. 

In  the  Franco- German  War  the  Germans  used  pea  sausage  (Erbswurst) 
made  by  mixing  pea-flour  and  fat  pork  with  a  little  salt.  It  was  issued  ready 
cooked,  but  could  be  made  into  soup  ;  this  Erbswurst  contained  about  16  per 
cent,  of  proteids,  35  per  cent,  of  fat,  and  27  per  cent,  of  starch,  &c.  Knorr's 
sausage,  which  is  now  used,  contains  17*5  per  cent,  of  proteids,  of  which  only 
2*6  per  cent,  are  indigestible,  and  about  36  per  cent,  of  fat. 

When  fresh  vegetables  cannot  be  obtained,  preserved  vegetables  may  be 
substituted  for  them  :  one  pound  of  uncooked  preserved  potatoes  are  equal 
to  3^  lbs.  of  fresh  potatoes.  Preserved  vegetables  are  in  every  way  superior 
to  compressed  vegetables.  Owing  to  the  high  pressure  to  which  the  latter 
have  been  subjected,  a  very  large  proportion  of  their  salts,  with  part  of  their 
albumin,  has  been  expressed,  and  little  remains  beyond  cellulose  (Morache) ; 
on  this  account  their  antiscorbutic  power  is  not  very  great.  Preserved 
vegetables  require  to  be  well  soaked  in  water  before  being  used,  otherwise 
they  are  apt  to  cause  diarrhoea. 

The  issue  of  a  spirit  ration  on  service  has  been  the  subject  of  much  dis- 
cussion ;  the  v/hole  experience  in  recent  wars  is  against  its  issue.  There  is 
perhaps  no  point  on  which  there  is  a  more  unanimous  opinion  as  this  one, 
that  there  should  be  no  daily  issue  of  a  spirit  ration.  Dr.  Bryden  long  since 
pointed  out  that  there  was  nothing  more  inimical  to  the  acclimatising  process 
in  India  than  the  habitual  use  of  alcohol.  But  although  the  daily  issue  of 
rum  as  a  ration  should  be  avoided,  there  are  cases  in  which  a  ration  of 
alcohol  has  been  found  to  be  productive  of  the  greatest  service,  even  where 
alcohol  in  the  form  of  rum  and  beer  may  be  productive  of  much  evil.  The 
advantage  which  light  red  wines  possess  cannot  be  passed  over.  These,  well 
■diluted,  are  most  refreshing  drinks  in  hot  climates  :  they  should  of  course  be 
used  in  moderation,  and,  for  young  and  '  unseasoned '  soldiers,  probably  total 
abstinence  would  be  better.  After  a  fatiguing  march,  red  wine  may  be  given 
with  advantage  :  it  has  a  recuperatmg  effect,  and  may  possibly  be  a  preserva- 
tive against  disease.  Alcohol  should  never  be  allowed  before  or  during  a 
march,  but  at  the  end,  and  then  only  in  the  form  already  indicated.  It  was 
formerly  supposed  to  be  a  preservative  against  malaria ;  that  this  is  not  so 
is  now  abundantly  proved  by  the  experiences  gained  in  India  and  South 
Africa.  There  is  no  evidence  to  show  that  the  issue  of  a  daily  ration  of  rum 
has  been  productive  of  any  good,  and  in  many  cases  it  has  certainly  done 
much  harm.  It  is  certainly  contraindicated  in  all  cases  where  cholera  and 
enteric  fever  are  likely  to  occur.  On  the  other  hand,  light  red  wine  may  be 
given  with  advantage,  as  it  contains  a  large  amount  of  salts  and  tannin, 
the  latter  possibly  precipitating  and  rendering  innocuous  any  organic  matter 
in  the  water. 

The  supply  of  pure  water  to  an  army  in  the  field  is  of  the  first  impor- 
tance :  its  quality  will  depend  no  doubt  on  the  nature  of  the  soil  on  which 
men  are  encamped ;  as  a  rule,  healthy  geological  soils  afford  good  water. 
The  quantities  necessary  for  the  use  of  men  and  animals  will  be  considered 
under  the  head  of  Water. 


624  HYGIENE 


Bations  of  the  French  Soldier 

The  Government  furnishes  the  meat  for  the  soldier's  rations  at  about  35 
per  cent,  under  market  price  ;  also  his  free  ration  of  bread  {pain  de  munition) 
and  fuel ;  other  articles  such  as  white  bread  {pain  de  soupe)  are  bought  from 
the  funds  of  his  regiment. 

The  following  is  the  authorised  scale  of  diet : — 

Grammes  Ounces  avoir. 

Munition  bread 750  26-4 

White  bread  for  soup       .         .        .         .250  8-8 

Meat  (uncooked) 300  10-6 

Vegetables  (green) 100  3-5 

(dried) 30  1-1 

Salt 15  0-5 

00-73 

31  grains 


Pepper 2  ^^^' 

Total    .        .  1,447  51-00 


Deducting  20  per  cent,  from  the  meat  for  bone,  the  nutritive  value  of  this 
diet  is — Proteids,  4*33  oz. ;  fats,  1'25  oz.  ;  carbohydrates,  18*04  oz.  ;  salts, 
1'12  oz.     Total  water-free  food,  24-74  oz. 

If  biscuit  is  issued  in  place  of  bread,  19"4  oz.  are  allowed  ;  if  salt  beef  is 
used,  8*8  oz.  are  issued,  or  salt  pork,  7  oz. 

The  normal  daily  ration  in  time  of  war  is  as  follows  :  ^ — 

Bread 37-27  ounces -| 

or  Biscuit  bread 33-51  „        ^  Eation  of  bread 

or  Biscuit 25-92  „      J 

Meat 14-11  „       -j 

or  Preserved  meat         ....  8-82  „       I  Eation  of  meat 

or  Salt  pork 8-82  „       J 

Dried  vegetables  or  rice        .        .         .  3-53  „ 

Lard 1-06-     „ 

Salt 0-55  „ 

Sugar 0-74  „ 

Coffee 0-55  „ 

The  nutritive  value  of  this  diet  is  as  follows  : — Proteids,  5'26  oz. ;  fats^ 
2*86  oz. ;  carbohydrates,  19"09  oz. ;  salts,  1'36  oz. 

Of  these,  the  dried  vegetables,  rice,  salt,  sugar,  and  coffee,  form  what  is 
known  as  the  ration  of  petits  vivres,  to  which  troops  are  entitled  from  the 
day  they  leave  their  places  of  mobihsation  for  the  front. 

The  ration  of  brandy  is  0*11  of  a  pint.  It  is  only  issued  exceptionally  by 
order  of  the  commander-in-chief. 

It  is  also  believed  that  the  daily  ration  includes  '  Boissonnet '  sausage  and 
preserved  beef  au  chauffin. 

The  Minister  of  War  is  authorised  to  make  such  additions  and  alterations 
in  this  scale  to  suit  the  place  and  circumstances  where  tbe  war  may  be 
carried  on. 

Bations  of  the  German  Soldier 

The  rations  in  time  of  peace  are  divided  into  the  smaller  ration  for 
ordinary  use  m  garrison  and  the  larger  ration  for  use  in  camps  and  in  field 

manoeuvres,  &c. 

'  Handbook  of  the  French  Army,  1891. 
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Smaller  ration, 
in  ounces  avoir. 
Bread     .        .        .        .        .        .        .        .     26-47 

Meat  (raw) 5-30 

or  Bacon 4-41 

or  Smoked  meat  (only  in  war  time)        .        ,       — 

Bice 3-18 

or  Groats  or  grit 4-24 

or  Peas  or  beans 8-12 

or  Potatoes 53-00 

Salt        ...,...._ 
Boasted  coffee  (exceptionally  only  in  war  time)        — 

Brandy  

or  Beer 

or  Wine 

Butter 

Tobacco  

The  nutritive  value  of  these  diets  is  as  follows  : — 


Larger  ration,  as  supplied 
for  camps,  marches,  &c., 
in  ounces  avoir. 
35-30 
17-65 

6-00 

8-82 

6-00 

6-00 
12-00 
71-00 

0-88 

1-41 

3-53 
35-30 
17-65 

1-76 

1-41 


Kind  of  ration 

Proteids 

Pat 

Carbo- 
hydrates 

Salts 

Smaller  ration 

Larger  ration 

3-79 

4-76 

0-77 
0-95 

17-27 

18-81 

0-47 
0-50 

Troops,  when  travelling  by  railway  or  steamer,  receive  an  additional  pay 
of  25  pfennings  (=3^.)  per  man  for  refreshments.  Should  the  travelling: 
last  longer  than  sixteen  hours,  the  additional  pay  is  doubled. 

The  daily  war  ration  is  now  as  follows  :  ^ — 


Bread 

Fresh  or  raw  salt  meat 

or  Smoked  beef,  mutton,  ham,  bacon 

Bice  or  ground  barley 

or  Peas,  beans,  or  flour     . 

or  Potatoes        .... 

Salt 

Coffee  roasted   .... 
or  Eaw  coffee    .... 


or  sausage 


26-50  ounces 

13-25       „ 

7-00 

4-50 

9-00 

)> 

53-00 

0-90 

0-90 

1 

1-00       , 

1 

This  affords  from  4-37  to  5-44  oz.  proteids,  from  0-71  to  3-71  fat,  and 
from  19-61  to  22-41  of  carbohydrates. 

Bations  of  the  Austrian  Soldier 
The  peace  ration  consists  of  the  following  :  ^ — 


^^^^•^ 30-89  ounces 

or  Biscuit 

Meat [ 

Suet '.        .        [ 

Wheat  flour g.e-r 

or  Legumes 2'47 

or  Groats ^.qa 

or  Millet g.gg 

or  Pearl  barley ^.q2 

or  Potatoes 

or  Bice 

Sauerkraut       .... 


17-65 
6-71 
62 


19-77 
3-71 

5-54 


1  Dr.  W.  Both,  JahresbericJit  Uher  die  Leistungen  und  Fortschritte,  1888. 
-  Frolich,  Militarmedicin,  1887. 
VOL.    II.  3  g 
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This  contains  proteids,  4*34  oz. ;  fat,  1*74  oz. ;  carbohydrates,  17'33  oz., 
and  0*53  oz.  of  salts. 

The  ordinary  field  food  ration  consists  of ' — 

Bread 1  portion 

Eice  or  preserved  vegetables 


Preserved  soup 

Fresh  beef 

Salt 

Pepper  or  paprika  . 

Lard  or  butter  for  cooldni 

Coffee      . 

Sugar 

Tobacco  .        .        . 

Eum  or  brandy        . 

or  Wine  .        .        . 


30-8  ounces 

4-9        „ 

1-3        „ 

10-6  „ 
1-0  „ 
0-017  „ 
0-7  „ 
0-42  „ 
0-46  „ 
1-2  „ 
0-1  pint 
0-63     „ 


-Proteids,  4*69  oz. ;  fats,  2'43  oz. ; 


f 


The  nutritive  value  of  this  diet  is- 
■carbohydrates,  17"67  oz, ;  salts,  1'80  oz. 

In  the  above  diet,  tea  and  rum  may  be  substituted  for  the  coffee, 
The  reserve  food  supply  carried  by  each  man  consists  of — 

.     1  portion 


Biscuit     . 
Preserved  meat 
Preserved  soup 
Salt 
Tobacco  . 


2  portions 


17*6  ounces 
7-0       „ 
1-3       „ 
2-0       „ 
2-4       „ 


This  affords  proteids,  4*57  oz. ;  fats,  1"47  oz. ;  carbohydrates,  13*57  oz. ; 
«alts,  1*64  oz. 

Bations  of  the  Russian  Soldier^ 


Peace  ration. 

Smaller  war  ration. 

Larger  war  ration 

in  ounces  avoir. 

in  ounces  avoir. 

m  ounces  avoir. 

Bye-bread       .... 

43-35 

36-15 

36-15 

or  Biscuit        .... 

28-91 





Flour      

32-65 

— 



Meat 

7-24 

14-44 

21-67 

Groats    ..... 

4-80 

4-80 

4-80 

Butter  or  tallow     . 

— 

1-34 

2-72 

The  nutritive  value  of  these  diets  is — 


Kind  of  Ration 

Proteids 

Fat 

Carbohydrates 

Peace  ration  .... 
Smaller  war  ration 
Larger  war  ration  . 

5-86 
3-67 
5-79 

0-99 
2-58 
4-13 

24-74 
18-36 
18-36 

Bations  of  the  Italian  Soldier^ 
The  peace  ration  of  the  ItaUan  soldier  is  as  follows  :— 

Ounces  avoir. 

Bread 32-40 

Meat 7-08  to  10-59 

Bacon 0*53 

Eice 5-30 

Salt 0-53 

Sugar 0-71 

Eoasted  coffee 0-53 

Wine 8-82 

'  Handhooh  of  the  Military  Forces  of  Austria-Hungary,  1891.  -  Frolich,  op.  cit. 
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20-00 

ounces 

22-00 

j> 

12-00 

» 

18-00 

») 

18-00 

5» 

16-00 

>» 

20-00 

» 

2-40 

» 

1-60 

)» 

2-40 

J) 

1-60 

JJ 

1-28 

)> 

0-32 

» 

The  nutritive  value  of  this  diet  is — Proteids,  3-99  oz. ;  fats,  1-B4  oz. ;  and 
■carbohydrates,  21 '64  oz. 

nations  of  the  United  States  Army 

The  daily  ration  of  a  soldier  in  the  United  States  Army  is  as  follows :  ^ — 

Fresh  beef,  or  other  fresh  meat 

or  SaJt  beef 

or  Pork  or  bacon 

Hour 

or  Soft  bread 

Except  on  fatigue,  when 
Hard  bread 
or  Com  meal 
Beans  or  peas 
Bice 
Sugar 

Coffee,  green 
or  Coffee,  roasted 
or  Tea     . 

and  Candles,  soap,  pepper,  &c. 

By  a  recent  Act,  1  lb.  of  vegetables  is  added  to  this  ration.  A  general 
order  directs  the  issue  of  100  per  cent,  fresh  potatoes,  or  80  per  cent,  fresh 
potatoes  and  20  per  cent,  fresh  onions,  or  70  per  cent,  fresh  potatoes  and  30 
per  cent,  canned  tomatoes  or  other  vegetables. 

Diet  for  Native  Indian  Soldiers 

In  the  Abyssinian  War  the  native  ration  consisted  of — Eice  or  atta  (flour), 
2  lbs. ;  dhall,  4  oz. ;  ghee,  2  oz. ;  salt,  f  oz. ;  turmeric,  ^  oz. ;  sugar,  3  oz. ; 
and  1  lb.  of  mutton  or  goat's  flesh  (when  procurable)  twice  a  week. 

In  the  Afghan  War  the  following  rations  were  allowed : — Atta  or  rice, 
2  lbs. ;  ghee,  2  oz. ;  dhall,  4  oz. ;  salt,  |  oz.  Meat  was  also  issued  to  native 
troops  on  payment ;  also  pepper,  opium,  spices,  bhang,  &c. 

In  Egypt,  in  1882,  the  ration  for  Indian  soldiers  was  1\  lb.  of  rice  or  2  lbs. 
of  atta,  4  oz.  of  dhall,  2  oz.  of  ghee,  f  oz.  of  salt,  1  oz.  of  onions,  and  ^  oz. 
of  pepper.  Once  a  week  1  lb.  of  meat  was  issued  in  lieu  of  half  the  rice 
ration  if  not  antagonistic  to  caste  prejudices. 


Water  Supply  in  Baeeacks  and  Camps 

It  is  introduced  here  only  to  refer  to  those  points  connected  with  military 
service :  the  question  of  water  supply  to  barracks  is  so  analogous  to  the 
requirements  of  civil  life  that  the  same  conditions  apply.  By  decision  of 
the  Secretary  of  State  for  War,  a  soldier  at  home  receives  15  gallons  daily, 
no  extra  allowance  being  made  for  the  soldiers'  wives  and  children  in  a 
regiment ;  the  amount  required  on  foreign  service  varies  with  the  climate 
and  the  nature  of  the  work  the  men  are  called  upon  to  do. 

In  stationary  camps  the  quantity  required  per'man  for  drinking  and  cook- 
ing purposes  may  be  put  dovni  at  6  pints  in  temperate  climates.  For  pur- 
poses of  ablution  the  same  amount  is  absolutely  necessary.  In  stationary 
camps,  however,  the  minimum  daily  allowance  should  be  5  gallons 
for  all  purposes,  washing  included ;  in  desert  marches  as  little  as  half  a 
gallon  has  been  the  quantity  allowed  on  special  occasions  ;  but,  as  a  rule, 
from  2  to  3  gallons  should  be  provided,  the  amount  depending  on  the  chmate 
and  season  of  the  year. 

>  Military  Hygiene.     By  Major  A.  A.  Woodhull.     New  York,  1890. 
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For  animals  the  following  quantities  are  required  : — 

Horse,  6  to  8  gallons  (as  a  rule  a  horse  ordinarily  drinks  1^  gallon  at  a, 
time) ;  when  not  in  hard  work,  6  gallons  is  sufficient,  but  with  hard  work  in 
the  tropics  they  require  from  8  to  12  gallons  ;  mules  and  ponies,  6  gallons  ; 
bullocks,  6  to  8  gallons  ;  camels,  15  gallons  ;  elephants,  40  to  50  gallons ; 
sheep  or  pigs,  ^  gallon  to  1  gallon.  The  quantity  fixed  by  the  War  Office 
for  cavalry  horses  on  home  service  is  8  gallons  daily,  and  for  artillery  horses 
10  gallons,  this  latter  to  include  the  washing  of  horses  and  carriages. 

On  ships  intended  for  long  sea  voyages,  a  distilling  apparatus  is  provided 
capable  of  giving  1^  gallon  of  pure  distilled  water  to  each  person  on  board 
and  10  gallons  for  each  horse  or  mule.  In  the  Abyssinian  Expedition  the 
following  was  the  calculation  for  the  daily  expenditure  of  water  per  head  on 
shipboard:  Elephants,  25  gallons;  camels,  10  gallons;  oxen  (large  draught)^ 
6  gallons ;  oxen  (small  draught),  5  gallons  ;  horses,  6  gallons  ;  mules  and 
ponies,  5  gallons. 

In  camps  it  is  necessary  to  guard  the  site  from  which  water  is  drawn  from 
any  possible  sources  of  pollution  :  if  the  supply  be  taken  from  a  river,  that 
for  drinking  purposes  should  be  taken  from  the  centre  of  the  stream  and  at 
the  highest  part ;  for  animals  a  place  should  be  selected  below  this  ;  and  for 
washing  clothes,  utensils,  &c.,  the  lowest  part  should  be  used.  Water  is  best 
given  to  animals  by  receiving  it  first  in  troughs,  as  by  doing  so  there  is  less 
disturbance  of  the  stream.  If  the  water-supply  is  derived  from  wells  close  tO' 
villages,  the  immediate  surroundings  of  the  well  should  be  carefully  examined. 
Stagnant  pools  should  not,  if  possible,  be  used  as  a  source  of  supply,  nor 
sluggish  streams  passing  through  dense  jungle  ;  if  such  water  must  be  used,, 
it  should  first  be  boiled  and  then  filtered. 

In  camps,  sentries  should  be  invariably  posted  over  streams  and  wells- 
from  which  water  for  drinking  purposes  is  drawn  to  prevent  irregularities. 

When  the  base  of  operations  is  on  the  sea  coast,  all  water  should  be 
distilled  if  an  ample  and  pure  supply  is  not  available.  This  was  done  during 
the  Egyptian  Campaign  on  a  large  scale,  and  with  the  best  results.  Inland, 
distillation  cannot  always  be  resorted  to,  and  shallow  or  deep  wells  have  to 
be  bored.  For  this  purpose  the  Norton  tube-well  is  the  one  most  readily 
available.  The  well  is  made  by  driving  a  number  of  tubes  into  the  ground 
with  a  *  monkey,'  and  fixing  a  pump,  by  means  of  a  screw,  on  the  top.  The 
yield  is  about  7  gallons  per  minute  from  a  depth  of  about  18  feet.  This 
pump  is  not  suited  for  sandy  soils,  as  the  tube  gets  easily  blocked. 

If  the  Norton  tube-well  does  not  yield  a  sufficient  supply,  a  Bastein  pump, 
having  an  endless  chain  and  worked  by  two  men  at  a  wheel,  is  the  one  gene- 
rally used :  it  yields,  from  a  depth  of  45  ft,,  about  2,250  gallons  per  hour. 

The  purification  of  water  is  important  on  service,  when  almost  any  supply 
has  to  be  made  available  at  times.  In  many  instances  no  filters  are  at  hand, 
and  means  have  to  be  taken  to  make  the  water  usable.  If  it  is  turbid  from 
finely  divided  silt,  this  may  be  got  rid  of  by  the  addition  of  alum  in  the  pro- 
portion of  6  grains  to  the  gallon  of  water.  This  plan  acts  well,  if  there  is 
any  calcium  carbonate  present  in  the  water  ;  if  this  is  absent,  it  is  advisable 
to  add  a  little  sodic  carbonate  first  to  the  water  before  treating  it  with  alum. 
The  water  is  then  allowed  to  rest,  and  in  a  short  time  will  be  found  to  have 
deposited  the  greater  part  of  the  suspended  matters  :  it  may  then  be  filtered 
and  boiled. 

In  the  Ashanti  campaign  of  1873  the  following  plan  was  adopted  by  Dr» 
Gouldsbury  in  the  absence  of  proper  filters.  Alum  was  added  to  precipitate 
organic  matter,  the  water  was  then  passed  through  a  rough  filter,  consisting 
of  (1)  sponge,  (2)  sand,  (3)  charcoal  in  pieces  ;  it  was  then  boiled,  and  a  few 
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■drops  of  solution  of  potassium  permanganate  added.     Water  even  taken  from 
a  hole  in  a  marsh  was  innocuous  after  this  treatment. 

In  the  Egyptian  campaign,  wells  were  dug  in  close  proximity  to  the  fresh- 
water canal,  so  as  to  allow  filtration  through  the  soil.  The  water  percolating 
through  was  collected  and  alum  added ;  it  was  subsequently  filtered  and 
boiled. 

The  simplest  form  of  field-service  filter  consists  of  two  casks,  one  placed 
inside  the  other,  having  a  space  6  in.  all  round  between  them :  the  outer 
cask  has  holes  pierced  at  the  bottom,  and  the  inner  near  the  top  ;  the  water 
rises  through  the  filtering  medium  between  the  barrels  and  flows  into  the  inner 
barrel.  It  is  very  advisable  to  heat  the  sand  or  gravel  to  redness  before  use, 
if  the  space  between  the  barrels  is  filled  with  these  materials.  The  filtering 
media  must  in  any  case  be  changed  frequently  and  purified  by  washing  and 
heating  to  redness. 

For  stationary  camps  and  hospitals  on  the  lines  of  communication,  as  well 
as  at  the  base,  the  Morris  circulating  filter  appears  to  be  one  of  the  best  adapted 
for  mihtary  purposes.  It  is  of  very  simple 
construction,  and  can  be  readily  understood  from 
the  accompanying  figure  (fig.  31).  The  essen- 
tial feature  of  these  filters  is  the  employment 
of  a  fine-grained  and  of  a  coarse-grained  powder 
of  carbon  or  other  filtering  substance.  The 
water  having  passed  through,  the  fine-grained 
portion  is  conducted  into  a  compartment  filled 
with  larger  grains  ;  its  flow  is  therefore  hastened, 
and  by  means  of  a  short  tube,  opening  directly 
irom  this  into  the  external  air,  the  carbon  is 
tept  aerated  and  more  or  less  dry.  There  are 
no  joints  or  fittings  to  this  filter,  and  it  cannot 
get  out  of  order ;  it  is  very  strong  and  capable 
of  resisting  the  rough  usage  incidental  to  field 
service.  The  medium  employed  is  Doulton's 
manganous  carbon,  which  is  a  mixture  of  animal 
charcoal  and  black  oxide  of  manganese. 

In  the  French  Army  the  Chamberland  filter  is  the  one  adopted :  this 
consists  of  cylinders  of  porcelain  through  which  the  water  is  forced.  It 
renders  water  clear  and  bright,  and  free  from  suspended  matters ;  it  is  also 
said  to  remove  micro-organisms  and  their  spores,  rendering  the  water  sterile. 
The  disadvantage  of  this  filter  is  that  pressure  is  required  to  force  the  water 
through  the  tubes,  and  the  dehvery  is  slow. 

On  service,  pocket  filters  are  frequently  used,  but  their  small  size  renders 
their  oxidising  powers  of  very  short  duration  :  they  are  useful  to  remove  sus- 
pended matters,  but  have  little  effect  on  dissolved  organic  impurities. 

Soldiers  should  be  cautioned  not  to  drmk  turbid  water,  and  the  reason 
for  not  doing  so  should  be  explained  to  them.  As  each  man  carries  a  water- 
bottle  (made  of  enamelled  iron  and  covered  with  felt)  he  should  be  taught 
to  fill  it  with  pure  water  whenever  practicable.  If  water  fit  for  drinking  is 
not  obtainable,  the  bottle  may  be  filled  with  cold  tea. 

In  India,  during  the  occurrence  of  epidemic  disease,  the  bheesties  (water- 
xsarriers)  should  be  paraded  every  morning,  and  their  mussacks,  or  skins, 
carefully  inspected  ;  under  ordinary  circumstances  this  should  be  done  at 
frequent  intervals.  The  sources  from  which  they  obtain  water  should 
always  be  carefully  inquired  into. 

As  boiling  appears  effectually  to  destroy  any  organic  poison  in  water,  it  is 
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of  the  greatest  importance  that  all  suspicious  water  should  be  boiled  before  use. 
During  epidemics,  such  as  cholera  or  enteric  fever,  this  is  essential,  and  in 
such  cases  it  may  be  necessary  to  change  the  source  of  supply,  and  where- 
there  is  any  doubt  as  to  the  quality  of  the  water  this  should  be  invariably 
done. 

Military  Clothing 

In  former  times  a  sum  of  money  was  granted  to  colonels  of  regiments  to^ 
cover  the  cost  of  clothing :  this  system  was  not  found  to  answer,  and  since- 
the  Crimean  War  the  Government  has  taken  the  supply  into  its  own  hands. 

The  various  articles  of  clothing  for  the  Army  are  prepared,  under  Govern- 
ment supervision,  at  the  Clothing  Dep6t  at  Pimlico,  and  every  care  is  taken 
to  test  the  materials  tendered  by  contractors.  All  clothing  for  soldiers  is 
now  issued  in  accordance  with  the  Begulations  for  the  Siipply  of  Clothing 
and  Necessaries. 

The  recruit  on  enlistment  receives  a  free  kit.  Some  of  the  articles  the 
Government  replaces  as  they  become  unserviceable  ;  others  he  is  obliged  to 
make  good  at  his  own  expense,  but  these  are  sold  at  cost  price,  and  a  careful 
man  can  keep  his  kit  in  good  order  at  an  annual  cost  of  about  11.  The  fol- 
lowing are  the  articles  of  kit  supplied  to  an  Infantry  recruit : — 


Clothing. 

2  frocks. 

2  pairs  of  trousers. 

1  pair  of  mitts. 

Necessaries. 

2  flannel  shirts. 

3  pairs  of  socks  (worsted). 
1  pair  of  braces. 
1  hair-comb. 
1  knife  and  fork. 
1  spoon. 

1  mess-tin  and  cover. 

2  towels. 
1  soap  (piece). 
1  sponge  (pipe-clay). 


2  pairs  of  ankle  boots  (one  every  six 

months). 
1  forage  cap. 


1  razor  and  ease. 
1  hold-all. 
1  tin  of  blacking. 
1  blacking -brush. 
1  brass-brush. 
1  cloth-brush. 
1  polishing-brush. 
1  shaving-brush. 
1  button-brass. 
1  kit-bag. 


This  kit  is  divided  into  '  surplus  '  kit  and  '  service  '  kit.  The  surplus  kit 
is  always  carried  for  the  men  :  it  consists  of  one  frock,  one  pair  of  socks,  one 
shirt,  one  towel,  two  brushes,  and  such  articles  in  the  hold-all  as  he  is  not 
likely  to  require  ;  the  service  kit  is  taken  on  his  person  or  in  his  knapsack. 

Certain  articles  of  clothing  are  also  issued,  free  of  expense,  at  stated 
intervals  ;  they  vary  with  the  particular  arm  of  the  service,  and  are  given  in 
detail  in  the  Begulations.  The  following  are  those  issued  to  an  Infantry 
soldier  on  home  service  : — 

1  helmet  and  bag Quadrennially 

1  tunic Biennially 

1  frock  (undress) Annually 

1  pair  tweed  trousers Annually 

2  pairs  of  boots  (on  April  1  and  October  1) .        .        .        .  Annually 

1  forage  cap Annually 

1  silk  sash  for  warrant-of3[icers  and  staff-sergeants        .        .  Biennially 

1  worsted  sash  for  sergeants Biennially 

1  great  coat Quinquennially 

1  pair  mitts Triennially 
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The  following  articles  of  clothing  are  issued  to  each  man  proceeding  on 
active  service  in  cold,  temperate,  or  hot  climates  : — 


In  Cold  Climates. 


Sheepskin  coats  (for  100  men) 

Fur  caps  (per  man) 

Woollen  comforters 

Jerseys,  blue  .... 

Boots,  knee,  brown  leather,  pair 

Stockings,  woollen 


Canvas  shoes  for  dismounted,  and  putties 

for  mounted  men    . 
Drawers,  flannel,  per  man,  pairs 
Belts,  flannel .... 
Mitts,  fur-lined 

Pilot  coats,  each  mounted  man 
Laces  for  ankle  boots,  pair    . 


In  Temperate  Climates. 


Flannel  belts  (when  not  included  in  the 
voyage  kit) 

Canvas  shoes  for  dismounted,  and  putties 
for  mounted  men,  pair   . 


Waterproof  capes  (for  100  men)  .        .     10 
Watch-coats  (for  100  men)  ...      3 


In  Tropical  Climates. 

Frock-coats  of  serge  or  tartan  (when  not  supplied  as  ordinary  clothing 

of  these  climates) 1 

Flannel  belts  (when  not  part  of  the  sea  kit) 2 

Coats,  waterproof  (for  100  men) 10 

For  India A  drill  frock  and  drill  trousers  are  supplied  at  the  public 

expense. 

In  selecting  the  materials  for  soldiers'  clothing,  the  chief  points  to  be 
considered  are  its  permeability,  durability,  and  the  property  it  has  of  con- 
ducting and  absorbing  heat. 

Cotton  is  durable,  does  not  shrink  when  washed,  is  non-absorbent  of 
moisture,  conducts  heat  rapidly  away,  and  has  the  effect  of  chilUng  the 
body  if  perspiration  is  present.  Hence  it  is  not  the  material  for  the  dress 
or  under-garments  of  soldiers.  It  is  also  non-permeable,  possessing  little  more 
than  half  the  permeability  of  flannel. 

Linen,  hke  cotton,  is  a  good  conductor  of  heat  and  a  bad  absorbent  of 
moisture  :  it  soaks  up  the  moisture  from  the  skin,  and  this  evaporating  so 
cools  the  body  as  to  cause  chills.  In  many  respects,  however,  it  is  inferior 
to  cotton  for  underclothing. 

'  Cellular  cotton  '  has  lately  been  introduced.  In  the  process  of  manu- 
facture air  interspaces  are  left  in  the  texture.  Air  being  a  bad  conductor  of 
heat,  the  cellular  cotton  is  warmer  than  cotton  clothing. 

Wool  is  by  far  the  best  material  for  underclothing  :  it  has  very  large 
absorbing  properties  for  moisture,  conducts  heat  very  slowly,  and  thus  pre- 
vents cooling  of  the  surface  of  the  body  after  exercise  ;  it  is  also  nearly  double 
as  permeable  to  air  as  cotton  :  for  these  reasons  wooUen  garments  are  best 
adapted  lor  ensuring  an  equable  temperature  round  the  body,  and  should 
invariably  be  used  in  the  military  service.  In  all  campaigns  it  has  been 
found  the  best  material,  and  the  best  preservative  against  illness.  The  non- 
conducting properties  of  wool  may  be,  in  part,  due  to  the  fibres,  which  con- 
tain a  proportion  of  fatty  matter,  as  well  as  to  the  large  amount  of  air 
entangled  in  the  interspaces. 

Dr.  Jaeger's  woollen  underclothing  is  so  woven  that  it  is  not  irritating  to 
the  skin,  and  the  arrangement  of  the  constituent  hairs  provides  for  the  escape 
of  moisture.    It  is  largely  used  in  the  German  Army. 

The  disadvantages  of  woollen  clothing  are,  that  the  material  becomes 
hard  and  shrinks  on  washing,  and  thus  loses,  in  part,  its  absorbing  pro- 
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perties.  This  can,  in  every  case,  be  obviated  by  using  a  soap  free  from  any 
excess  of  alkali.  The  alkali  acts  on  the  natural  oil  of  the  wool  and  materially 
injures  it.  The  addition  of  a  little  paraffin  to  the  soap  is  said  to  facilitate 
the  removal  of  dirt. 

Soldiers'  shirts,  made  at  Pimlico,  are  manufactured  from  a  mixture  of 
cotton  and  wool :  this  material  is  lighter  and  cheaper  than  pure  wool,  and  is 
said  to  be  more  durable  ;  it  does  not  shrink  in  washing  :  there  should  not  be 
more  than  30  per  cent,  of  cotton  in  the  mixture. 

The  colour  of  the  material  has  an  important  bearing  on  the  hygienic  value 
of  the  clothing,  and  in  regard  to  the  absorption  of  heat  exerts  more  influence 
than  the  material  itself.  The  results  of  experiments  made  at  Aldershot  show 
that  white  possesses  very  slight  absorptive  power  compared  to  other  colours, 
and,  next  to  this  in  the  scale,  grey  or  pale  yellow  gives  the  best  results  :  grey 
is  the  best  colour  for  soldiers'  dress  on  service,  white  is  least  suited  for  the 
field,  as  it  soils  so  quickly ;  the  khaki  drill  used  in  India  appears  to 
answer  well,  and,  as  regards  absorption  power,  corresponds  very  closely  with 
grey. 

All  clothing  should  be  made  to  fit  loosely,  so  as  to  allow  free  movement 
of  every  part  of  the  body,  otherwise  mechanical  work  is  increased.  In 
the  British  Army  the  underclothing  consists  of  shirts,  stockings,  and  flannel 
belts.  The  shirts  are  made  of  a  mixture  of  wool  and  cotton.  In  hot 
climates  all  wool  would  probably  be  found  a  better  material ;  but  the  collar 
b)and  should  be  made  of  linen  to  avoid  shrinkage,  and  consequently  tightness 
round  the  neck.  Drawers  find  no  place  in  the  soldier's  kit ;  they  are  cleanly, 
and  it  is  as  necessary  to  provide  for  the  warmth  of  the  legs  and  lower  part 
of  the  abdomen  as  for  any  other  part  of  the  body.  Many  soldiers  provide  them- 
selves with  drawers. 

Socks  are  made  of  worsted.  They  are  not  sufficiently  supplied,  and  as 
they  often  cause  excess  of  perspiration  they  should  be  frequently  washed. 
It  is  probable  that  sore  feet  are  frequently  due  to  this  cause.  A  good  sock, 
Jjept  clean,  is  a  protective  against  sore  feet.  Flannel  belts  are  useful  to  pro- 
tect the  abdomen  from  chill.  A  watch  must,  however,  be  kept  to  see  that 
naen  wear  them,  especially  in  hot  chmates.  It  is  astonishing  to  find  the 
number  of  men  who  neglect  to  do  so. 

The  tunic — the  coat  worn  by  the  British  soldier — is  closely  fitting,  and  to 
some  extent  compresses  the  muscles,  and  interferes  with  the  free  movement 
of  the  chest.  If  loosely  made,  it  does  not  give  the  same  appearance  of  smart- 
ness to  the  men.  For  active  service  the  tunic  is  made  looser,  and  generally 
of  some  thin  material  (this  will  depend  on  the  climate) ;  but  serge  is  always 
preferable  to  cotton.  A  loose  Norfolk  jacket  is  the  pattern  usually  adopted 
in  India,  and  this  seems  to  meet  all  necessary  requirements. 

Trousers  should  be  large  over  the  lower  part  of  the  pelvis.  Dr.  Parkes 
recommended  the  'peg-top '-shaped  trousers  as  being  the  best  pattern,  and 
if  '  putties  '  are  worn  with  these,  they  make  a  most  serviceable  dress.  The 
patties  give  support  to  the  leg,  and  protect  it  from  the  bites  of  insects. 

Braces  are  preferable  to  a  belt  round  the  waist.  They  form  a  better 
means  of  support,  and  do  not  compress  any  part,  which  a  belt  invariably  must 
do.     This  latter  is  also  said  to  predispose  to  hernia. 

The  great-coat  and  cape  is  issued  in  three  sizes,  and  weighs  from  5  lbs. 
8  oz.  to  6  lbs.  3  oz.  They  are  all  made  double-breasted,  and  as  long  as 
possible.  The  cloth  is  excellent,  but  it  is  rather  heavy,  absorbs  a  large 
quantity  of  moisture,  and  is  difficult  to  dry.  It  would  be  an  advantage  if 
the  great-coat  could  be  made  of  a  lighter  material,  and  waterproof. 

For  service  in  the  field  a  waterproof  sheet  is  an  imperative  necessity,  to 
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.protect  against  rain  or  ground  moisture.  The  waterproof  sheet  should  always 
loe  used  to  lie  on  unless  employed  to  form  a  temporary  tente  d'ahri. 

Such  articles  as  sheepskin  coats,  hoods,  gloves,  &c.,  issued  for  protection 
against  very  severe  cold,  are  necessary,  and  are  fully  justified  by  the  results 
following  their  use. 

The  head-dress  is  an  important  article  of  the  soldier's  kit.  The  essentials 
of  a  good  head-dress  are  that  it  should  be  light,  durable,  and  comfortable  ; 
that  it  does  not  press  unduly  on  any  part,  nor  fit  too  closely  on  the  head. 
It  should  admit  of  a  Hmited  amount  of  ventilation,  and  its  shape  should  not 
only  serve  as  a  protection  to  the  head,  but  it  should  afford  as  little  resistance 
as  possible  to  the  wind. 

Helmets  are  now  issued  to  infantry  regiments,  artillery,  and  engineers, 
and  also  to  departmental  corps. 

Bear-skin  caps  are  worn  by  the  Guards,  Highland  bonnets  and  shakoes  by 
Highland  regiments,  and  a  seal-skin  cap  by  Fusilier  regiments. 

The  infantry  helmet  weighs  14^  oz.  It  is  made  of  cork,  covered  with 
cloth.     The  weight  of  the  bearskin  is  37  oz. 

In  the  cavalry  and  horse  artillery,  helmets  are  also  worn,  but  of  a  slightly 
different  pattern.  They  are  of  excellent  shape,  but  rather  heavy.  In  the 
Guards  and  Heavy  Dragoons  the  helmet  is  of  metal,  and  is  partly  intended 
for  defence.  The  weight  of  the  Life  Guards  helmet  is  55  oz.,  and  of  the 
Dragoon  Guards  39  oz.     The  Lancer  cap  weighs  29^  oz.,  the  Hussar  28^  oz. 

In  India  the  same  head-dress  is  worn  by  all  the  different  branches  of  the 
service.  Helmets  made  of  bamboo  or  cork,  covered  with  cotton  and  pro- 
vided with  puggeries,  are  now  used  :  they  are  very  light — 13  oz. — and  afford 
good  protection  from  the  sun. 

The  '  Tusan  helmet '  has  lately  been  adopted  by  some  regiments  in  India. 
It  consists  of  two  bodies,  one  within  the  other,  forming  a  complete  air- 
chamber,  not  only  in  the  crown  but  in  the  brim,  thereby  completely  protecting 
the  temples  and  the  nape  of  the  neck.  The  weight  with  chin  strap  and 
button  is  only  11^  oz.  ;  with  chin  strap  and  spike,  14  oz. 

In  the  French  Army  a  shako,  made  of  pasteboard  and  covered  with  leather, 
is  worn.     It  is  very  hot. 

Leggings  are  now  used  by  all  dismounted  branches  of  the  service :  they 
are  made  of  leather  and  reach  from  the  ankle  nearly  to  the  knee.  The  great 
advantage  of  leggings  is  that  at  the  end  of  a  march  they  can  be  at  once  taken 
off  and  cleaned.  In  India  '  putties  '  are  used  for  the  same  purpose,  and  are 
found  most  comfortable,  affording  protection  and  support.  They  are  worn 
by  the  mounted  branches  aslo. 

The  boots  are  supplied  from  the  Clothing  Depot  at  Pimlico,  and  are  in 
thirty-two  sizes,  made  right  and  left,  and  weigh  about  40  oz.  The  sole  is 
vidde  and  the  heel  low  and  broad.  The  leather  has  to  be  of  a  certain  quality, 
and  a  number  are  always  cut  up  and  examined  before  a  contract  is  passed. 
There  must  be  eight  stitches  per  inch  for  the  upper  leather,  and  the  thread 
must  be  of  a  certain  strength  and  well  waxed.  The  great  fault  of  this  boot  is 
its  hardness  and  the  rough  way  in  which  it  is  finished.  Once  it  is  moulded  by 
wear  to  the  shape  of  the  foot,  it  is  an  excellent  boot.  In  the  Eussian  Army 
boots  made  of  a  soft  and  pliable  leather  are  issued,  and  foot-soreness  is  said 
to  be  unknovim  :  the  Eussians  appear  fully  to  understand  the  advantages  gained 
by  this. 

The  EngUsh  boot  seems  to  require  some  other  means  of  fastening  it. 
The  number  of  eyelet-holes  cause  waste  of  time  in  fastening,  and  the  thong 
is  hable  to  break.  The  '  Elcho  '  boot  is  worn  by  officers  on  service  :  it  is  a 
long  boot  with  a  slit  down  the  centre  ;  it  may  be  worn  under  the  trousers  or 
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outside,  as  the  slit  opens  and  can  be  laced.  There  is  no  difficulty  in  taking 
off  this  boot  when  wet,  as  was  so  frequently  the  case  with  the  old  pattern. 

For  service  in  the  field,  boots  should,  if  possible,  be  made  impermeable  to 
wet.  Dr.  Parkes  recommended  the  following  receipt  which  he  tried  and- 
found  effectual. 

Take  half  a  pound  of  shoemaker's  dubbing,  half  a  pint  of  linseed  oil,  half 
a  pint  of  solution  of  india-rubber.  Dissolve  with  gentle  heat  (the  mixture- 
is  very  inflammable),  and  rub  on  the  boots.  This  will  last  for  five  or  six 
months  ;  but  it  is  well  to  renew  it  every  three  months. 

Army  orders  dh-ect  (1)  that  soldiers'  boots  are  to  be  blackened  with  three 
coats  of  ordinary  blacking  instead  of  other  substances.  (2)  Boots  or  shoes 
in  store  are  to  be  dubbed,  or  have  neat's-foot  oil  applied  to  uppers  at  least 
once  in  four  months. 

To  prevent  foot-soreness  among  men  unaccustomed  to  marching,  the  feet 
should  be  well  soaped  or  greased  before  putting  on  the  boots,  and  at  the  end 
of  the  march  they  should  be  washed  and  thoroughly  dried. 

Astringent  lotions,  such  as  alum  dissolved  in  tepid  water,  have  been 
found  useful. 

Bhsters  are  best  treated  by  carefully  drawing  a  woollen  thread  through  the 
lowest  point  and  allowing  the  fluid  to  drain,  taking  care  not  to  tear  away  the  skin. 

In  the  German  Army  a  powder  composed  of  salicylic  acid  3  parts,  finely 
powdered  starch  10  parts,  and  pulverised  soap  87  parts,  is  used,  it  is  said,, 
with  great  advantage.  The  feet  and  the  inside  of  the  boots  are  dusted  witk 
it.     It  keeps  the  feet  dry  and  prevents  chafing. 

Weights  of  the  Soldier's  Deess  and  Accoutrements, 
AND  HOW  Carried 

In  the  mounted  branches  of  the  service  the  weight  of  the  accoutrements- 
and  equipment  is  in  great  part  carried  by  the  horse.  When  not  worn  the 
great-coat  is  carried  m  a  roll  over  the  shoulder,  or  more  generally  in  front,  on 
the  horse. 

The  following  table  gives  the  approximate  weights  carried  by  a  horse  on. 
active  service  in  the  field  :  ^ — 

Light  Cavalry 

Table  of  Approximate  Weights  carried  by  a  Horse  i?i  the  Field. 

St.    lbs.   oz. 

The  rider  (say)  10     4     0 

Clothes  on  rider — viz.  flannel  shirt,  drawers,  socks,  braces,  head- 
dress, tunic,  pantaloons,  boots,  spurs,  gloves,  and  flannel 

belt 1     1  11 

Arms,  &e.,  belts  and  sword 0    7    0 

Carbine 077 

Ammunition,  30  rounds 0    4     8 

Saddlery — viz.  saddle  and  bridle  complete,  breastplate,  wallets, 

shoe-cases,  numnah,  head-rope,  and  carbine  bucket    .         .       2     9  11 

Small  blanket  under  saddle 0     2     0 

Kit  of  rider — viz.  clothes-brush,  stable-sponge,  oil-bottle,  pot  of 
grease,  horse-rubber,  pocket-ledger,  field-dressing,  horse- 
brush,  curry-comb,  flannel  shirt,  drawers,  socks,  towel  and 
piece  of  soap,  hold-all  with  needles  and  thread,  kit  scissors, 
fork,  spoon,  comb,  and  forage-cap        ....  075 

One  day's  reserve  rations  (sausage),  say 0     0  12 

Cloak  and  waterproof  sheet 0    9     8 

Carried  forward        .        .         .     16  11  14 

'  Lord  Wolseley,  Soldier's  Pocket-book,  p.  18. 
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St.  lbs.  oz. 

Brought  forward          .        .        .  16  11  14 

Mess-tin  and  strap 014 

Haversack,  water-bottle,  and  pocket-knife 0     1  12 

Hoof-picker,  nose-bag,  picket-peg,  heel-rope,  and  shackle  .        .  0     4     1 

Hay-net,  corn-sack 0     3  12 

A  fore  and  hind  shoe  with  nails 0     1  14^ 

Balance  of  man's  rations,  &c.  (say) 0     10 

Balance  of  horse's  forage,  &c.  (say) 0     6    0 

Mallet  (when  carried) 0     2     0 

Total    .        .        .    18     5    9|' 

The  Infantry  soldier's  kit  is  divided  into  the  service  and  the  surplus  kit, 
the  latter  being  always  carried  for  the  man.  The  greater  part  of  the  service 
kit  is  made  up  of  the  clothes  he  wears,  with  a  few  duplicate  articles  and  other 
necessaries. 


Inpantey 

The  following  are  the  weights  of  the  1888  valise  equipment  in  different 
*  Marching  Orders  : ' — 

1.  Service  Marching  Order. 

Lbs.    oz. 

1  Valise 1     8| 

1  Pair  of  braces  and  chapes 0  13^ 

1  Waist-belt 
.2  Pouches     . 


1  Haversack 

1  Mess-tin,  cover,  and  strap 

1  Water-bottle  and  carrier 

2  Coat  straps 
1  Frog  for  side-arm 
1  Great-coat 
1  Cape .... 
1  Eifie  and  sling  (magazine) 
1  Bayonet  and  scabbard 
1  Magazine  pouch 
1  Spade 


Total 


2.  Home  Marching  Order. 


2  Pouches    .... 
Haversack    .... 
Water-bottle  and  carrier 
Great-coat  and  cape,  with  slings 
Mess-tin,  cover,  and  strap    . 

Vahse 

Pair  of  braces  and  chapes    . 
Eifle  and  sling 
Bayonet,  scabbard  and  frog 
Waist-belt    .        ... 


Total 


3.  Light  Service  Order. 


Same  as  service  marching  order, 
but  without  valise,  braces,  and 
chapes 

Add  waterproof  sheet  .        . 


0  121 


27  15i 


1     3 

0  9i 

1  0 
6  11 
1  11 
1     8| 

0  13i 
9     8 

1  4i 
0_12| 

25     Ih 


27  15i 
2     6 


Total 


25    9J 
4    4 

29  13^ 
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Additional  Weight  carried  on  Service. 

Lbs.  oz. 

Field  kit 5    6 

Bations 2     0 

Water  (in  bottle) 18 

Ammnnition  (magazine) 6     4 

Waterproof  sheet 4    4 

Total      .        .        .  19     6 

In  the  Cavalry  the  weight  carried  appears  to  be  too  great :  the  weight  of 
his  clothing  and  equipment  is  equal  nearly  to  the  man  himself.  It  is  a  mis- 
take to  overweight  the  horse :  the  long  and  rapid  marches  Cavalry  have  to 
make  tell  especially  on  the  horse  when  he  is  overpowered  by  such  a  weight 
as  19  stone,  and  it  is  of  no  less  importance  to  keep  the  horse  effective  as 
weU  as  his  rider. 

In  the  case  of  the  Infantry  soldier,  who  carries  the  weights  himself,  the 
greatest  care  is  necessary  in  their  arrangement  so  as  not  to  detract  from  his 
efficiency  or  to  injure  his  health.  Whenever  possible,  his  kit,  as  far  as  he 
can  dispense  with  it,  should  be  carried  for  him,  with  the  exception  of  his 
armament  and  water-bottle.  The  advantage  of  transporting  a  soldier's  knap- 
sack for  biTri  is  well  recognised  in  India,  where  longer  marches,  greater 
endurance,  and  efficiency  are  found  to  result  from  this  practice. 

The  chief  points  to  attend  to  are  to  so  adjust  the  weights  that  when  carried 
they  fall  as  near  the  centre  of  gravity  as  possible,  and  not  outside ;  there 
must  be  no  compression  of  the  chest,  so  as  to  interfere  with  perfect  freedom 
of  respiration,  or  with  the  circulation  by  pressure  on  the  arteries  or  veins. 
The  weight  should  be  distributed  as  far  as  possible,  so  as  to  avoid  fatiguing 
one  set  of  muscles. 

Soldiers  should  be  taught  to  carry  weights,  so  as  to  dispose  of  them  com- 
fortably and  then  cease  to  carry  them,  unless  absolutely  required  to  do  so. 

The  present  equipment  is  partly  based  on  the  plans  recommended  by  the 
late  Sir  T.  Troubridge,  C.B.,  but  there  have  been  many  improvements  since 
it  was  first  introduced.  The  principle  is  to  use  the  point  of  the  shoulders 
and  the  sacrum  on  which  to  distribute  the  weight.  The  old  framed  knap- 
sack has  been  abandoned,  and  a  valise  equipment  substituted. 

The  new  valise  equipment  (pattern  1888)  possesses  the  great  advantage 
that  it  is  hght  and  very  simple.  In  a  few  seconds  the  soldier  can  change 
from  '  marching '  to  '  service  '  order  by  merely  detaching  the  valise  from 
the  remainder  of  the  equipment.  The  pouches  are  so  constructed  that 
whUst  the  ammunition  can  be  easily  got  at,  hability  to  loss  is  provided 
against.  Greater  freedom  of  action  is  allowed,  as  the  straps  under  the 
arms  are  dispensed  with.  This  vahse  costs  less  than  the  former  patterns. 
It  is  made  of  japanned  canvas  and  is  carried  on  the  back  of  the  shoulders, 
and  is  so  arranged  that  it  adapts  itself  to  the  width  of  the  soldier's 
shoulders. 

The  vahse  holds  the  following  articles  : — Emergency  ration  ;  towel  and 
soap  ;  clothes-brush  ;  hold-all  complete ;  housewife,  fitted  ;  pocket-ledger ; 
one  pair  of  socks  ;  canvas  shoes  ;  and  cape  carried  under  the  flap. 

The  ammunition  is  carried  in  two  pouches  ;  the  right  hand  is  the 
^  expense '  pouch  containing  thirty  rounds,  the  left  being  the '  reserve  '  holding 
forty  rounds. 

The  mess-tin  is  carried  on  the  top  of  the  great-coat  or  under  the  coat, 
when  this  is  carried  on  the  shoulders,  or  it  may  be  fastened  to  the  waist-belt ; 
in  each  case  it  can  be  detached  without  interfering  with  the  rest  of  the  equip- 
ment. 
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The  German  soldier  carries  his  kit  in  a  cowskin  knapsack,  which  is  en- 
circled by  the  rolled  great-coat  and  to  the  back  of  it  a  camp  kettle  is 
strapped. 

The  ammunition  is  carried  in  the  two  front  pouches.  The  haversack,  to 
which  a  drinking  flask  is  attached  by  a  clip,  is  worn  at  the  right  side  ;  on  the 
left  an  entrenching  spade  is  strapped,  the  bayonet  hanging  over  it.  The 
total  weight  carried  is  about  70  lbs. 

The  helmet  is  of  polished  leather  with  spike  and  ornaments  of  brass  ;  it 
is  low,  fits  tightly  on  the  head,  and  is  rather  heavy.  His  arm  is  the 
'  Mannlicher  '  repeating  rifle.  The  ammunition  is  made  up  in  magazines 
holding  five  cartridges  in  each  :  these  fit  into  the  pouch.  The  following 
weights  are  carried  by  the  German  Infantry  soldiers  : — 

libs.  oz. 

Clothing  on  the  person  (with  gloves),  not  including  helmet  .        .23  8 
Armament  and  equipment,  including  helmet,  water-bottle  (full), 

coffee-mill,  and  entrenching  tools 42  8 

Sundries 1  13 

Eations 5  12 

Total        .        .    73        9 

Some  of  the  articles  are  not  always  carried  by  the  same  man,  such  as  the 
coffee-mill,  hatchet,  and  spade,  so  the  weight  may  be  lessened  to  67  lbs. — 
average  weight  carried,  67  to  71  lbs.  His  rifle  weighs  10  lbs.  and  the  bayonet 
1  lb.  81  oz. 

In  the  French  Army  the  soldier  wears  his  coat  rather  long,  but  has  the 
skirts  buttoned  back ;  his  trousers  are  usually  turned  up  at  the  bottom  over 
shoes  and  leggings.  His  kit  is  carried  in  a  cowskin  knapsack,  around  which 
a  blanket  and  portions  of  a  shelter  tent  are  strapped,  the  whole  surmounted 
by  a  camp  kettle.  Two  pouches  carry  his  ammunition — one  in  front  and  the 
other  in  rear  of  the  waist  belt.  A  flask  and  drinking  cup  hang  at  the  right 
side  and  a  canvas  haversack  at  the  left.  His  'kepi,'  or  shako,  is  made  of 
leather  or  pasteboard,  and  to  make  it  as  light  as  possible  it  is  divested  of  all 
unnecessary  ornaments.  His  arm  is  the  '  Lebel  '  repeating  rifle,  in  which 
nine  cartridges  are  placed,  and  can  be  discharged  in  succession  without  re- 
loading. The  total  weight  carried  by  the  French  Infantry  soldier  is  nearly 
67  lbs. 

The  Austrian  soldier  carries  his  kit  in  a  cowskin  knapsack,  around  which 
is  strapped  his  overcoat  and  on  the  back  a  camp  kettle.  The  whole  can  be 
immediately  detached  by  withdrawing  a  pin  in  the  right  shoulder-strap.  Two 
pouches  in  front  contain  the  ammunition,  and  an  additional  supply  is  carried 
in  a  cartridge-box  of  the  same  material  as,  and  immediately  under,  the  knap- 
sack. The  drinking-flask  is  suspended  at  the  left  breast.  A  brown  canvas 
haversack  hangs  at  the  left  side,  and  the  entrenching  spade  is  strapped  to  it, 
over  which  again  hangs  the  short  sword  bayonet  by  a  frog  from  the  waist- 
coat. For  parade  purposes  he  is  provided  with  a  tunic  and  shako,  but  on 
service  in  the  field  he  wears  a  loose  blouse,  with  pockets,  and  a  field  cap,  with 
flats,  which  can  be  unbuttoned  when  necessary. 

His  arm  is  the  same  in  every  respect  as  the  German  soldier.  The  total 
weight  carried  on  service  in  the  field  is  about  60  lbs. 

The  Eussian  soldier's  equipment  consists  of  two  large  waterproof  canvas 
satchels  slung  over  either  shoulder ;  that  on  the  right  side  contains  clothing  and 
necessaries,  while  the  left  one  is  used  as  the  ordinary  haversack.  The  great- 
coat is  roUed  and  worn  round  the  body ;  to  the  middle  of  it,  at  the  back,  a 
case  containing  a  spare  pair  of  boots  is  affixed,  and  below  that  the  man's  por- 
tion of  a  shelter-tent.     To  the  coat-ends  a  copper  camp  kettle  is  fastened 
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by  its  handle.  A  water-bottle  bangs  over  tbe  left  haversack  and.  an  en- 
trenching spade  is  strapped  by  its  blade  to  the  waist-belt.  The  ammunition 
is  carried  in  two  pouches  in  front.  His  present  rifle  is  being  replaced  by  the 
French  '  Lebel '  rifle.  In  the  field  his  headdress  is  a  forage  cap,  made  of 
black  cloth,  with  coloured  band.     Total  weight  carried  is  about  74  lbs. 

The  Italian  soldier  carries  his  equipment  in  a  knapsack  made  of  cowskin  : 
round  it  is  the  great-coat  and  a  camp  kettle  strapped  at  the  back.  The  waist- 
belt  is  worn  under  the  tunic,  the  skirts  of  which  are  buttoned  back  in  front 
to  allow  the  ammunition  pouch  to  protrude.  A  water-bottle  is  worn  on  the 
right  side,  the  haversack  and  sword  bayonet  at  the  left  side.  In  the  field  a 
white  cover  is  worn  over  the  ordinary  shako.  His  arm  is  the  '  Vitali '  repeat- 
ing rifle.     The  weight  carried  is  about  75  lbs. 

Work  of  the    Soldier 

The  work  of  the  soldier  depends  mainly  on  the  branch  of  the  service  to  which 
he  belongs,  and  therefore  it  cannot  be  brought  under  one  general  description. 

The  Artillery  have  the  hardest  work,  which  comprises  mostly  cleaning 
horses,  guns,  carriages,  and  stables  ;  the  Cavalry  have  very  nearly  the  same 
amount  of  work  to  get  through,  although  their  stable  duties  consist  nearly 
altogether  in  lookmg  after  their  horses  ;  their  movements  on  parade  are  more 
rapid  and  the  distances  they  cover  are  greater  than  the  Artillery.  The  Infantry 
duties  are  mostly  confined  to  drills,  marches,  and  fatigue  work  in  barracks. 

All  these  duties  when  not  carried  too  far  have  a  beneficial  effect,  but  when 
severe  and  violent  work  has  to  be  done  hurriedly,  the  soldier  is  not  placed 
in  the  same  favourable  condition  to  carry  out  the  work  as  an  ordinary 
mechanic  would  be  :  this  is  due  to  the  movement  of  his  body  being  limited, 
owing  to  his  being  more  or  less  burdened  with  the  weights  of  his  accoutre- 
ments and  his  clothes. 

With  a  view  to  assist  in  the  physical  development  of  the  soldier,  every 
recruit  is  ordered  to  have  a  three-months'  course  of  gymnastic  training.  The 
exercises  last  for  one  hour  daily,  and  are  in  addition  to  his  ordinary  drill. 
This  training  is  superintended  by  a  medical  officer,  who  is  responsible  that  it  is 
done  properly,  and  who  has  power  to  discontinue  the  exercises  if  there  is  any 
evidence  of  their  acting  injuriously,  the  symptoms  indicating  the  necessity 
for  rest  being  hurried  or  difficult  respiration,  and  smalhiess,  inequaUty,  and 
irregularity  of  the  pulse.  ^  The  Infantry  soldier  goes  through  this  course 
every  year,  but  in  the  Cavalry,  fencing  and  sword  exercise  are  substituted  for  it. 

During  the  training  the  men  are  carefully  examined  from  time  to  time, 
and  measurements  taken  to  ascertain  what  effect  it  has  on  their  physical 
development.  The  regulations  lay  down  that  each  man's  weight  must  be 
taken  at  the  beginning  and  end  of  each  course,  and  oftener  if  there  is  any 
reason  to  believe  that  a  loss  in  bcdy-weight  is  taking  place,  care  being  taken 
that  the  weight  is  recorded  under  the  same  conditions,  as  far  as  possible,  each 
time.  Men  should  be  weighed  in  their  trousers  only  ;  the  early  morning,  and 
before  breakfast,  is  the  best  time. 

All  medical  officers  consider  that,  as  regards  chest  measurements,  the 
extent  of  mobility  is  of  more  practical  value  than  the  actual  maximum 
and  minimum  measurements  of  the  chest  walls,  for  it  is  expansion  that  shows 
capacity  for  sudden  or  sustained  effort.  As  a  rule  also  the  growth  of  muscle 
follows  on  gymnastic  training.  Measurements  should  be  taken  when  the 
muscle  is  relaxed,  and  when  tense,  and  over  the  thickest  part. 

Much  of  the  success  due  to  gymnastic  training  depends  on  the  instructor ; 
if  he  has  patience,  and  the  men  are  not  urged  to  repeated  exertion,  but 
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■sufficient  rest  allowed  between  the  exercises  and  the  work  constantly  varied, 
there  is  little  danger  of  any  undue  strain  on  the  heart  or  blood-vessels.  The 
ordinary  duties  of  barrack  life  may  be  said  to  consist  in  drills,  fatigue  duties, 
and  marches  ;  in  the  drills  the  position  is  more  or  less  strained,  and  the 
nature  of  his  dress  and  equipment  adds  to  the  work  the  soldier  is  called 
upon  to  do. 

In  all  drills  and  marches  the  movements  are  to  a  certain  extent  stiff. 
The  position  of  '  attention  '  is  not  a  secure  one,  as  the  basis  of  support  is 
small,  and  muscular  action  is  necessary  to  maintain  the  equilibrium.  It  is 
not  desirable  to  keep  men  long  in  this  attitude,  and  they  are  told  to  '  stand 
at  ease.'  In  this  position  the  heels  in  place  of  being  together,  as  at  *  atten- 
tion,' are  further  apart,  and  afford  a  broader  basis  of  support. 

In  marching  the  attitude  is  stiff ;  the  centre  of  gravity  is  constantly  shift- 
ing from  one  foot  to  the  other  in  a  constrained  way ;  the  lateral  movement 
which  is  made  in  ordinary  walking  is  limited  ;  it  is  certainly  more  fatiguing 
than  ordinary  walking.  For  this  reason,  whenever  practicable,  the  order  is 
given  to  '  march  at  ease,'  in  which  there  is  more  gradual  and  not  nearly  so 
much  loss  of  muscular  strength. 

In  marching,  the  heel  touches  the  ground  first,  and  then  rapidly  the  rest 
■of  the  foot.  The  heels  of  the  boots,  therefore,  should  be  broad  and  flat.  It 
has  been  noted  that  low  heels  exert  a  favouring  influence  on  the  pace  at 
which  a  man  walks,  thereby  diminishing  fatigue,  the  rhythm  of  the  steps 
having  an  important  influence  on  his  speed,  and  low  flat  heels  having  an  in- 
fluence on  the  rhythm. 

The  pace  should  not  be  too  slow.  It  is  necessary  to  combine  the  least 
■expenditure  of  muscular  force  with  the  greatest  number  of  steps  per  minute. 
This  has  been  estimated  by  Thurn  at  100  steps  per  minute,  and  he  states 
that  at  this  rate  the  leg  pendulum  traverses  its  full  swing.  At  a  less  rate 
the  swing  is  not  completed. 

To  obviate  the  unnecssary  waste  of  labour  and  fatigue  incidental  to  march- 
ing, the  foot  should  not  be  raised  from  the  ground  higher  than  is  required 
to  clear  obstacles,  and  it  should  not  be  advanced  beyond  the  place  where  it  is 
to  be  put  down. 

In  the  British  Army  the  length  and  number  of  steps  in  marching  are  as 
follows : — 

Length  and  Numher  of  Steps  in  Marching. 


Kind  of  step 

Length 

No.  per  minute 

Ground  traversed 
per  minute 

G-round  traversed 

per  hour  without 

halt 

Slow  time   .... 

Quick  time .... 

Stepping  out 

Doubling     .         ,         .         . 

Stepping  short    . 

Side  step     .... 

Or  when 
Forming  four  deep 
Stepping  back     , 

Inches 
30 
30 
33 
33 
21 
12 

24 
30 

75 
116 
110 
165 

Feet 
187^ 
290 
303  i 
453| 

Miles 

2-1 

3-3 

3-4 

5-157 

Quick  time  is  at  the  rate  of  116  paces  per  minute,  or  3  miles  520  yards 
in  an  hour— roughly  3-3  miles  per  hour.  This  rate,  however,  is  seldom  ac- 
complished by  large  bodies  of  men.  If  the  road  is  a  very  good  one,  in  a 
temperate  climate  during  good  weather,  a  division  can  march  2^  miles  an 
hour.     As  a  rule,  not  more  than  two  miles  are  done,  and  only  half  this,  if 
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the  roads  and  weather  are  unfavourable.  Cavahry  and  Horse  Artillery  marclt 
from  four  to  five  miles  an  hour. 

Eunning  drill  has  been  introduced  during  late  years.  It  is  limited  to- 
1,000  yards.  The  pace  must  not  exceed  six  miles  an  hour,  and  the  men  are: 
to  be  gradually  trained  up  to  this. 

In  the  French  Army  the  length  of  step,  &c.,  is  as  follows  : — 

French  Steps  in  English  Measures  (Morache,  1886). 


- 

Length  of  step 
in  inches 

Steps  per  minute 

Ground  traversed 

per  minute  in 

feet 

Ground  traversed 

per  hour  in 

miles 

Pas  accelere     . 
Pas  maximum      "1 
(gj-mnastique)  J 

29-5 
31-5 

120  to  135 
170 

295  to  332 

446 

3-35  to  3-80 
5-10 

The  length  of  the  French  step  is  nearly  the  same  as  the  English.  Under- 
the  new  regulations  the  ground  traversed  per  hour  is  the  same. 

In  the  German  Army  the  step  is  31'2  inches.  There  are  112  steps  per 
minute,  and  the  ground  traversed  is  3' 36  miles  per  hour.  In  the  Austrian 
Army  there  are  from  115  to  130  steps  per  minute  ;  the  length  of  the  step  is 
29'2  inches,  and  the  ground  traversed  3*22  to  3"65  miles  per  hour.  In  the 
ItaHan  Army  the  step  is  the  same.^ 

In  the  Eussian  Army  the  rate  is  116  to  120  paces  per  minute  of  28  inches,. 
covering  2|  miles  per  hour,  and  13^  to  16f  miles  per  day  of  7  to  9  hours. '^ 

The  soldier  in  this  country  carries,  when  marching  in  service  order,  his 
valise,  which  contains  his  kit,  two  pouches,  greatcoat,  haversack,  water-bottle, 
mess-tin,  rifle  and  ammunition,  and,  carrying  this  weight  in  addition  to  the 
clothes  on  his  person,  the  steps  are  probably  as  long  as  possible.  The  steps 
must  of  necessity  be  shorter  in  proportion  to  the  weight  carried.  In  India 
the  greatcoat  and  vaHse  are  carried  for  the  men. 

It  may  be  convenient  to  state  the  amount  of  work  done  in  marching  as- 
so  many  foot-tons.  Using  the  formula^  adopted  by  Professor  Haughton, 
F.E.S.,  and  assuming  a  man  to  weigh  160  lbs.  with  his  clothes,  we  get  the^ 
following  table : — 

Work  done  in  tons 
lifted  one  foot 


Kind  of  exercise 

Walking    1  mile 

),         2     „ 

,,       10     ,', 

20     „ 

1  „ 

2  „ 
»  10  „ 
„       20  „ 


and  carrying  60  lbs. 

18-86 

37-72 

188-60 

377-20 

25-93 

51-86 

2o9-30 

518-60 


It  will  be  seen  from  the  above  table  that  a  march  of  ten  miles,  with  a 
weight  of  60  lbs.,  which  is  about  the  weight  the  soldier  carries,  is  a  moderate 


^  Morache,  Midecine  Militaire,  p.  761. 
Handbook  of  the  Russian  Army,  Major  Wolfe  Murray,  p.  32. 

where  W  is  the  weight  of  the  person  ;  W  the  weight 


The  formula  is  ^-  +  W'"^ 


20-^2240 

carried ;  20  the  coefficient  of  traction,  and  2240  the  number  of  pounds  in  a  ton.  The 
result  is  the  number  of  tons  raised  one  foot.  To  get  the  distance  in  feet  multiply  5,280 
by  the  number  of  miles  walked.  Dr.  Haughton  has  shown  that  walking  on  a  level  surface 
at  the  rate  of  three  miles  an  hour  is  nearly  equivalent  to  raising  ith  part  of  the  weight 
of  the  body  through  the  distance  walked. 
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day's  work  ;  a  twenty  miles'  march  under  similar  conditions  is  a  very  liard 
day's  work.  Dr.  Haughton  thinks  that  walking  twenty  miles  a  day  without 
a  load,  and  Sunday  being  a  day  of  rest,  is  good  work.  This  is  equal  to  353 
foot-tons. 

During  marches,  regular  halts  are  necessary  in  order  to  rest  the  muscles, 
and  to  reheve  them  from  continuous  tension.  Lord  Wolseley  recommends  a 
halt  of  five  to  ten  minutes  every  hour,  and  when  the  march  extends  for  ten 
or  twelve  miles,  to  halt  for  thirty  minutes  when  half-way ;  and  this  appears 
to  be  true  economy  of  labour. 

Frequent  short  halts  allow  the  muscles  to  rest,  and  there  is  economy  of 
force  with  less  fatigue  by  working  for  a  short  period  with  a  short  period  of  rest, 
than  by  working  for  a  long  period  with  only  one  period  of  rest. 

In  tropical  countries  the  time  of  marching  should  be  so  arranged  that,  if 
possible,  the  sun  should  not  fall  on  the  backs  of  the  men.  This  can  usually 
be  avoided  by  using  the  early  morning  hours  for  the  march. 

Night  marches  should  never  be  resorted  to.  In  the  tropics  the  soldier 
cannot  sleep  during  the  day  in  tents,  and  marching  at  night  destroys  the- 
only  rest  available.  All  experience  shows  that  night  marches  sap  men's 
strength  and  fill  the  hospitals  :  this  time  should  be  utilised  for  the  purpose 
which  Nature  intended  it  for.  The  early  morning  hours  are  the  best :  men 
appear  to  traverse  the  ground  more  easily  and  to  feel  the  fatigue  less.  The 
length  of  a  march  in  time  of  peace,  which  is  usually  done  on  home  service  twice- 
a  week  during  the  winter  months,  is  8  or  10  miles.  In  India  the  distance  is 
about  the  same,  and  never  exceeds  14  miles  route-marching.  A  forced  march 
is  any  distance  which  has  to  be  got  over  in  a  certain  time,  say  20  or  30  miles^ 
which  has  to  be  accomplished  in  24  hours. 

In  the  French  Aimy  the  length  of  a  march  is  12^  to  15  miles ;  in  the 
German  Army  about  14  miles,  and  if  the  march  is  continuous  there  is  a  halt 
every  fourth  day. 

When  the  distance  covered  is  over  15  or  16  miles,  men  should  halt  for 
dinner,  and  have  an  evening  meal  on  reaching  camp.  Marches  should  not 
be  too  long  prolonged,  especially  at  first ;  regular  halts  should  be  arranged 
for,  and  at  least  on  one  whole  day  during  the  week,  with  a  short  march  on 
one  other  day.  The  other  rules  are  simple  :  ample  food,  good  water,  and 
lighten  and  adjust  the  loads  a  man  has  to  carry  in  every  possible  way.  No- 
spirit  ration  is  necessary,  and  none  should  be  allowed. 

If  a  malarious  tract  of  country  has  to  be  crossed,  this  should  be  done  in 
a  temperate  climate  in  the  daytime,  and  in  the  tropics  in  the  afternoon.  The 
poison  of  malaria  is  more  powerful  in  the  very  early  morning  than  at  any 
other  time,  and  when  the  march  can  be  accomphshed  without  a  halt  this 
should  be  done.  If  the  distance  is  too  great,  and  a  halt  is  necessary,  a  dose 
of  quinine  may  be  given,  and  the  men  cautioned  against  exposing  themselves 
to  the  early  morning  air  more  than  is  necessary.  Before  leaving  camp  the 
men  should  have  a  good  ration  of  bread,  coffee  or  cocoa.  The  men  should 
start  on  the  march  at  *  quick  time,'  and  in  the  most  open  order,  for  if  the 
ranks  close  up  the  temperature  mounts  up,  and  the  air  is  vitiated  with  the 
products  of  respiration  and  transpiration. 

If  the  march  is  a  continuous  one  and  in  a  tropical  country,  men  should 
be  allowed  to  unbutton  their  coats,  and  be  reheved  from  all  superfluous 
weight.  Good  water  or  cold  tea  should  be  provided,  as  any  deficiency  in  the 
supply  of  fluids  will  obviously  diminish  perspiration,  and  the  temperature  of 
the  body  will  rise.  The  effete  matters  got  rid  of  by  free  perspiration  will  be 
retained,  and  a  condition  favouring  heat-stroke  estabhshed.     In  the  tropics 
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an  ample  supply  of  fluids  is  absolutely  necessary,  and  in  addition  men  should 
be  encouraged  to  bathe  their  faces  and  hands  Tvhen  opportunity  offers  at  the 
halting-places. 

At  the  end  of  a  march  men  should  be  dismissed  from  parade  as  soon  as 
possible,  so  as  to  avoid  inducing  further  fatigue.  On  dismissal,  they  should 
wash  their  feet  and  may  change  their  socks :  this  is  the  best  preyentative 
against  foot-soreness. 

Exposure  to  wet  and  cold  in  temperate  climates  tells  severely  on  the 
soldier.  If  at  night  he  can  obtain  dry  clothing  and  comfortable  lodgings,  he 
can  bear,  without  much  risk,  great  exposure  ;  but  if,  as  is  often  the  case  in 
this  country,  he  suffers  at  night  as  well  as  during  the  day,  rheumatism,  colds, 
and  dysentery  follow.  In  the  German  Army  provision  is  made  against  wet, 
as  far  as  possible  ;  the  shelter  tent  is  carried  by  every  two  men,  and  the 
canvas  can  be  unrolled  and  worn  by  the  bearer  as  a  water-tight  poncho. 
It  would  be  very  advisable  to  issue  waterproof  sheets  to  the  men,  which 
would  afford  protection  against  wet  both  day  and  night.  They  have  been 
found  of  the  greatest  benefit  by  those  who  have  tried  them. 

AEiiY  Statistics 

Statistics  are  intended  to  show  the  effect  of  military  hfe,  and  the  influence 
of  service  in  various  countries  and  under  different  conditions  of  climate. 

Statistics  of  army  disease  and  mortahty  were  first  commenced  after  the 
Peninsular  War,  but  these  were  issued  at  long  and  irregular  intervals.  They 
gave  much  information  viith  regard  to  the  topography  and  climate  of  various 
stations,  and  were  continued  h'om  1817  to  1853.  The  advent  of  the 
Crimean  War  appears  to  have  put  a  stop  to  any  fm'ther  issue  for  a  time  ;  in 
1859  they  were  again  published,  and  since  that  year  have  been  issued 
annually.  These  returns  show  the  amount  of  loss  the  army  incurs  annually 
from  disease,  not  only  for  the  Army  as  a  whole,  but  for  each  particular  arm 
of  the  service,  as  well  as  for  each  station  or  command  at  home  and  abroad. 

In  order  that  the  results  may  be  compared  with  those  taken  from  the 
civil  population  as  well  as  those  given  in  previously  pubhshed  medical  statis- 
tics, it  is  necessary  that  the  classification  shall  be  as  far  as  possible  uniform ; 
for  this  purpose  the  official  Nomenclature  of  Diseases  is  adopted  in  the 
British  Army  return.  Unfortunately,  owing  to  different  classifications  being 
adopted  in  different  countries,  it  is  not  always  possible  to  compare  the  sick- 
ness and  mortahty  for  special  diseases  occuiTing  in  different  armies.  To 
obviate  the  inconvenience  arising  from  this.  Dr.  Billings  ^  suggests  that  the 
following  diseases  should  be  given  separately  from  any  system  of  classifica- 
tion, whenever  they  occur  among  troops — viz.  cholera,  yellow  fever,  plague, 
typhus,  relapsing  fever,  cerebro-spinal  fever,  diphtheria,  tetanus,  and  specific 
influenza. 

But  httle  information  is  gained  by  recording  the  statistics  of  disease  and 
mortality  as  a  whole  ;  the  most  important  factor  in  deahng  with  army  statis- 
tics is  age,  for  unless  the  mortality  is  given  by  age-groups  it  is  impossible  to 
compare  the  effects  of  mihtary  service  with  those  relating  to  the  civil  popula- 
tion. The  special  points  to  be  determined  with  reference  to  Army  Statistical 
Eeportsare  as  follows  :  — 

1.  The  number  of  admissions  into  hospital  as  compared  to  the  number  of 
persons  furnishing  the  sick. 

This  is  obtained  by  taking  the  numbers  of  the  body  furnishmg  the  sick, 

'  International  Medical  Congress  Rejports,  1890. 
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and  the  sick,  and  reducing  both  to  a  comparable  standard  :  thus  a  regiment 
1,080  strong  furnishes  23  sick  in  a  week ;  reduce  this  to  a  percentage 

23xl00^^.-^g        ^g^^    ^^  21-3  per  1,000. 
1,080  ^  '- 

Of  course,  the  numbers  furnishing  the  sick  are  constantly  reduced  by  the 
sick  entering  hospital ;  as  a  rule,  an  equivalent  number  usually  leave  hospital ; 
if  the  numbers  are  very  different,  a  calculation  must  be  made  to  equalise  them. 

It  is  always  desirable  to  express  what  would  be  the  admissions  in  a  year 
into  hospital,  supposing  that  the  strength  remained  the  same,  and  furnished 
every  week  the  same  number  of  sick.  This  result  is  obtained  taking  the 
daily  admission  per  1,000  and  multiplying  by  365.  In  this  case  =  1,107 
per  1,000.  Therefore,  the  whole  regiment,  or  what  would  be  equivalent  to 
it,  would  pass  through  the  hospital  if  23  men  were  admitted  weekly. 

There  are  here,  of  course,  three  variables — 

(a)  The  successive  days  or  weeks. 

(b)  The  strength  of  the  regiment. 

(c)  The  number  of  sick. 

But  to  simplify  matters,  it  is  sufficient  to  take  the  first  and  last,  and  to 
leave  out  the  varying  strength,  unless  this  is  considerable. 

The  admissions  into  hospital  are  advantageously  considered  from  the 
point  of  view  of  age,  to  show  whether  the  younger  or  the  older  men  are 
suffering  most.  For  this  we  require  to  know  the  number  of  men  in  the 
i'egiment  at  every  age  :— 

18  to  20  years.  28  to  30  years. 

20  „  22      „  30  „  35      „ 

22  „  24      „  35  „  40      „ 

24  „  26      „  40  „  50      „ 

26  „  28      „ 

Then  reduce  to  a  comparable  standard. 

As  the  number  of  men  at  a  given  age  are  to  the  number  of  sick  at  that 
age,  so  is  1,000  for  example.  Supposing  that  between  the  ages  of  20  to  22 
there  are  163  healthy  men  furnishing  22  sick  in  one  week,  while  between 
the  ages  of  26  to  28  there  are  115  men  furnishing  7  sick,  then, 

^^xl'QQQ=134-9  per  1,000 
163 

rand  7x1,000^  60-8  per  1,000 ; 

115  ^       '       . 

therefore,  the  younger  men  are  more  than  twice  as  sickly  as  the  older  ones. 
2.  The   deaths  in  hospital   must  be  considered,   as  compared  with  the 

number  of   cases  treated.      In  a  given  time  we  have  to  state  how  many 

persons  have  been  treated,  how  many  have  died,  and  then  to  reduce  this 

to  a  comparable  standard.     To  get  the  number  of  persons  treated,  we  may 

adopt  several  ways. 

(a)  Take  half  of  the  cases  admitted  and  discharged.     Supposing  in  one 

week  40  cases  were  admitted  and  10  discharged,  then  40  +  10  =  50  -;-  2  =  25, 

the  average  number  treated. 

(&)  This  may  also  be  got  at  in  the  following  way.     Supposing  we  have  in 

hospital — 

30  Eemained call  that  R 

40  Admitted »        A 

60  Remaining „        L 

10  Died  or  discharged  .  ...  »        D 

T  T  2 
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Then  to  get  the  average  sick  treated  in  the  time,  add  half  the  remained^ 
to  the  admissions  and  deduct  half  the  remaining. 

A  + =  number  treated, 

2      2 

A  =  40+??  =  55-^^:=25. 

A  A 

Deduct  from  the  discharged  half  the  remained,  and  add  half  the  remain- 
ing. 

10-30  +  60 
2  2 
Then  reduce  the  mortality  to  a  comparable  standard.  Supposing  in  a. 
hospital  557  are  admitted  and  237  are  discharged  in  a  given  time,  say  63 
days,  then  557  +  237  =  794  -;-  2  =  397  cases  treated  in  the  time  in  which 
the  mortality  is  to  be  calculated.  Then  supposing  that  the  mortality  has 
been  15.    Beduce  this  to  a  percentage 

^^^^^  =  3-78  per  cent.,  or  37*8  per  1,000. 

To  make  this  still  more  intelligible,  let  us  reduce  it  to  a  uniform  time,, 
say,  as  given  above,  63  days  ;  then  if  the  mortality  continued,  let  us  see  what 
it  would  be  in  a  year. 

36^^^  =  218-1  per  1,000; 

DO 

that  is,  if,  instead  of  397  men  only,  1,000  had  been  in  hospital  constantly,. 
218*1  would  have  died  in  a  year  if  the  mortality  had  been  the  same  as  in  the 
63  days. 

Instead  of  the  cases  treated,  the  '  sick  population  '  maybe  taken  ;  that  is, 
the  number  of  patients  in  hospital  on  each  day  as  an  average. 

To  get  the  '  sick  population,'  add  the  numbers  put  down  as  remaining  on. 
each  day  or  on  each  week,  and  divide  by  the  number  of  days  or  weeks. 
This,  of  course,  gives  the  average  numbers  in  hospital  on  any  one  day. 

The  mortality  may  be  calculated  on  the  sick  population,  by  dividing  the 
deaths  by  the  sick  population  and  reducing  to  a  uniform  standard  of  time,, 
say  one  year. 

3.  The  next  point  is  to  determine  the  number  of  days  a  patient  is  in. 
hospital. 

{a)  Add  all  the  days  together  and  divide  by  the  cases  treated,  or 

(&)  Multiply  the  sick  population  by  the  number  of  days  over  which  the 
return  extends,  and  divide  by  the  cases  treated.  For  example — say  the 
sick  population  is  23,  number  of  days  7,  and  the  cases  treated  39,  then 
23x7  =  161-r-39  =  4-l. 

Each  patient  was  therefore  in  hospital  rather  over  four  days. 

If  in  any  individual  case  we  wish  to  know  the  number  of  days,  we  must,, 
of  course,  have  the  dates  of  admission  and  discharge  of  the  individual.  A 
rough  estimate  may  at  any  moment  be  made  by  remembering  that  if  in  the 
above  example  the  sick  population  and  the  cases  treated  had  been  equal, 
each  man  must  have  been  seven  days  in  hospital.  If  the  sick  population 
had  been  as  above,  23,  but  the  cases  treated  46,  each  man  would  have  been 
half  a  week  in  hospital,  or  3*5  days. 

The  returns  required  to  be  furnished  by  the  medical  officer  in  charge  of 
a  station  or  general  hospital  are  as  follows  : — 

1.  Daily  Beturns. — ^This  a  daily  state  of  the  numbers  admitted,  dis- 
charged, remaining  in  hospital,  or  died.     It  is  sent  to  the  officer  commanding 
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the  station  for  his  information.  A  return  of  the  men  admitted  and  dis- 
'Charged  is  also  forwarded  to  the  officer  commanding  each  corps. 

2.  WeeJcly  Beturns. — This  return  contains  the  details  for  seven  complete 
•days,  including  the  average  strength  by  corps,  the  admissions  to  and  dis- 
charges from  hospital,  the  numbers  remaining  in  hospital,  the  deaths, 
remarks  on  all  important  cases,  also  on  any  infectious  diseases,  and  on  the 
sanitary  condition  of  the  station.  All  deaths  occurring  during  the  period 
have  to  be  briefly  noted,  as  well  as  any  important  cases  under  treatment. 
This  return  is  furnished  by  all  hospitals  except  those  for  soldiers'  wives  and 
-children,  hospitals  on  board  ship,  and  hospitals  in  the  field. 

3.  Annual  Beturns. — This  return  is  completed  and  forwarded  by  each 
officer  who  is  in  medical  charge  of  a  hospital  on  December  31.  It  includes 
all  the  details  given  in  the  weekly  returns,  and,  in  addition,  the  average 
number  of  daily  sick,  the  average  sick  time  to  each  soldier,  and  the  average 
duration  of  each  case  of  sickness  is  given.    It  must  include  the  statistics  o 

.  all  the  sick  of  the  Regular  Forces  who  have  been  admitted  during  the  year. 
With  this  return  is  attached  a  report  in  manuscript  of  medical  transactions 
and  prevailing  diseases,  which  should  show  the  bearings  of  sanitary  arrange- 
ments thereon. 

An  annual  report  is  also  furnished  by  the  officer  in  charge  of  the  hospital 
for  soldiers'  wives  and  children. 

4.  Special  Beturns. — During  the  prevalence  of  epidemics,  special  weekly 
.returns  are  furnished. 

5.  Beturns  on  hoard  Ship. — The  statistics  of  the  following  classes  of  troops 
■  are  required : 

{a)  Troops  proceeding  on  service  abroad. 
(&)  Troops  returning  home  from  abroad. 

(c)  Troops  proceeding  from  one  station  to  another. 

[d]  Invalids  returning  home. 

6.  Beturn  of  Troops  on  Active  Service  in  the  Field. — These  include  {a) 
daily  state  of  sick  and  wounded,  (6)  special  return  of  officers  and  men  who 
.have  received  wounds  or  injuries  in  battle,  specifying  as  tersely  and  accurately 
as  possible  the  kind  of  wound  or  injury  and  the  degree  of  severity.  Weekly 
.returns  are  also  required  for  hospitals  in  the  field. 


Effects  op  Military  Service 

The  mortality  of  the  army  has  undergone  an  enormous  diminution  during 
later  years.  This  is  probably  due  in  some  measure  to  a  closer  selection  of 
the  men  enlisted,  to  the  lesser  difficulty  in  invaliding  under  the  short-service 
•system,  and  to  the  comparative  youth  of  the  army  taken  as  a  whole.  But 
.there  can  be  little  doubt  that  this  result  is  also  the  outcome  in  a  large 
measure  of  the  sanitary  improvements  which  have  of  late  years  been  intro- 
duced, and  which  have  lessened  the  death-rate  and  invaliding  both  at  home 
.and  abroad. 

The  following  table  shows  this  decrease. 


Mortality  per  1,000  in  the  United  Kingdom. 

From  aU  causes 

Mean  of  10  years  1861-70    .........  9-45 

„    „     1870-79 8-18 

„     1878-87 6-52 

Mean  of  2  years    1886-88 5-75 

1889 4-57 
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This  gross  mortality  must  now  be  compared  with  that  of  the  civil  popula- 
tion at  the  soldier's  age. 

In  England  the  gross  male  civil  mortality  at  the  soldier's  age  is — 

Mortality  per  1,000  of  population 
1871-80  1888 

From  20  to  25  years  of  age 7'32     .        .        ,5-4: 

„      25  to  35      „  „ 9-30     .        .        .7-2 

„      35  to  45     „  „ 13-74     .        .        .     11-7 

The  soldiers'  mortality,  taken  as  a  whole,  is  therefore  under  that  of  the- 
civil  population,  but  this  is  not  taking  into  account  the  invaliding  for  which 
some  addition  should  be  made. 

As  regards  the  influence  of  age  on  mortahty,  statistics  show  that  between 
the  ages  of  twenty  and  thirty-four  the  mortality  is  in  favour  of  the  soldier  ; 
after  thirty-five  years  the  proportion  is  reversed  and  the  ci^iHan  mortality  i& 
lower.  The  inference  which  must  be  drawn  is  that  military  life,  if  prolonged, 
has  an  injurious  effect — probably,  in  some  measure,  the  result  of  climate  and 
of  personal  habits  acquired  in  it. 

Causes  op  Moetality 

As  regards  the  causes  of  mortahty,  the  disease  which  is  most  fatal  is 
phthisis  ;  the  number  of  cases  invalided  during  the  year  1889  were  1*72  per 
1,000  and  the  mortality  during  the  same  year  1*12,  making  a  total  loss  by 
death  and  invahding  of  2-84  in  1889  against  3'13  in  1888  :  this  is  about  the 
same  as  in  the  whole  male  civil  population  at  the  soldier's  age,  but  must  be 
considered  excessive  when  we  remember  that  the  soldier  is  especially  selected 
and  undergoes  a  strict  examination  before  he  is  enhsted.  The  dimmution 
over  former  years  has  been  exceedingly  large,  and  there  is  still  evidence  of 
further  decrease,  so  that  we  may  reasonably  hope  for  still  further  improve- 
ment in  this  direction. 

Heart  disease  and  diseases  of  the  circulatory  system  come  next  in  order 
of  frequency.  The  mortahty  is  in  excess  of  that  of  the  civil  population. 
There  is  here  also  a  considerable  improvement  over  former  years,  due  to  the 
close  attention  given  to  the  dress  of  the  soldier,  and  to  the  careful  distribution 
of  the  weights  he  has  to  carry,  which  are  now  so  arranged  as  not  to  press 
unduly  on  the  chest  walls.  Excessive  smoking  has  also  been  assigned  as  a 
possible  cause,  as  well  as  the  excessive  use  of  alcohol.  The  real  cause  of 
the  '  soldier's  heart '  appears  to  be  due  to  sudden  and  violent  exertion,  under- 
taken by  lads  of  immature  growth  under  unfavourable  conditions  of  food  and 
clothing. 

The  next  most  fatal  forms  of  disease  are  those  referred  to  the  nervous 
system  ;  from  these  soldiers  do  not  appear  to  suffer  more  than  the  civil  popu- 
lation at  the  same  age  ;  this  class  includes  apoplexy,  meningitis,  paralysis, 
mania,  &c.,  and  accounts  for  about  6'6  per  cent,  of  the  total  deaths. 

Acute  diseases  of  the  lungs  come  next  in  order.  It  is  extremely  difficult 
to  say  whether  in  mihtary  life  these  are  more  common  than  among  the  civil 
population,  but  from  the  crude  information  we  possess,  the  mortality  appears 
to  be  less  than  in  civil  life. 

The  next  group  are  the  continued  fevers.  Practically  the  mortality  from 
these  is  nearly  all  due  to  enteric  fever.  There  has  been  a  general  decline 
during  recent  years,  as  a  rule,  the  exception  being  1885-86,  when  the 
disease  occurred  among  the  troops  who  had  recently  returned  from  Egypt. 
Enteric  fever  was  also  prevalent  in  Dublin  during  these  years  :  the  mortahty 
was  0-24  per  1,000  in  1889  against  0-33  in  1888,  and  0*27  in  1887.  This 
mortahty  is  less  than  that  of  the  civil  population. 
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Other  diseases,  such  as  diphtheria,  scarlet  fever,  diabetes,  &c.,  account  for 
nearly  23  per  cent,  of  the  total  deaths  which  take  place  yearly. 

Although  there  has  been  great  improvement  in  the  health  of  the  army 
during  recent  years,  still  much  remains  to  be  done.  Tubercular  diseases, 
those  of  the  circulatory  system,  and  '  fevers,'  all  more  or  less  preventable, 
are  still  excessive  in  the  mortality  returns. 

Loss  OF  Strength  from  Invaliding 

In  1889  the  mvaliding  at  home  was  15-89  per  1,000,  and  the  deaths  4-57, 
together  20-46  ;  for  the  whole  Army  14-45  and  9-17,  total  loss  23-62  per  1,000. 

In  the  ten  years  1879-88,  the  invaliding  at  home  was  20-57,  and  the 
deaths  6*40,  together  26-97  per  1,000;  for  the  whole  Army  18-06  and  11-32, 
total  loss  29-88  per  1,000.  During  the  seven  years  1860-67  there  were 
invalided  37  per  1,000,  and  a  total  loss  by  death  and  invahding  from  disease 
of  nearly  46  per  1,000.  Thus  the  loss  by  invaliding  has  been  reduced  more 
than  one-half  compared  to  what  it  was  in  former  years.  The  chief  reason 
for  this  reduction  is  the  system  of  short  service.  Phthisis  and  respiratory 
diseases,  in  round  numbers,  account  for  about  one-sixth,  circulatory  diseases 
for  about  one-fifth,  and  nervous  diseases  for  about  one-eighth  of  the 
invahding. 

Loss  OF  Service  from  Sickness 

On  an  average,  1,000  soldiers  furnish  from  800  to  1,000  hospital  admis- 
sions :  the  ten  years  1879-88  gave  839  ;  1889,  730-4. 

The  Cavalry  of  the  Line  and  the  ArtiUery  furnish  the  largest  number, 
whilst  the  Household  Cavalry  and  Engineers  give  the  least  number ;  in  the 
latter,  many  of  the  men  are  married,  and  when  admitted  to  hospital  are 
deprived  of  their  working  pay,  so  they  seldom  seek  admission  until  compelled 
to  do  so.  The  Cavalry  of  the  Line  and  Artillery  are  also  subject  to  accidents 
incidental  to  the  nature  of  their  work. 

A  very  large  number  of  admissions  is  the  result  of  venereal  disease,  of 
which  there  is  no  immediate  prospect  of  any  considerable  decrease.  It  is  not 
possible  to  compare  the  loss  occasioned  by  sickness  with  that  occurring  in 
other  armies,  as  the  conditions  of  service  are  not  the  same. 

Prevention  of  Disease 

The  prevention  of  disease  is  the  great  aim  of  the  military  surgeon.  To 
carry  out  this,  he  receives  special  instruction  in  the  general  principles  of 
sanitary  science,  more  particularly  as  applied  to  large  bodies  of  individuals 
living  under  varied  conditions  in  different  climates. 

The  best  means  to  bring  about  the  best  results  is  by  attention  to  what 
may  be  called  personal  hygiene,  that  is,  to  bring  the  body  into  the  highest 
possible  state  of  physical  development,  so  that  there  may  be  the  initial  strength 
in  the  individual  to  resist  those  inroads  of  disease  a  less  vigorous  constitution 
would  probably  succumb  to,  as  well  as  to  allow  of  the  elimination  of  the 
poison ;  and  by  a  knowledge  of  the  way  epidemics  spread,  by  tracing  their 
rise  and  progress,  and  by  investigating  into  their  origin,  we  may  be  able,  as 
far  as  possible,  to  remove  those  causes  which  appear  to  influence  or  favour 
their  diffusion.  As  the  entity  of  each  specific  disease  is  each  year  becoming 
more  established,  the  means  of  prevention  are  more  within  our  reach  and  are 
better  understood. 

Hitherto,  in  the  majority  of  instances,  we  have  had  nothing  but  broad 
facts  to  guide  us,  and  our  knowledge  of  necessity  was  most  imperfect ;  but 
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even  so,  the  results  have  not  been  unsatisfactory,  mcomplete  though  they  are, 
and  justify  us  to  continue  in  our  endeavours  to  remove  the  causes  which  appear 
most  hkely  to  produce  disease  ;  as  our  knowledge  increases,  errors  will  be 
recognised  and  guarded  against. 

It  is  here  intended  to  state  as  briefly  as  possible  the  rules  which  should 
guide  us  in  dealing  with  this  question  in  military  service  :  outside  these  Umits 
would  involve  a  discussion  on  very  many  complicated  questions  which  are 
more  conveniently  treated  in  another  section. 

The  Specific  Diseases 

Cholera. — Until  R.  Koch  in  1884  discovered  the  comma  bacillus  in  the 
intestinal  mucous  membrane  of  cholera  patients,  the  parasitic  theory  did  not 
meet  with  general  acceptance  :  it  is  now  universally  acknowledged  that  a 
causal  connection  does  exist  between  the  organisms  discovered  by  him  and 
this  specific  disease. 

In  the  prevention  of  cholera  the  one  fact  to  bear  in  mind  is,  that  it  is 
spread  by  human  intercourse. 

The  history  of  epidemics  of  this  disease  in  Europe  and  India  are  full  of 
examples  they  never  travel  faster  than  man  can  travel.  Hirsch  states 
'  that  it  is  human  intercourse  which  furnishes  the  media  of  this  communica- 
tion, is  proved  on  a  large  scale  by  observations  on  the  diffusion  of  this  disease, 
by  pilgrimages  and  miUtary  campaigns,  both  iu  India  and  beyond  it ;  whilst 
there  are  other  conclusive  proofs  furnished  in  innumerable  instances  from  the 
smaller  circles  of  diffusion.'  ^ 

The  Vienna  Congress  in  1884  decided  that  there  were  no  facts  to  show 
that  atmospheric  causes  could  bring  on  cholera.  On  the  contrary,  they  stated 
that  '  all  facts  go  to  show  that  in  free  air  the  generative  principle  of  cholera 
rapidly  loses  its  morbific  character.' 

The  localisation  of  cholera  is  a  marked  feature  in  its  history,  and  fully 
bears  out  the  conclusions  arrived  at  by  the  Vienna  Congress.  It  will  seize 
on  one  side  of  a  street,  leaving  the  other  side  free  ;  or  attack  one  side  of  a 
barrack,  or  camp,  thus  furnishing  the  strongest  evidence  against  its  being 
air-borne  ;  no  well-estabUshed  instance  of  the  diffusion  of  this  disease  by 
atmospheric  influences  has  ever  been  recorded,  while  we  have  numberless 
instances  where  it  has  followed  in  the  track  of  human  intercourse. 

These  two  conditions  once  acknowledged,  that  cholera  is  a  specific  disease 
and  that  it  is  spread  by  man's  agency,  we  shall  have  little  difiiculty  in  fram- 
ing the  lines  on  which  preventive  action  should  be  based :  briefly,  these  are 
to  isolate  the  poison,  and  to  keep  men  in  the  highest  possible  state  of  health, 
so  as  to  fortify  them  against  an  attack. 

With  reference  to  soil  as  a  factor  in  cholera  epidemics,  we  have  to  note 
that  the  disease  has  attained  its  widest  diffusion  on  permeable  damp  soils  and 
rocks  capable  of  receiving  and  retaining  moisture.  The  influence  of  the  soil 
per  se  is  very  shght ;  the  disease  appears  to  depend  most  on  the  physical 
condition  of  the  soil  itself,  and  especially  with  reference  to  its  permeabihty  to 
water  and  air  ;  and  such  soil,  resting  on  a  rocky  bottom,  wherever  the  latter 
has  disintegrated  by  the  weather,  or  broken  up  or  covered  by  detritus,  appears 
to  favour  the  diffusion  of  cholera.  Such  knowledge  teaches  us  to  select  dry 
sites  for  camps  or  barracks. 

In  selecting  men  for  a  campaign  in  India,  there  are  certain  individual 
predispositions  which  it  is  well  to  note.  A  certain  immunity  seems  to  exist 
among  the  old  soldiers  compared  with  new  arrivals  in  India.     Bryden  has 

'  Geographical  and  Historical  Pathology,  New  Sydenham  Society,  18-83. 
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shown  how  much  more  susceptible  newly-arrived  troops  are,  if  cholera  breaks 
out,  and  the  risk  there  is  in  employing  such  troops  on  service. 
The  following  table  is  given  by  Bryden  : — 


- 

Lucknow 
1864 

Lucknow 
1869 

Benares 
1865 

Meerut 
1869 

Mortality  of  new  troops  from  cholera 

old            „           „            ... 

27 
11 

42 
11 

9 

105 
6 

As  regards  race,  there  is  almost  complete  unanimity  that  the  negro  race 
is  especially  prone  to  cholera. 

Dr.  Christie  shows  that  on  the  East  Coast  of  Africa  the  mortality  amounted 
to  6*5  per  cent,  of  the  population  among  the  Hindoo  coolies,  10  per  cent. 
.  among  the  Arabs,  but  25  per  cent,  among  the  Negroes.  In  the  United  States 
Army  the  epidemic  of  1866  gave  a  mortality  of  7*7  per  cent,  among  the  white 
troops,  and  135  among  the  black.  This  Mability  to  cholera  by  the  negro  race 
shows  that  they  should  not  be  employed  in  campaigns  where  there  is  any 
likelihood  of  this  disease  occurring. 

In  India,  Europeans  suffer  much  more  severely  than  natives.  Although 
European  troops  are  more  liable  to  attacks  than  native  troops,  the  mortality 
related  to  the  sickness  is  slightly  greater  among  natives  than  Europeans 
(Hirsch).  Bryden's  observations,  however,  do  not  confirm  this  view,  but  show 
.that  European  troops  give  a  larger  mortaUty  than  native.  Bryden  has  also 
pointed  out  that  among  natives  of  Hindoostan  there  is  a  certain  immunity 
.among  the  dwellers  in  the  plains  as  compared  with  hill-men.  This  should 
be  recognised  in  selecting  men  for  a  campaign  in  any  countries  where  there 
is  liability  to  cholera. 

Nothing  predisposes  more  to  the  propagation  of  disease  in  the  tropics  than 
density  of  population.  There  should  be  no  overcrowding,  and  whether  in 
camp  or  barracks  there  should  be  free  perflation  of  air.  The  men  should  be 
•spread  out  as  far  as  possible,  and  too  many  should  not  be  placed  in  one  tent 
or  room. 

In  India,  cholera  attacks  men  less  frequently  in  the  hills  than  in  the  plains, 
although  high  elevations  afford  no  security  against  this  disease.  The  physical 
condition  of  men  serving  in  the  hills  is  better,  and  they  are  more  able  to 
withstand  sudden  outbreaks  of  epidemic  disease  on  this  account.  The  ground 
is  also  drier,  there  is  less  moisture,  and  seldom  any  subsoil  water  near  the 
surface. 

In  tropical  countries  all  sickness,  as  a  rule,  decreases  with  elevation,  and 
for  this  reason  sites  for  camps  should  be  on  elevated  ground  where  military 
arrangements  admit. 

There  is  abundant  evidence  to  prove  that  cholera  epidemics  are  due  in 
many  instances  to  the  use  of  impure  water.  Dr.  Simpson,'  the  Medical  Officer 
of  Health  for  Calcutta,  in  his  sanitary  reports  on  that  city,  shows  that  any 
increase  of  this  disease  in  certain  districts  can  be  almost  invariably  traced  to 
the  scarcity  of  wholesome  water,  necessitating  the  use  of  an  impure  supply 
from  tanks  and  wells. 

The  introduction  of  the  public  water-supply  into  Fort  William,  Calcutta, 
has  effectually  stopped  outbreaks  occurring  there,  which  formerly  were  of 
frequent  occurrence. 

In  India  all  wells  in  close  proximity  to  native  villages  should,  during  the 
prevalence  of  cholera,  be  looked  upon  with  suspicion,  and  water  taken  from 
.them  should  be  boiled  before  being  used  for  drinking  purposes. 
*  Report  on  Sanitary  Measures  in  India,  1887-88,  p.  147. 
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Streams  and  rivers  should  likewise  be  avoided  unless  their  source  is 
known,  and  in  any  case  the  water  should  be  subjected  to  some  process  of 
filtration  or  boiled  before  being  used. 

Another  factor  in  the  dissemination  of  cholera  appears  to  be  a  con- 
taminated milk  supply.  The  sanitary  condition  of  cowsheds  should  be 
attended  to,  and  a  plentiful  supply  of  pure  water  insisted  on. 

No  spirit  ration  should  be  issued  during  cholera  epidemics  :  the  disease  is 
most  prone  to  first  attack  the  intemperate  men  in  a  regiment.  It  would  ap- 
pear also  that  by  destroying  the  natural  acidity  of  the  stomach  it  favours  the 
passage  of  the  cholera  germ. 

Professor  Matthew  Hay  has  pointed  out  that  the  reaction  of  the  secretion 
in  the  stomach  in  cats  is  alkaline,  and  that  the  injection  of  water  or  neutral 
saline  solutions  does  not  excite  an  acid  secretion.  The  same  is  also  the  case 
in  man.  It  is  known  from  Koch's  researches  that  the  comma  spirillum 
flourishes  in  alkaline  but  dies  in  acid  media.  It  is  also  admitted  that  some- 
thing more  than  a  casual  connection  exists  between  the  spirillum  and  the 
disease,  and  therefore  it  is  evident  that  swallowing  water  on  an  empty  stomach 
would  be  a  dangerous  proceeding  if  the  water  were  polluted  ;  also,  that  after 
fasting  or  in  the  early  hours  of  the  morning  before  breakfast,  the  stomach  is 
in  such  a  condition  as  to  afford  a  suitable  resting-place  for,  or  to  allow  the 
passage  through  of  the  sinrillum. 

If  gastric  disturbances  are  prevalent,  as  shown  by  men  suffering  from 
diarrhoea  or  dysenteric  attacks,  the  danger  from  the  introduction  of  cholera  is 
greatly  increased.  Unripe  fruit  or  any  excess  of  fruit  should  be  avoided,  and 
while  ample  food  is  provided,  this  should  be  of  the  best  kind  and  able  to  be 
easily  digested.     There  should,  however,  be  no  excess. 

The  possibility  of  the  conveyance  of  the  poison  by  insect  life  (flies)  should 
not  be  overlooked ;  the  number  and  kind  vary  according  to  the  place  and 
season ;  special  provision  should  be  made  to  obviate  this  source  of  danger. 
The  inspection  of  all  food  supplies  requires  the  greatest  attention,  as  the  more 
cleanly  the  mode  of  its  preparation  and  the  more  carefully  water,  milk,  and  food 
supplies  generally  are  guarded  against  cholera  contamination,  the  fewer  will 
be  the  dangers  of  infection  therefrom. 

No  duty  should  be  done  until  the  men  have  had  an  early  breakfast ;  the 
stomach  secretions  are  alkaline,  and  are  therefore  ready  to  receive  the  germ  : 
men  on  sentry  duty  should  not  be  permitted  to  fast  too  long,  for  the  same 
reason,  but  have  coffee  or  cocoa  served  out  to  them  at  stated  hours.  If  native 
cooks  are  employed  in  barracks,  the  strictest  supervision  will  have  to  be 
exercised  over  all  food  supplies  and  cooking  arrangements. 

All  evidence  shows  that  over-fatigue  predisposes  to  cholera,  therefore 
long  and  fatiguing  marches  should  be  avoided  ;  fatigue  is  perhaps  the  only 
internal  cause  which  is  well  established,  and  seems  to  produce  a  condition 
which  favours  an  attack  ;  in  cholera  times  marches  should  be  so  arranged 
that  the  men  have  regular  halts,  and  are  not  constantly  fatigued. 

When  cholera  appears  in  cantonments  in  India,  the  rule  is  that  on  a  case 
occurring  in  any  building  occupied  by  European  troops,  such  building  should 
be  immediately  vacated,  and  the  affected  individuals  isolated  as  far  as  possible 
from  those  among  whom  there  have  been  no  cases  of  the  disease.  If  a  second 
case  occur  among  the  body  of  men  thus  removed,  they  are  again  moved.  If 
a  third  case  occur  among  this  particular  body  of  men  within  a  week,  they 
are  immediately  transferred  from  the  station  to  a  selected  camp.  If  cases 
occur  in  several  barracks  simultaneously,  all  must  be  moved  into  camp.  The 
Regulations  order  that  such  buildings  are  to  be  vacated  as  have  actually 
presented  cases. 
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If  the  disease  breaks  out  in  the  preparatory  camp,  the  site  must  be 
changed.  As  a  rule,  cholera  in  camp  is  not  confined  to  one  part,  and  the  safer 
plan  is  to  move  the  whole  camp,  if  any  cases  occur.  The  golden  rule  to  observe 
during  cholera  epidemics  is,  to  move  away  as  quickly  as  possible  from  the  in- 
fected area  :  often  a  very  short  distance  will  suffice  for  this,  but  as  long  as 
cases  occur,  so  long  is  it  necessary  to  change  the  site.  All  marches  should  be 
made  in  the  early  morning,  when  the  men  are  fresh,  and  when  the  liabiUty  to 
chill  is  at  a  minimum. 

It  has  been  recommended  not  to  place  men  in  tents  or  move  into  camp 
during  the  rainy  season  :  but  so  great  are  the  advantages  gained  by  leaving 
an  infected  area,  that  the  rule  should  be  to  march  under  any  circumstances,, 
if  this  can  be  done. 

If  on  active  service  cholera  makes  its  appearance  in  the  camps,  military 
reasons  may  not  admit  of  a  change  of  site  ;  under  these  circumstances  the 
sick  should  be  segregated  to  one  part  of  the  camp,  to  leeward  if  possible,  and 
strict  quarantine  enforced  :  no  communication  should  be  permitted,  and  if  it 
can  be  done,  a  new  source  of  water-supply  should  be  obtained.  The  men  should 
avoid  damp  in  every  direction — damp  tents,  damp  clothes,  &c. — and  woollen 
clothing  should  be  worn  next  the  skin,  the  great  object  being  to  avoid  chill,  as 
in  tropical  countries  the  abdominal  region  is  very  liable  to  be  attacked  by  cold. 

Dr.  Tuson  has  advocated  the  use  of  burning  sulphur  to  destroy  the  con- 
tagium  of  cholera  ;  he  recommends  sulphur  fires  to  be  lighted  fifty  yards  apart: 
round  the  camp,  and  to  be  kept  lit  during  the  prevalence  of  the  disease  ;  the 
fires  to  be  placed  especially  to  windward  of  the  camp.  As  it  is  extremely 
improbable  that  the  air  conveys  the  infectious  material  at  all,  and  almost 
certain  that  it  never  takes  it  long  distances,  it  is  doubtful  whether  this  method 
has  any  practical  advantage. 

All  measures  of  prevention  should  be  based  on  the  fact  that  the  active 
cause  of  the  disease  is  a  germ  attacking  men  by  way  of  the  intestinal  canal ; 
that  the  active  cause  of  the  disease  is  contained  in  the  evacuations,  and  that 
when  this  reaches  the  intestines  of  another  susceptible  person  by  the  agency 
of  water,  milk,  food,  &c.,  the  disease  is  transmitted. 

The  tendency  to  infection  varies  in  different  individuals,  and  never  appears, 
to  be  very  large  ;  disordered  digestion  appears  certainly  to  increase  the  sus- 
ceptibility of  a  person  to  be  attacked  by  cholera. 

The  materies  viorbi  of  cholera  being  present  in  the  stools,  and  as  they 
are  the  most  important,  if  not  the  only  poison-bearers,  the  disinfection  of 
them  is  of  the  highest  importance.  The  most  powerful  disinfectant  is  per- 
chloride  of  mercury .  It  should  be  acidulated.  The  following  formula  is  recom- 
mended by  Dr.  Parsons  : — Mercuric  chloride,^  oz. ;  hydrochloric  acid,  1  oz. ; 
aniline  blue,  5  grains  ;  water,  three  gallons.  The  discharges  should  remain 
in  contact  with  the  disinfectant  for  fifteen  or  twenty  minutes.  In  camps  the 
stools  after  thorough  disinfection  should  be  deeply  buried  at  a  place  far  removed 
from  any  water-supply.  De  Chaumont  recommended  that  the  stools  should  be 
mixed  with  sawdust  and  burnt,  and  this  latter  plan,  which  is  by  far  the  safest, 
is  now  capable  of  being  put  into  use  by  means  of  the  '  Fsecal  Cremator,'  which 
ensures  the  total  destruction  by  fire  of  faecal  matters  and  other  hospital  refuse. 

The  Eome  Conference  recommended  solutions  of  carbolic  acid  and  chlori- 
nated lime  (5  per  cent,  of  carbolic  acid  and  4  per  cent,  of  chlorinated  lime)  to 
be  mixed  in  equal  proportions  with  the  dejecta  and  vomit,  and  subsequently 
buried.  Carbolic  acid  has  one  advantage :  it  readily  imparts  a  most  dis- 
agreeable taste  and  smell  to  water,  even  when  present  in  a  minute  quantity,, 
and  thus  indicates  if  any  water-supply  is  contaminated  by  the  soakage  from 
cesspools  or  privies.    In  eases  in  which  there  is  no  other  means  of  disposal,, 
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it  may  be  permissible  for  cholera  discbarges,  if  very  thoroughly  disinfected,  to 
pass  into  rivers ;  but  this  is  a  contingency  which  should  very  rarely  arise  and 
not  be  permitted  except  under  circumstances  of  very  great  necessity ;  in  no 
case  should  this  be  allowed  when  the  stream  is  a  possible  source  of  water- 
supply  for  drinking  purposes.  In  the  cholera  epidemic  of  1865-66  in 
England,  in  towns  with  well-constructed  sewers,  cholera  never  attained  any 
large  dimensions,  neither  was  there  any  evidence  to  show  that  the  system 
adopted  of  allowing  the  disinfected  excreta  to  enter  the  sewers  in  any  way 
contributed  to  its  spread. 

All  articles  of  clothing,  blankets,  &c.,  which  have  been  fouled  by  the  patient, 
or  used  by  him  when  suffering  from  the  disease,  should  be  burnt.  The  bed- 
ding, which  is  usually  of  straw,  should  also  be  burnt.  Such  clothes,  &c.,  as 
■cannot  be  so  disposed  of  should  be  soaked  in  a  solution  of  mercuric  chloride 
(1  in  1,000)  and  if  possible  disinfected  by  moist  heat,  and  subsequently  dried 
in  the  open  air.  If  no  disinfecting  chamber  is  available,  boiling  from  three  to 
four  hours  is  the  next  most  effectual  plan. 

Tents  in  which  cholera  cases  are  treated  should  be  disinfected  also.  The 
best  plan  is  to  soak  the  tent  in  a  solution  of  mercuric  chloride  (1  in  1,000), 
and  subsequently  let  it  be  exposed  to  sun  and  air  until  quite  dry :  this  is  a 
safer  plan  than  merely  submitting  it  to  fumigation  by  one  or  other  of  the 
ordinary  methods  generally  adopted.  Whatever  process  is  adopted  the  tent 
should  not  be  again  occupied  for  ten  days,  during  which  time  it  should  re- 
main fully  exposed  to  the  air. 

The  bodies  of  those  who  have  died  from  this  disease  should  be  cremated 
if  possible  ;  but  the  means  are  not  always  available  for  doing  this,  neither  has 
'Custom  altogether  sanctioned  this  method  of  disposal  of  the  dead.  If  ordi- 
nary burial  is  resorted  to,  chlorinated  lime  or  good  quickhme  should  be  freely 
used,  and  deep  burial  in  all  cases  insisted  on. 

It  cannot  be  too  forcibly  stated  that  the  spread  of  cholera  after  its  intro- 
duction into  a  place  is  universally  associated  with  contaminated  water,  filthy 
habits,  and  bad  personal  and  domestic  hygiene. 

Enteric  Fever. — Enteric  fever,  both  as  regards  its  frequency  and  diffu- 
sion, marks  widely  its  difference  to  all  other  forms  of  disease  ;  it  knows  no 
.geographical  limits,  and  its  very  universahty  makes  it  one  of  peculiar  interest 
to  military  surgeons. 

The  infective  agents  in  enteric  fever  are  present  in  the  intestinal  dejecta 
of  patients  :  whether  these  infective  agents  are  in  the  form  of  a  bacillus  or  a 
micrococcus  is  still  open  to  doubt ;  but  the  whole  epidemiological  history  of 
■enteric  fever  indicates  that  the  infective  virus  is  a  microbe  of  some  kind,  and, 
moreover,  one  which  can  thrive  in  soil,  water,  sewage,  &c.,  and  is,  too, 
possessed  of  considerable  resisting  power  against  cold,  drying,  and  putrefactive 
processes  generally. 

Hence  it  has  rightly  become  an  accepted  fact  that  the  disease  may  be 
spread  by  infected  linen  or  bedding,  even  after  the  lapse  of  some  time. 

The  micro-organism  commonly  associated  with  the  propagation  of  this 
•disease  is  a  bacillus  first  discovered  by  Eberth  and  subsequently  confirmed 
"by  Gaffky  as  existing  in  the  contents  of  ulcerated  Peyer's  glands,  in  the 
mesenteric  glands  and  spleen  of  the  typhoid  sick.  These  bacilli  have  never 
been  satisfactorily  demonstrated  outside  the  body,  although  some  observers 
state  that  they  have  found  them  in  drinking-water.  More  recent  investiga- 
tions are  tending  to  raise  doubts  whether  the  Eberth- Gaffky  bacillus  is  the 
only  or  real  cause  of  enteric  fever :  the  matter  is,  however,  one  of  much 
difficulty,  and  at  present  by  no  means  finally  settled. 

The  two  chief  predisposing  causes  in  tropical  enteric  fever  are  age  and 
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recent  arrivals  within  the  tropics.  The  increased  predisposition  at  an  early 
age  is  now  universally  admitted  as  a  character  of  the  disease.  Murchison 
shows  that  the  mean  age  of  1,772  cases  admitted  into  the  London  Fever 
Hospital  during  ten  years  was  21-25  years.  Dr.  Collie  ^  gives  the  statistics  of 
3,523  cases  of  enteric  fever  admitted  into  the  three  fever  hospitals  under  the 
Metropolitan  Asylums'  Board  as  follows  : — 

Percentage  of  enteric  fever 
22-60 
25-00 


10-14 
15-19 
20-24 
25-29 


26-80 
9-75 


The  same  rule  holds  good  in  the  tropics.  Youth  in  every  climate  pre- 
disposes to  enteric  fever,  no  doubt  because  the  glands  of  Peyer  are  in  their 
full  functional  activity.  The  relationship  between  enteric  fever  and  age 
among  European  troops  serving  in  India  is  exhibited  by  the  following 
table : — 

Table  showing  the  Death  Batios  of  the  European  Army  from  Enteric  Fever  at  different 

Ages. 


Under  25 

25  to  29 

30  to  34 

1879-88 

1888       .... 

5-36 
5-46 

2-27 
2-36 

0-84 
0-84 

As  with  age,  so  with  length  of  service  in  the  tropics.  With  length  of 

service  there  is  diminished  liability.     Taking  the  Indian  return  again  as 

affording  the  most  trustworthy  information,  we  find  this  connection  fully 
borne  out  by  the  following  table  : — 

Table  showing  the  Death  Batios  of  the  European  Army  at  different  Periods  of  Residence 

in  India. 


1st  and  2nd  years 

3rd  to  6th  year 

7th  to  lC»th  year 

1879-88 

1888       .... 

6-54 
6-39 

2-14 
2-77 

0-70 
1-08 

A  comparison  of  these  tables  shows  that  shortness  of  Indian  service  is 
even  more  powerful  than  youth  as  a  predisposing  cause  of  enteric  fever. 

As  regards  Season,  it  is  noteworthy  of  remark  that  in  the  tropics  and 
sub-tropics  it  is  chiefly  the  hot  months  that  form  the  enteric  period.  This 
is  seen  from  the  following  table  : — 

Table  showing  the  Number  of  Admissions  frmn  Enteric  Fever  in  each  of  the  Four  Quarters  • 

of  the  Year  1889. 


Total  admission 

1st  quarter 

2nd  quarter 

3rd  quarter 

4th  quarter 

Bengal 
Madras     . 
Bombay    . 

1,100 
221 
257 

178 
12 
33 

499 
28 
35 

235 
146 
166 

188 
35 
23 

Elevation  appears  to  have  no  influence  on  the  occurrence  of  the  disease.. 
This  applies  not  only  to  the  temperate  zone  but  also  to  the  tropics. 

The  relation  between  enteric  fever  and  the  physical  characters  of  the  soil 
is  important,  especially  in  tropical  countries. 

The  fate  of  the  Eberth-Gaffky  bacillus  in  soil  is  early  extinction,  particu- 
larly in  the  presence  of  extreme  moisture  and  great  dryness.    The  formation  of 

•  British  Medical  Journal,  April  1885. 
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spores  by  this  bacillus  has  been  questioned,  though  Eberth,  Gaffky,and  others 
maintain  that  it  is  easily  capable  of  forming  true  spores.  Unless  it  be  capable 
of  forming  spores,  and  thereby  be  able  to  survive  antagonistic  conditions,  it 
is  difficult  to  reconcile  the  connection  of  this  particular  bacillus  with  enteric 
fever  outbreaks.  We  are  unable  to  absolutely  affirm  that  the  soil  serves  as 
a  breeding-place  for  the  entire  virus ;  but  presuming  that  it  can  assume  a 
spore  formation,  we  are  justified  in  considering  that  the  soil  can  serve  as  a 
habitat  for  spores  or  such  resting  forms  as  may  reach  it  either  directly  from 
the  sick,  or  indirectly  as  the  result  of  processes  undergone  by  typhoid  dejecta 
deposited  or  buried  in  it.  The  practical  bearing  of  these  considerations  is  to 
lend  some  confirmation  or  explanation  of  the  local  and  seasonal  differences 
in  the  distribution  of  typhoid  fever,  the  dominant  factors  being  a  certain 
'degree  of  soil-heat  and  level  of  soil- water. 

Enteric  fever  in  India  prevails  in  its  most  virulent  form  chiefly  in  the 
months  of  April,  May,  and  June.  In  these  months  the  upper  layers  of  the  soil 
are  at  their  driest,  and  have  a  mean  temperature  throughout  the  twenty-four 
hours  of  72°  F.  As  this  superficial  soil  becomes  moist  consequent  on  either 
rain  or  other  causes,  or  when  its  mean  daily  temperature  falls  below  60°  F., 
then  the  disease  abates. 

The  maximum  range  of  soil  temperature  co-existent  with  disease  pre- 
valence is  undetermined,  but  it  is  probably  very  high.  High  levels  of  subsoil 
water  are  co-existent  with  the  moistness  of  the  upper  soil  layer  and  consequent 
■mechanical  fixation,  if  not  actual  destruction,  of  the  contagium  vivum  of 
typhoid  fever,  as  the  result  of  decomposition  or  of  saprophytic  action.  This 
agrees  with  a  minimum  prevalence  of  disease  at  times  of  considerable  rise  in 
the  soil- water. 

The  condition  of  loose  or  porous  soil  after  a  fall  in  the  soil- water  and 
consequent  access  of  air  to  the  soil  interspaces,  to  say  nothing  of  increased 
heat,  establishes  facilities  for  the  virus  (now  become  potent,  whether  as  spores 
or  not)  to  be  carried  into  the  atmosphere  with  the  upper  layer  of  soil,  either 
as  dust  or  with  ascending  air  currents. 

Without  going  so  far  as  to  say  that  any  fluctuations  of  the  subsoil  water 
have  no  effect  as  mechanical  agents  for  the  introduction  into  wells  of  the 
typhoid  spores  or  virus  which  may  happen  to  be  lodged  in  the  soil,  yet,  in 
the  light  of  what  we  know  to  be  the  behaviour  of  the  Eberth-Gaffky  bacilli 
in  soil  and  the  general  limitations  of  microbian  life  to  the  upper  layers  of  the 
soil,  and  the  remarkable  filtering  influence  of  soil  on  the  passage  of  bacteria 
through  its  interstices,  one  is  forced  to  think  this  contingency  is  rare.  If 
enteric  dejecta  do  gain  access  to  drinking-water  and  wells  from  the  soil,  it  is 
more  probably  by  surface  than  by  deep  drainage. 

Of  course,  outbreaks  of  this  disease  occur  in  places  through  various  other 
circumstances,  but  they  do  not  vitiate  the  value  or  importance  of  these  con- 
clusions regarding  soil  heat,  soil  dryness,  and  soil  moisture. 

From  this  brief  summary  we  can  fairly  well  indicate  the  nature  of  the 
preventive  measures  for  enteric  fever  in  tropical  and  sub-tropical  countries. 
The  age  of  men  serving  in  the  tropics,  and  especially  in  India,  should  be 
increased.  At  present  recruits  are  sent  to  India  just  at  the  age  when  they 
are  most  predisposed  to  enteric  fever.  Owing  to  the  short-service  system 
of  enlistment  there  is  some  difficulty  in  doing  otherwise,  but  something 
will  have  to  be  done,  for  it  is  impossible  to  conceive  that  the  State  will 
stand  the  waste  of  hfe  entailed  under  the  present  system. 

The  immunity  acquired  by  residence  is  an  important  factor  in  the 
etiology  of  this  disease.  The  fact  is  well  established  that  in  India,  with 
lengthened  service  there,  the  liability  to  become  affected  by  enteric  fever 
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rapidly  diminishes.  This  immunity,  acquired  through  acclimatisation,  is 
unquestionably  much  more  perfect  in  tropical  and  sub-tropical  regions  than 
in  higher  latitudes  (Hirsch).  Men,  therefore,  should  be  allowed  to  remain 
in  the  tropics,  and  not  constantly  changed  only  to  be  replaced  by  others  who 
are  more  susceptible.  With  these  facts  before  us,  it  can  hardly  be  said  that 
the  present  system  of  short-service  enlistment  for  the  European  Army  in 
India  is  one  to  be  commended  ;  and  it  is  a  question  whether  it  should  not 
be  replaced  by  some  system  better  adapted  to  the  requirements  and  wants  of 
that  country.  From  a  sanitary  point  of  view,  what  is  needed  is  an  older  army, 
composed  of  seasoned  troops,  who  will  remain  some  years  in  the  country  and 
acquire  that  protection  which  only  residence  in  a  tropical  climate  can  give. 

The  site  of  any  camp  in  the  tropics  should  be  as  high  as  possible,  and  the 
ground  dry.  The  subsoil- water  should  not  be  near  the  surface,  as  moisture 
favours  the  development  of  the  enteric  bacilli.  If  enteric  fever  breaks  out  in 
the  camp,  the  site  should  be  changed  at  once.  Nothing  appears  to  favour  the 
spread  of  this  disease  more  than  occupying  the  same  ground  for  a  lengthened 
period.  Dry  sandy  soils  are  particularly  favourable  for  the  spread  of  enteric 
fever  when  it  has  once  been  introduced,  as  the  dry  sand  possesses  little  dis- 
infecting properties.  On  such  sites  all  excreta  should  be  carefully  disinfected, 
and  the  trenches  used  by  the  men  should  be  deep  and  narrow. 

There  are  few  points  in  the  etiology  of  typhoid  fever  so  certainly  proved 
as  the  conveyance  of  disease  by  infected  water,  or  by  food  contaminated  with 
infected  water.  In  this  latter  class  milk  has  generally  served  as  the  carrier 
■of  the  enteric  poison.  Many  examples  in  the  histories  of  campaigns  could 
be  given  to  show  the  part  played  by  water  in  disseminating  this  disease, 
but  the  fact  is  so  well  recognised  now  that  it  is  unnecessary  to  enter  more 
fully  into  the  subject  here.  It  is  enough  to  state  that  the  protection  of 
the  water-supply  from  any  possible  sources  of  contamination  demands  our 
most  careful  attention.  The  site  from  which  the  water  for  drinking  purposes 
is  taken  should  be  guarded  from  pollution,  and  where  there  is  any  doubt 
as  to  the  quality  all  drinking  water  should  be  iiltered  and  boiled. 

The  same  scrupulous  attention  should  be  given  to  the  milk-supply,  and 
this  should  in  every  case  be  boiled  before  distribution ;  and,  indeed,  speaking 
generally,  all  sources  of  food- supply  should  be  inquired  into,  and  means 
adopted  to  keep  them  pure  and  wholesome. 

If  the  disease  appears  in  camp,  the  next  important  point  to  look  to  is  the 
trenches,  which  should  always  be  separate  for  enteric  cases,  and  as  far  to 
leeward  as  possible.  The  dejecta,  after  careful  disinfection  with  mercuric 
chloride  solution,  should  be  buried.  The  stools  when  first  voided  are  not 
infectious,  therefore  they  should  be  disinfected  at  once.  In  using  mercuric 
chloride  as  a  disinfectant  the  solution  should  be  rendered  acid,  which  prevents 
the  mercury  being  precipitated  by  the  albuminous  matter  in  the  stools — the 
formula  used  to  disinfect  cholera  stools  answers  the  purpose  well.  If  carbolic 
acid  is  used,  the  solution  should  be  1  in  30,  and  it  must  remain  in  contact 
with  the  dejecta  for  some  hours.  Hence  corrosive  sublimate  is  more  effica- 
cious, and  better  adapted  for  military  purposes.  The  trenches  themselves 
should  be  four  feet  deep  at  least,  and  one-and-a-half  feet  wide.  When  the 
trench  is  half  filled  in,  it  should  be  closed  and  the  earth  well  beaten  down. 

All  articles  of  bedding  and  clothing  which  have  been  soiled  should  be 
disinfected.  It  should  not  be  forgotten  that  the  enteric  poison  has  great 
vitaUty,  and  preserves  this  for  months.  Blankets,  &c.,  after  being  soaked  in 
corrosive  sublimate  solution,  should  be  disinfected  by  moist  heat.  If  this  is 
not  available,  then  boiling  for  three  or  four  hours  will  generally  suffice  to 
■disinfect  them. 
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It  is  not  always  possible  to  submit  to  the  action  of  heat  such  articles  as 
mattresses,  &c.,  and  if  such  be  the  case  they  had  better  be  burned.  It  is 
not  safe  to  rely  on  fumigation  only  to  purify  them. 

Great  care  should  be  taken  that  the  disease  is  not  communicated  to  the 
attendants.  They  should  be  required  to  take  their  food  in  a  separate  room 
or  tent,  and  to  wash  their  hands  in  some  disinfecting  solution  before  par- 
taking of  their  meals.  For  reasons  previously  stated,  the  attendants  on 
enteric  cases  should  be  taken  from  the  older  class  of  soldiers. 

The  result  of  all  preventive  measures  really  depends  on  recognising  the 
first  cases,  and  deahng  with  them  at  once  by  isolating  them  and  their 
attendants,  and  by  carefully  disinfecting  all  dejecta,  clothing,  bedding,  &c.r 
in  the  manner  already  directed.  Should  the  disease  become  epidemic  the 
camp  must  be  evacuated,  and  a  fresh  site,  to  windward  if  possible,  selected. 

Yelloiv  Fever. — Yellow  fever  is  a  disease  which  is  very  limited  in  its 
habitats.  Throughout  the  whole  of  the  yellow  fever  region  there  are  only 
three  situations  at  which  the  disease  assumes  an  endemic  character — the 
West  Indies,  the  Mexican  Gulf  Coast,  and  part  of  the  Guinea  Coast.  From 
this  it  has  been  introduced  at  several  points  on  the  western  shores  of 
Europe,  but  it  has  never  obtained  a  foothold  there. 

The  disease  was  at  one  time  believed  to  be  of  malarial  origin,  and  there- 
were  some  who  considered  that  the  two  agencies  which  produce  yellow  fever 
and  paroxysmal  fevers  were  inseparately  associated,  and  are  referable  to 
telluric  emanations. 

The  experience  of  later  times  has,  however,  distinctly  shown  its  separation 
from,  and  independence  of,  malaria,  and  its  diffusion  by  personal  intercourse. 

Geological  characters  of  the  soil  do  not  appear  to  exert  any  influence, 
either  in  the  production  or  diffusion  of  yellow  fever,  but  climatic  conditions, 
and  more  particularly  temperature,  do  exert  an  important  influence  upon  its 
spread.  Its  causation  is  most  closely  associated  with  the  presence  of  fsecal 
and  other  waste  organic  matters,  such  as  accumulate  around  human  habita- 
tions in  densely-populated  towns. 

As  regards  season,  within  the  endemic  zone  yeUow  fever  occurs  at  all 
seasons,  yet  in  the  cold  season  it  is  only  sporadic.  The  greatest  prevalence 
of  the  disease  falls  in  the  period  from  April  to  September.  The  two  chief 
factors  on  which  an  epidemic  depends  are  temperature  and  moisture.  An 
isotherm  of  68°  F.  is  necessary  for  an  epidemic  to  develop,  but,  once  started, 
it  is  not  dependent  for  its  continuance  on  a  relatively  high  temperature. 

The  moisture  in  the  air  constitutes  the  second  factor  in  the  production 
of  yellow  fever.  It  occurs  only  to  a  sUght  extent,  if  at  all,  in  years  with 
little  rain,  dry  weather  or  long-continued  drought  being  unfavourable  ta 
the  diffusion  of  the  disease. 

It  is  said  to  prevail  as  an  epidemic  only  when  the  temperature  of  the 
dew-point  does  not  fall  below  74°  F. 

As  regards  the  nature  of  the  poison,  little  is  known. 

Dr.  Domingos  Freire  has  found  a  micrococcus  which  he  terms  Crypto- 
coccus  xantJiogenus,  and  which  he  regards  as  the  cause  of  the  disease.  His 
observations  have  not  been  confirmed,  and  this  theory  has  not  been  accepted. 
So  far  no  specific  organism  has  been  discovered  which  is  admitted  as  the 
cause,  or  has  in  any  way  been  specially  identified  with  the  disease. 

A  point  of  special  interest  in  the  history  of  yellow  fever  is  the  influence 
accHmatisation  and  race  have  upon  its  distribution.  New  arrivals  from 
northern  latitudes,  and  those  not  yet  acclimatised,  are  most  subject  to  the 
disease,  while  the  native  and  acclimatised  whites  enjoy  more  or  less  exemp- 
tion from  attacks.     This  comparative  immunity  is  only  to  be  acquired  after 
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long  residence  within  the  endemic  zone  where  yellow  fever  occurs.  The 
predisposition  to  attack  increases  with  the  distance  from  the  tropical  zone, 
and  for  this  reason  troops,  before  taking  a  tour  of  service  in  the  "West  Indies, 
first  pass  three  or  four  years  in  one  of  the  Mediterranean  stations.  A  pre- 
vious attack  also  confers  immunity  from  another  one.  Creoles  enjoy  almost 
a  perfect  immunity.  The  negro  race  appear  to  enjoy  a  congenital  protection 
from  attacks  of  this  disease,  which  immunity  is  all  the  more  complete  the 
more  purely  the  racial  characteristics  have  been  preserved ;  and  this  is  the 
case  whether  they  are  acclimatised  or  not. 

Yellow  fever  is  especially  a  fever  of  towns  and  cities,  and  not  of  country 
districts.  The  accumulation  of  filth  arising  from  defective  drainage  and 
general  inattention  to  cleanliness  seems  to  be  recognised  as  being  intimately 
connected  with  locahsing  causes,  and  this  disease,  Hke  cholera  and  enteric 
fever,  has  not  inaptly  been  called  a  filth  disease. 

An  epidemic  outbreak  of  yellow  fever  never  happens  suddenly.  A  series 
of  isolated  cases  always  precede  it  for  a  longer  or  shorter  period,  after  which 
the  epidemic  will  usually  come  rapidly  to  a  head.  It  will  exhibit  many 
fluctuations  while  it  lasts,  depending  chiefly  upon  the  influx  of  strangers, 
and  will  die  out  graduaUy,  or  it  may  be  suddenly,  under  cHmatic  conditions 
unsuitable  to  its  further  existence. 

Given  an  area  in  which  yellow  fever  is  endemic,  it  is  obvious  we  are 
dealing  with  the  disease  at  its  source.  It  is  not  possible  to  alter  the  essen- 
tial characters  of  the  soil,  or  to  introduce  other  conditions  of  climate  into 
the  place,  but  it  is  possible  to  effect  some  changes  in  it  which  will  destroy 
the  power  of  developing  the  poison. 

As  yellow  fever  haunts  the  low  and  filthy  quarters  of  seaport  towns,  the 
best  results  will  be  obtained  by  a  levelling  and  draining  of  the  soil,  the 
immediate  and  effective  removal  from  it  of  all  animal  and  vegetable  refuse, 
and  by  providing  an  efficient  system  of  sewage  removal.  No  sewage  should 
be  allowed  to  flow  in  tidal  harbours  or  the  mouths  of  estuaries,  and  in  such 
places  the  dry-earth  system  is  the  only  one  which  can  with  safety  be  adopted. 
Cleanliness,  in  the  widest  sense,  is  absolutely  necessary,  as  well  as  a  pure 
water-supply,  and  careful  attention  to  all  sources  from  which  food  is  taken. 

When  the  disease  has  once  broken  out,  our  main  object  must  be  to  arrest 
its  spread.  The  infected  habitation  must  be  immediately  evacuated,  and 
segregation  of  the  sick  carried  out  at  a  distance  which  is  not  already  a  focus 
of  the  disease,  nor  in  a  condition  to  become  so.  The  buildings  should  be 
fumigated  and  re-Hmewashed,  and  not  again  occupied  for  several  days. 
Complete  and  thorough  disinfection  of  all  dejecta,  notably  the  vomit  and 
alvine  discharges,  by  mercuric  chloride  solution,  as  already  indicated,  and 
then  deeply  buried  and  not  allowed  to  pass  into  any  drain  or  latrine  used  by 
others.  The  attendants  on  the  sick  should  be  taken  from  the  least  suscep- 
tible classes  of  the  community— that  is,  from  those  on  whom  such  is  con- 
ferred by  a  previous  attack,  or  from  the  negro  population. 

All  bedding  and  clothing  which  cannot  be  thoroughly  disinfected  by 
moist  heat  should  be  burnt.  The  bodies  of  those  who  have  died  from 
the  disease  should  be  disinfected  by  chlorinated  Hme  or  good  quickhme, 
and  deep  bm-ial  required  in  all  cases.  All  communication  with  the  infected 
area  should  be  restricted,  and  in  the  case  of  troops,  entirely  prohibited. 

Such  are  the  main  fines  to  work  upon  with  regard  to  the  prevention  of 
yellow  fever.  Like  cholera,  the  poison  no  doubt  is  specific,  although  no 
particular  organism  has  yet  been  found.  The  action  is  primarily  on  the  large 
intestines,  the  discharges  from  which,  in  those  affected  by  the  disease,  are 
capable  of  giving  rise  to  the  same  disease  in  others. 
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The  origin  of  the  disease  is  enveloped  in  obscurity.  It  has  been  sug- 
gested that  the  disease  poison  primarily  took  its  origin  from  the  filth  of 
slave-ships,  and  dysenteric  dejecta  deposited  on  certain  harbours  and  on  cer- 
tain shores  at  which  place  the  disease  still  tends  to  prevail  under  certain 
existing  conditions.  Dr.  Creighton  points  out  that  the  slave-trade  is  the 
only  one  circumstance  covering  its  history,  geography,  and  distribution. 
The  advent  of  yellow  fever  coincided  with  the  rise  of  the  slave-trade,  and  it 
has  ceased  in  many  of  the  great  cities  of  America  after  the  importation  of 
negroes  ceased.  The  disease  is  essentially  one  of  places  rather  than  men, 
confining  itself  to  the  sea-coasts  and  the  shores  of  great  navigable  rivers ; 
and  these  facts  show  that  the  disease  poison  exists  in  the  foreshore  soil  and 
mud  of  these  parts. 

Whatever  is  the  cause,  there  is  now  no  doubt  but  that  epidemics  of  yellow 
fever  have  of  late  years  diminished  both  in  frequency  and  degree,  and  if  the 
hypotheses  of  Dr.  Creighton  be  true,  we  may  reasonably  hope  that,  now  that 
a  cruel  slave-trade  has  ceased  to  exist,  the  disease  will  gradually  die  out  and 
disappear  under  a  more  enhghtened  hygienic  rule. 

Malarious  Fevers. — Malarial  fever  in  one  of  its  varied  forms  is  the 
disease  most  frequently  met  with  on  military  service.  Extending  to  a  broad 
zone  on  either  side  of  the  Equator,  they  reach  their  maximum  of  frequency 
in  tropical  and  sub-tropical  regions,  where  they  become  endemic,  diminishing 
both  in  frequency  and  intensity  as  the  higher  latitudes  are  reached. 

The  exact  nature  of  the  malarial  poison  has  been  the  subject  of  much 
discussion.  Klebs  and  Tommasi-Crudeli  found  bacilli  in  the  marshy  ground 
in  a  malarial  region,  and  described  these  organisms  as  '  malaria  bacilli.' 
The  statement  with  regard  to  the  morphological  characters  of  these  micro- 
organisms is  not  satisfactory,  and  on  this  account  their  views  have  not  been 
accepted. 

Laveran  ^  has  described  in  detail  the  appearances  of  certain  organisms 
which  he  believes  to  be  the  cause  of  malaria  :  there  are  three  forms,  spheres 
— spheres  with  flagella,  and  crescent-shaped  bodies.  He  considers  these 
bodies  to  belong  to  the  animal  rather  than  to  the  vegetable  kingdom 
(hffimatozoaires). 

The  French  Academy  of  Sciences  have  adopted  Laveran's  views,  stating 
that  '  the  discovery  constitutes  by  itself  all  the  pathology  of  intermittent 
fever.'  ^ 

By  far  the  most  common  variety  of  the  disease  is  the  intermittent  mala- 
rial fever  ;  this  form  is  universally  distributed  in  the  temperate  zone  in 
northern  latitudes  as  well  as  in  the  tropics  and  sub-tropical  regions. 

The  remittent  type,  as  well  as  the  severer  forms  of  malarial  fever,  are 
principally  confined  to  tropical  and  sub-tropical  countries.  There  is  no 
acclimatisation  for  these  diseases  ;  natives  as  well  as  Europeans  suffer,  the 
latter  from  the  more  severe  and  pernicious  forms,  while  natives,  if  they 
remain  in  their  own  homes,  are  more  often  attacked  by  the  milder  disease 
and  suffer  less  severely. 

All  observations  tend  to  show  that  the  disease  poison  is  elaborated  in 
the  soil  during  decomposition  under  the  combined  influence  of  heat  and 
moisture. 

Predisposing  conditions  largely  enter  into  the  soldier's  life,  particularly 
on  service  in  the  field,  where  often  the  vital  powers  are  lowered  and  the  life 
has  a  depressing  and  exhausting  tendency.  Such  conditions  are  brought 
about  by  exposure,  often  by  improper  food  given  at  irregular  times,  and  ex- 

»  TraiU  des  FUvrcs  Palustres,  1884.  ^  Camptes  Eendus,  1889,  ii.  1091. 
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•cessive  labour,  incurred  by  forced  inarches,  &c.     These  render  the  system 
less  liable  to  withstand  the  influence  of  the  malarial  poison. 

The  production  of  malaria  in  soil  seems  to  depend  upon  the  saturation  of 
"the  ground  with  subsoil  water,  and  where  such  a  condition  exists  we  find 
malaria  most  fully  developed  ;  for  example,  on  rice  fields,  cotton  marshes,  and 
the  damp  alluvial  banks  of  rivers  ;  over  irrigated  lands  where  much  cultivation 
is  carried  on,  as  in  India,  and  in  localities  where  the  subsoil  water  is  near  the 
surface  from  canals  or  subterranean  springs.  Any  of  these  conditions  pro- 
•ducing  a  wet  soil  furnishes  an  intimate  causal  connection  between  it  and 
the  production  of  the  disease,  and  this  is  all  the  more  intensified  when  men 
are  exposed  to  the  efiluvia  from  decomposing  vegetable  masses,  and  to  the 
results  of  decay  of  the  vegetable  matters  in  or  upon  the  soil. 

Although  no  race  is  actually  immune  to  malarial  fevers,  the  negro  pre- 
sents the  least  predisposition  to  this  disease  ;  he  is  less  frequently  and  less 
severely  attacked,  although  he  does  not  enjoy  absolute  immunity. 

In  military  service  the  selection  of  season  is  most  important.  Hirsch 
states  that  in  the  regions  with  moderately-developed  malaria  there  are  two 
maxima,  one  in  spring  and  one  in  autumn,  with  a  decrease  of  the  disease  in 
the  intervening  months.  In  regions  with  strongly-developed  malaria,  the 
maximum  begins  in  summer,  reaching  its  height  at  the  end  of  summer,  the 
dninimum  being  winter  and  spring ;  while  in  intensely  malarious  spots  of  the 
tropics,  the  greatest  prevalence  occurs  during  the  rainy  season.  As  an  ex- 
. ample  of  the  benefit  gained  by  the  proper  selection  of  season  for  carrying  on 
military  operations  in  malarious  countries,  may  be  cited  the  Ashanti  cam- 
j)aign  of  1873.  Former  expeditions,  undertaken  during  the  rainy  and 
unhealthy  season,  proved  most  disastrous.  In  the  Ashanti  expedition  of 
1864  the  troops  marched  during  the  latter  part  of  January  ;  early  in  March 
the  hospitals  began  to  fill.  The  rains  commenced  the  middle  of  March,  and 
by  the  end  of  the  month  hardly  an  officer  was  in  sound  health,  and  none 
had  escaped  fever.  In  June  the  whole  force  had  to  be  withdrawn  from  the 
anterior,  and  the  expedition  abandoned. 

Paroxysmal  fevers  furnished  an  admission  rate  of  851  per  1,000,  against 
an  average  of  115  per  1,000  for  the  previous  five  years.  Contrasting  this 
with  the  expedition  commanded  by  Lord  Wolseley  in  1873,  we  find  the  time 
rselected  was  from  October  to  February,  months  which  were  not  included  in 
the  rainy  season  on  the  coast,  and  where  every  precaution  was  taken  to  avoid 
keeping  men  in  the  interior  after  the  rains  set  in.  The  mortality  for  the 
whole  force  disembarked  was  only  31*4  per  1,000.  The  expedition  was  able 
■to  accomplish  the  task  it  had  to  perform,  and  its  success  was  almost  entirely 
'due  to  the  care  and  forethought  exercised  ia  the  proper  selection  of  the 
season  for  campaigning. 

As  regards  the  influence  of  age,  the  older  soldier  has  the  advantage,  pro- 
vided he  has  not  previously  sufl'ered  from  the  disease.  Young  soldiers  are 
most  frequently  attacked,  and  appear  to  suffer  more  severely. 

The  time  of  marching  in  malarious  countries  should  be  the  same  as  in  the 
tropics  generally.  During  the  Ashanti  War,  less  harm  was  found  to  result 
from  early  morning  marching  than  from  marching  during  those  hours  which 
would  of  necessity  expose  men  to  the  sun.  Men  should  always  be  provided 
with  a  good  meal  of  coffee  or  cocoa  and  biscuit  before  commencing  a  march. 
The  clothing  is  of  first  importance,  as  the  prevention  of  chill  removes  an 
important  factor  in  malarial  attacks,  particularly  in  those  who  have 
.already  suffered  from  paroxysms  of  this  fever.  Flannel  should  always  be 
worn  next  the  skin,  and  never  cotton  ;  it  is  not  only  a  protection  against 
malaria,  but  also  agaiast  dysentery.     In  damp  malarious  jungle,  cotton  is 
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totally  unsuited  for  clothing.  Khaki  serge,  as  used  in  India,  appears  ta- 
answer  all  necessary  requirements.  Every  precaution  should  be  taken  at  the 
end  of  a  march  against  men  sitting  in  damp  or  wet  clothes :  it  is  at  that 
time  that  the  most  danger  is  to  be  apprehended.  If  possible,  a  change  of" 
underclothing  should  be  provided.  Smoking  in  moderation  may  be  per- 
mitted with  advantage  :  it  certainly  seems  to  ward  off  malaria. 

The  selection  of  the  site  for  a  camp  in  malarious  countries  is  of  import- 
ance. Elevation,  although  it  does  not  afford  absolute  immunity,  gives  a 
certain  amount  of  protection,  and  the  disease  diminishes  in  severity  as  we 
ascend  above  sea-level,  therefore,  as  high  a  site  as  is  consistent  with  military 
requirements  should  be  selected.  The  greater  the  altitude  also  the  lower  is 
the  temperature,  another  important  factor  in  the  production  of  malaria.  Om 
high  ground  the  soil  is  drier,  and  experience  shows  that  increased  moisture- 
leads  to  increased  admissions  for  fever ;  for  this  reason  damp  camping- 
grounds  are  to  be  avoided. 

For  the  same  reason  marshes,  or  the  banks  of  rivers,  particularly  where - 
the  water  is  stagnant,  and  the  neighbourhood  of  swamps,  where  generally 
the  processes  of  decomposition  are  most  active  under  the  influence  of  very 
great  heat,  are  hotbeds  of  malaria.  These,  of  course,  should  not  be  occu- 
pied if  possible  by  troops.  Marshes  are  only  malarious  when  they  are- 
partly  covered  with  water,  and  present  their  worst  condition  when  they  are 
undergoing  the  process  of  drying  up.  As  long  as  they  are  completely 
covered  with  water,  they  do  not  give  off  malaria. 

In  preparing  a  camp  the  soil  should  be  disturbed  as  little  as  possible.  In. 
the  tropics,  where  all  the  ground  has  remained  fallow  for  any  length  of  time, . 
it  is  sure  to  give  rise  to  malarial  fever,  particularly  if  the  surface  is  cut 
away  and  the  soil  exposed  to  the  action  of  the  air.  Brushwood  and  jungle 
are  frequently  bad.  It  is  better  to  avoid  a  site  covered  with  dense  jungle- 
and  brushwood,  as  its  removal  at  first  will  increase  malarious  disease  con- 
sequent on  the  disturbance  of  the  ground,  but  ultimately  the  site  may  be 
improved  by  doing  so,  and  rendered  more  healthy.  If  the  camp  is  only  to  be 
used  for  temporary  purposes,  the  ground  should  not  be  interfered  with. 
Where  removal  is  necessary,  the  work  should  be  carried  on  during  the  day,, 
and  not  in  the  early  morning  or  in  the  evening. 

Trees  should  be  removed  with  judgment.  If  they  interfere  with  the  free- 
movement  of  air  it  may  be  necessary,  to  do  so,  but  this  will  seldom  be  the 
case.  In  the  tropics  they  cool  the  ground,  and  may  protect  from  malarious 
currents.  It  is  said  that  at  some  of  the  hill-stations  in  India  malaria  has 
decreased  owing  to  the  removal  of  the  trees  for  some  distance  around  the- 
cantonments. 

The  fact  that  the  poison  may  be  introduced  into  the  system  by  drinking- 
water  should  not  be  overlooked.  The  malarial  poison  contained  in  the  water 
is  probably  generated  by  the  decaying  vegetation,  and  the  fact  that  the 
disease,  in  those  places  where  it  is  taken  in  by  water,  becomes  most  fatal  in 
the  month  of  October,  coincides  with  the  time  that  there  is  the  j)Ossibihty  of 
the  largest  amount  of  organic  matter  in  the  water  from  the  shedding  of  the 
forest  leaves.  Malarial  fever  thus  induced  is  apt  to  assume  a  very  virulent 
form.  Mr.  Whalley '  states  that  the  streams  which  enjoy  the  most  deadly 
reputation  all  take  their  rise  in  the  dense  forest,  and  are  overhung  for  a  por- 
tion of  their  course  by  a  thick  screen  of  overarching  trees  and  bushes. 
Streams  which  are  bordered  by  sand  and  boulders  are  generally  innocuous. 
Unhealthy  villages  are  found  mostly  along  the  shallow  depressions  which. 

'  British  Medical  Journal,  Nov.  8,  1884,  p.  942. 
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'Convey  the  surface  water  of  the  forests  to  the  rivers.  Dr.  E.  G.  Eussell  ^ 
gives  many  instances  of  the  association  of  malarial  diseases  with  the  use  of 
water  draining  from  jungles  or  marshes  at  the  base  of  mountain  ranges, 
.  and  their  disappearance  on  the  substitution  of  a  better  water-supply. 

A  water  free  from  vegetable  organic  matter  is,  therefore,  indicated  as  the 
best  means  of  prevention.  Vegetable  matter  alone  in  water  will  not  produce 
malarial  symptoms,  but  as  malaria  is  generated  in  soils  abounding  in  vege- 
table organic  matter,  it  is  reasonable  to  suppose  that  the  malarial  poison  will 
readily  enter  the  water  with  the  vegetable  substances. 

Surface  waters  are  the  most  dangerous  :  water  from  wells,  unless  con- 
taminated by  surface  washings,  has  never  been  known  to  produce  malarial 
fever.  If  surface  water  has  to  be  used  for  drinking  purposes,  it  should  be 
filtered  and  boiled  in  every  case.  It  would  also  be  advisable  to  sink  a  Norton 
tube-well,  and  take  the  supply  from  a  deeper  level. 

In  camp  men  should  never  be  allowed  to  lie  on  the  ground  at  night. 
Often  a  few  inches  will  suffice  as  a  protection  against  an  attack.  In  the 
Ashanti  campaign,  the  greatest  benefit  was  found  to  result  from  the  raised 
bunks  used  by  the  men  on  which  they  spread  their  waterproof  sheets.  In 
all  the  huts  used  in  that  campaign  provision  was  made  that  the  men  should 
be  well  raised  off  the  ground;  at  each  side  of  a  centre  passage  in  the  hut, 
:and  running  its  whole  length,  beds  were  placed,  made  elastic  by  using  split 
bamboos.  The  floors  were  made  of  rammed  clay,  and  raised  one  foot  from 
the  ground.  It  is  advisable  to  close  up  the  huts  and  tents  as  far  as  practi- 
■cable  after  sunset  to  shut  oft'  malaria. 

The  use  of  quinine  as  a  prophylactic  is  a  subject  on  which  considerable 
diversity  of  opinion  exists  among  medical  officers.  It  was  formerly  believed 
that  the  daily  use  of  quinine  in  from  three-  to  five-grain  doses  will  avert  an 
-attack  in  those  exposed  to  malaria.  The  general  opinion  is  certainly  in 
favour  of  giving  it,  but  its  action  appears  to  be  temporary  only,  and  its  effect 
•does  not  last  after  the  cessation  of  the  drug.  Possibly  it  is  on  this  account 
that  the  prophylactic  use  of  quinine  has  been  considered  a  failure.  Sir  A.  D. 
Home,  V.C.,  gives  as  the  result  of  his  experience  that  '  it  may  be  desirable 
to  state  the  conclusion  come  to  with  respect  to  it  from  observation.  With 
regret,  and  heartily  wishing  that  my  opinion  may  be  overthrown  by  those  of 
others,  I  have  to  say  that  I  did  not  recognise  any  value  in  quinine  given 
prophylactically ;  it  neither  seemed  to  ward  off  attack  or  to  mitigate  the 
■severity  of  malarious  fevers  in  those  attacked.'  ^ 

The  experience  of  the  American  War  ^  appears  to  teach  that  when  men 
are  temporarily  exposed  in  a  specially  dangerous  locality,  quinine  should  be 
issued  as  a  prophylactic  ;  but  where  the  station  must  be  occupied  for  some 
time,  prevention  should  rather  be  based  on  the  proper  selection  of  sites  and 
the  avoidance  of  predisposing  causes. 

Arsenic  has  also  been  used  with  the  same  object.  The  writer's  experi- 
■ence  in  India,  which  has  been  confirmed  by  other  medical  ofiicers,  is  that 
for  this  purpose  it  is  wholly  useless,  and  most  certainly  does  not  ward 
off  an  attack. 

With  regard  to  acclimatisation,  there  is  none.  In  those  localities  where 
the  disease  is  endemic,  the  only  acclimatisation  possible  would  be  a  complete 
saturation  of  the  system  with  the  poison.  Our  endeavour  should  be  that  by 
■careful  selection  of  seasoned  soldiers,  and  by  maintaining  them  at  the  highest 
possible  point  of  resistance  to  malarial  influences,  we  may  afford  such  pro- 

'  Malaria  and  Injuries  of  the  Spleen,  Calcutta,  1880. 

^  Army  Med.  Dept.  Bejports,  vol.  sv.  p.  229. 

^  Medical  and  Surgical  History,  3rd  part,  p.  171. 
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tection  for  a  time  as  will  admit  of  their  residence  in  those  parts  where  they 
are  required. 

Heat-stroke. — This  disease  may  be  said  to  arise  from  two  causes  :  (1)  from 
the  direct  rays  of  the  sun,  and  (2)  heat  in  the  shade,  combined  with  stagnant 
and  impure  air.  Next  to  temperature,  the  degree  of  moisture  in  the  air  has 
a  decided  influence  on  the  occurrence  of  this  disease.  In  India  the  largest 
number  of  cases  occur  from  April  to  July,  varying  with  the  early  or  late- 
setting-in  of  the  rains  ;  the  period  of  most  prevalence  being  greatest  when 
the  air  is  very  hot  and  saturated  with  watery  vapour.  During  this  time- 
the  evaporation  from  the  skin  is  reduced  to  the  lowest  point,  while  the- 
body  temperature  may  be  increased  either  from  climate,  exhaustion,  or 
fatigue. 

If  to  high  temperature  and  moisture  is  added  stagnation  of  the  air,  the- 
conditions  hable  to  produce  heat-stroke  are  increased.  All  medical  officers 
have  noticed  the  liabihty  to  heat-stroke  during  calm  sultry  weather,  with 
high  temperature  and  moisture. 

Fatigue  is  an  important  factor  in  the  causation  of  heat-stroke ;  the 
majority  of  cases  in  military  service  are  the  result  of  heat,  over-exertion,  and 
insufficient  water-supply. 

On  the  march  in  a  tropical  climate,  the  heat  developed  within  the  system 
must  be  dissipated  by  transpiration  and  respiration  in  order  to  preserve  the- 
normal  temperature  of  the  body  The  soldier  starts  at  a  disadvantage  :  he  is 
loaded  with  his  kit  and  armament,  so  that  in  addition  to  the  muscular  f  atigue- 
and  extra  work  done  in  carrying  these,  the  result  of  exercise  under  such 
conditions  is  that  he  is  bathed  in  perspu^ation,  which  actually  causes  a  loss- 
of  water  from  the  system,  without  a  commensurate  lowering  of  body-heat. 
If  the  atmosphere  is  moist,  this  further  interferes  with  evaporation ;  or  the- 
want  of  water  to  replace  that  lost  by  excessive  perspiration  may  cause  the 
skin  speedily  to  become  dry.  From  this  we  see  that  the  suppression  of 
evaporation  consequent  on  a  deficient  water-supply  causes  the  temperature 
to  rise  and  favours  the  occurrence  of  heat-stroke.  Overcrowding  in  barracks, 
and  tents  should  be  avoided.  In  overcrowded  rooms  not  only  is  the  air- 
rendered  foul,  but  the  temperature  is  raised. 

For  the  same  reason  on  the  march  the  order  should  be  '  open  order." 
Nothing  fatigues  men  more  than  keeping  '  close  order  ; '  evaporation  is^ 
checked,  the  temperature  in  the  ranks  goes  up,  and  with  it  the  body  tem- 
perature. Without  ventilation  through  the  ranks  the  air  becomes  foul^ 
owing  to  the  giving-off  of  organic  matter  and  watery  vapour. 

It  is  almost  needless  to  add,  after  what  has  been  already  said,  that  un- 
less under  special  circumstances,  men  should  march  in  the  early  morning,, 
and  never  during  the  middle  of  the  day.  If  absolutely  necessary,  a  night 
march  may  be  made,  but  this  should  be  the  exception ;  the  early  morning 
hours  give  the  greatest  protection  with  the  least  fatigue.  For  reasons  stated 
above,  there  should  be  ample  provision  made  for  a  supply  of  cold  tea,  coffee^ 
or  water ;  the  rule  should  be  to  take  small  quantities  of  these  liquids  at  fre- 
quent intervals. 

Eegular  and  sufficient  halts  should  be  given  to  eliminate  the  element  of 
fatigue,  and  advantage  taken  of  any  shade,  provided  it  affords  free  movement 
of  the  air.  In  desert  marches  men  should  be  cautioned  against  lying  down 
while  halting,  as  the  temperature  close  to  the  ground  is  higher,  and  favours 
the  occurrence  of  the  disease. 

The  dress  should  be  light,  warm  to  prevent  chills,  and  loose  and  open  so 
as  to  avoid  any  constriction  of  the  neck  or  chest.  Woollen  clothing  is  best 
adapted  for  marching.      The  colour  should  be  of   a  light  grey  or  khaki 
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colour.  These  colours  have  slow  conducting  power,  and  at  the  same  time 
the  least  absorbing  power  to  the  sun's  rays. 

The  head-dress  must  afford  ample  protection  to  the  temples  and  back  of 
the  neck.  It  should  be  light  and  well-fitting.  The  ordinary  helmet,  as  now 
issued  to  the  troops  in  India,  appears  to  answer  all  requirements  in  this 
respect,  but  if  it  had  a  cover  to  tie  on  and  fall  over  the  back  part  so  as  to 
protect  the  nape  of  the  neck,  it  would  be  a  great  advantage.  This  should  be 
lined  with  cotton  and  quilted.  The  back  of  the  jacket  may  also  have  a  padded 
lining  over  that  part  which  covers  the  spine. 

Severe  headache  may  be  induced  by  glare,  caused  by  the  direct  or  re- 
flected rays  of  the  sun  impinging  on  the  optic  nerve  ;  this  may  be  regarded 
really  as  only  a  premonitory  stage  of  heat-stroke,  and  can  be  prevented  by 
the  use  of  neutral-tinted  or  coloured  glasses,  which  afford  a  grateful  feeling 
of  coolness  and  comfort,  only  to  be  experienced  to  be  appreciated. 

The  food  issued  to  the  men  must  be  in  proportion  to  the  work  to  be  per- 
formed, but  care  should  be  taken  that  where  the  conditions  favouring  heat- 
stroke are  present  there  should  be  no  excess  of  animal  food.  Alcohol,  under 
no  circumstances,  should  be  allowed,  as  it  favours  the  suppression  of  the 
action  of  the  skin  and  increases  the  predisposition  to  heat-stroke.  Those 
who  are  intemperate  are  especially  liable  to  be  attacked.  In  no  disease  is 
the  evidence  more  clear  or  more  conclusive  that  alcohol  not  only  destroys 
all  immunity  to  heat-stroke,  but  largely-  increases  the  liability  to  attacks. 
Hence  any  issue  of  alcohol  should  be  positively  forbidden.  There  should  be 
no  exception  to  this  rule.  Tea  and  coffee  should  be  supplied  as  far  as  pos- 
sible. Tea  is  not  only  refreshing,  but  it  also  promotes  the  action  of  the  skin, 
and  thus  aids  in  lessening  the  susceptibility  to  heat-stroke.  Tea  and  coffee 
as  beverages  are  therefore  indicated,  and  should  be  freely  partaken  of. 

In  camps  and  barracks  it  is  necessary  to  avoid  exposure  to  the  direct  rays 
of  the  sun  as  much  as  possible,  and  at  the  same  time  to  give  ample  ventila- 
tion, so  as  to  keep  the  air  pure  and  wholesome.  If  the  temperature  is  very 
high,  artificial  means  may  be  taken  to  cool  the  air  ;  but  this  is  not  always 
easy  to  accomplish  in  the  hot,  sultry  days  when  heat-stroke  is  most  frequently 
prevalent.  During  such  time,  artificial  methods  for  keeping  up  a  continual 
movement  of  air  by  means  of  punkahs  should  be  resorted  to. 

On  the  march,  or  frequently  in  cantonments,  the  early  signs  of  an  attack 
should  be  looked  for.  The  medical  officer  will  often  be  able  to  tell  by  such 
premonitory  symptoms  as  stumbling,  uncertain  gait,  and  total  absence  of 
perspiration,  of  an  impending  attack ;  and,  recognising  these,  he  can  at  once 
pick  out  the  men  and  afford  timely  aid. 

Nor  must  it  be  forgotten  that  here  again  the  seasoned  soldiers  have  the 
advantage.  New  arrivals  in  India  and  the  tropics  generally  are  very  liable 
to  be  attacked.  This  may  partly  be  due  to  a  disregard  of  ordinary  precau- 
tions necessary  in  a  hot  climate,  especially  in  avoiding  exposure  to  the  sun  ; 
but  this  will  not  account  for  the  enormous  difference  in  the  numbers  of  new 
arrivals  attacked,  and  leaves  no  other  conclusion  but  that  residence  in  a 
tropical  country  affords  a  certain  limited  immunity  to  this  disease. 

Dysentery  and  Diarrhoea. — Bowel  diseases  are  one  of  the  chief  causes 
for  admission  to  hospital  in  tropical  and  sub-tropical  climates.  Almost 
every  soldier  is  affected  with  diarrhoea  soon  after  his  arrival  in  the  tropics, 
which  quickly  passes  off,  in  the  large  majority  of  cases,  as  he  adapts  himself 
to  the  new  conditions  of  life  incidental  to  the  change. 

Nor  is  this  condition  confined  to  the  tropics.  Frequently  it  has  been 
noticed  how  new-comers  in  a  place  suffer  more  often  from  diarrhoea  than 
the  permanent  residents.     This,  in  some  cases,  has  been  traced  to  the  use  of 
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impure  water,  to  which  those  accustomed  to  it  had  hecome  tolerant,  but  to 
which  new  arrivals  were  susceptible,  and  diarrhoea  followed  its  use.  In 
India  and  the  tropics  generally  these  diseases  assume  a  much  more  grave 
and  severe  form  when  they  attack  those  whose  constitution  has  been 
weakened  by  the  debilitating  effects  of  long  residence  in  a  tropical  climate ; 
and  this  very  condition  predisposes  to  an  attack,  so  that  there  is  no  immunity 
gained  by  residence  or  acclimatisation  in  the  tropics. 

Diarrhoea  and  dysentery  in  the  tropics  are  intimately  connected  with 
malarial  fever,  and  by  some  it  has  been  considered  as  the  cause  of  these 
diseases.^  Whether  this  be  so  or  not,  there  can  be  no  question  that  malaria, 
by  enfeebling  the  individual,  increases  the  disposition  to  attacks  from  these 
affections,  and  in  many  cases  aggravates  them  when  they  do  occur. 

The  large  amount  of  sickness  and  mortality  caused  by  these  diseases  on 
active  service  in  all  countries  renders  it  imperative  that  preventive  measures 
should  be  taken  at  the  outset.  Sites  for  camps  should  be  selected  on  as  dry 
soils  as  possible.  Damp  ground  should  be  avoided,  as  this  favours  malaria, 
which  in  its  turn  predisposes  to  bowel  affections.  Dense  forests,  overhung 
by  mists,  where  vegetation  is  active  and  decay  of  vegetable  matter  abundant, 
are  always  unhealthy.  In  the  tropics  old  camping-grounds  are  dangerous  to 
occupy  ;  they  are  frequently  found  to  be  saturated  with  the  excreta  of  men 
and  animals :  if  necessity  compels  their  use,  they  should  only  be  occupied 
for  as  short  a  time  as  possible,  and  in  any  case,  if  these  diseases  are  preva- 
lent, the  site  should  be  changed  at  regular  intervals.  This  not  only  provides 
for  removal  from  an  infected  soil,  but  also  necessitates  a  fresh  water-supply 
in  most  cases,  an  important  factor  in  the  spread  of  these  diseases. 

The  effectual  and  careful  removal  of  aU  refuse  to  a  distance,  and  its 
prompt  disposal  by  burning  or  deep  burial,  should  not  be  overlooked.  In  the 
latter  case,  lime  should  be  freely  used  beforehand. 

The  latrines  demand  most  careful  attention.  Those  used  by  dysenteric 
patients  should  be  separate  from  the  others,  and  the  excreta  carefully  disin- 
fected. 

It  is  also  advisable  to  change  the  site  when  it  has  been  in  use  a  short 
time,  filling  up  the  old  latrine,  and  ramming  the  earth  well  down.  The  fact 
that  dysentery  can  be  spread  by  the  healthy  and  sick  using  the  same 
trenches,  and  that  foul  trenches  can  give  rise  to  sporadic  cases,  cannot  be  too 
strongly  insisted  on. 

There  should  be  no  overcrowding.  Density  of  population  favours  these 
diseases,  and  increases  the  danger  from  them,  owing  to  surface  defilement 
and  the  difficulty  of  keeping  the  camp  clean  and  dry.  Everything  that 
appears  likely  to  cause  putrefaction  should  be  at  once  removed. 

A  pure  water-supply  must  be  provided,  and  where  this  cannot  be  had  the 
water  should  be  filtered  and  boiled.  Stagnant  waters  are  particularly 
dangerous ;  they  generally  contain  a  large  amount  of  vegetable  organic 
matter  undergoing  putrefactive  changes.  In  India  an  excess  of  mineral 
constituents  in  the  water,  and  finely-suspended  mineral  matters,  have  been 
known  to  produce  diarrhoea. 

Food  is  frequently  a  cause  of  bowel  affections.  In  former  years  the  issue 
of  salt  meat,  not  only  to  men  on  active  service  in  the  field  but  during  peace, 
was  a  frequent  cause  of  bowel  affections.  The  thirst  produced  by  this  diet 
led  to  intemperance  on  the  part  of  the  men,  and  this  again  predisposed 
them  to  these  diseases. 

Tinned  provisions  have  in  some  instances  produced  the  diarrhoea,  prob- 

'  Med.  and  Surg.  History  of  the  War  of  the  Rebellio^t,  part  iii.  p.  621. 
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ably  from  tlie  tinning  being  badly  done,  or  from  partial  decomposition  of  the 
meat.  In  tlie  tropics,  also,  it  has  been  noted  that  an  excess  of  animal  food 
will  produce  diarrhoea. 

Bad  cooking  is  not  an  infrequent  cause.  The  meat  may  be  soddened  and 
hard  by  being  too  closely  packed  in  the  cooking- vessels.  The  surface  of  the 
meat  is  overdone ;  the  inside  almost  raw.  This  condition  induces  dyspepsia, 
which  is  very  liable  to  cause  diarrhoea. 

Compressed  vegetables  are,  as  a  rule,  difficult  for  the  soldier  to  cook ; 
they  are  hard  and  indigestible  unless  previously  softened  by  soaking  in  water, 
a  process  not  always  easy  or  available  in  camp.  It  is  important  that  men 
should  not  go  too  long  without  food,  and  while  on  guard  at  night  hot  coffee 
should  be  provided. 

When  these  diseases  are  prevalent,  no  fatigues  or  parades  should  take 
place  in  the  early  morning,  nor  should  men  be  allowed  to  march  before  they 
have  had  a  light  breakfast  of  coffee  or  cocoa  and  biscuit. 

When  there  are  great  undulations  of  temperature  men  should  be  cautioned 
against  exposing  themselves  at  night :  they  should  especially  avoid  the  chilling 
influences  caused  by  dew,  and  where  this  is  present  they  should  always  sleep 
nnder  cover.  Flannel  belts  are  a  great  protection  at  night ;  they  should  be 
made  of  a  double  fold  of  flannel,  and  sufficiently  deep  to  cover  the  whole 
abdomen. 

It  is  almost  unnecessary  to  refer  to  scorbutic  dysentery.  In  former  years 
it  was  the  scourge  of  armies  ;  it  is  now  a  disease  almost  of  the  past,  and  it 
will  hardly  be  possible  for  it  to  recur  again  in  civilised  armies.  With  the 
present  excellent  methods  for  preserving  fresh  meat  and  vegetables,  and  the 
ease  with  which  they  can  be  packed  and  transported,  it  would  be  a  standing 
disgrace  if  this  should  again  appear  to  devastate  armies. 

Scurvy, — The  want  of  fresh  vegetable  food,  or  some  particular  kind  of  it, 
has  been  shown  by  overwhelming  proof  to  be  the  cause  of  this  disease.  The 
fact  that  a  diet  of  fresh  vegetables  affords  certain  means  of  obviating  an 
outbreak,  as  well  as  that  it  is  the  best  remedy  we  ha\e  for  the  cure  of 
this  affection,  establishes  beyond  doubt  that  scurvy  follows  a  certain  diet 
invariably. 

All  evidence  proves  that  it  is  the  absence  of  those  salts  whose  acids  form 
•carbonates,  and  which  neutralise  the  free  acid  in  the  system,  that  is  the 
essential  cause  of  scurvy.  There  appears  now  to  be  little  doubt  that  these 
salts  are  required  to  keep  up  the  necessary  alkalinity  of  the  system. 

Overcrowding  and  impure  air  have  been  thought  to  be  important  factors 
in  the  causation  of  this  disease,  and  that  these  predispose  to  an  attack  by 
lowering  the  general  health  and  nutrition  of  the  body  there  can  be  no  doubt. 
Foul  air  is  a  powerful  predisposing  cause  for  this  as  well  as  for  other  diseases, 
as  it  renders  the  body  less  liable  to  withstand  them. 

As  regards  food,  the  chief  points  to  be  attended  to  are  to  provide  an 
ample  ration  in  proportion  to  the  work  which  has  to  be  done,  and  to  let  this 
consist  of  fresh  meat  and  fresh  vegetables  for  as  long  a  time  as  possible. 
When  preserved  meat  is  issued  with  preserved  vegetables,  additional  anti- 
scorbutics should  be  added  to  the  diet,  in  the  shape  of  vinegar,  pickles,  &c., 
and  it  would  be  advisable  to  supplement  this  with  a  bi-weekly  issue  of  one 
ounce  of  lime-juice.  Compressed  vegetables  have  little  anti-scorbutic  value. 
During  the  process  of  preparation  the  salts  have  been  squeezed  out  of  them 
with  the  water.  They  should  never  be  issued  in  place  of  fresh  vegetables. 
They  are  difficult  to  cook,  and  not  infrequently  cause  diarrhoea.  Preserved 
peas  and  beans  contain  little  or  no  anti- scorbutic  properties,  and  should  not 
be  given  in  lieu  of  other  preserved  vegetables.    Whenever  issued,  the  quantity 
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should  be  sufficient  to  effect  the  object  desired.     Seven  ounces  of  preserved 
potatoes  are  equivalent  to  about  one  ounce  of  lime-juice. 

Vegetable  acids — tartaric,  citric,  acetic — have  been  recommended  as  anti- 
scorbutics, but  the  results  obtained  from  their  use  have  been  doubtful. 
Bitartrate  of  potassium  is  preferred  by  many,  and  has  been  given  combined 
with  vegetable  acids.  It  was  used  during  the  Ked  Eiver  expedition  as  an 
anti-scorbutic.  During  the  Nile  expedition  of  1882  jam  was  issued  with  the 
same  object,  and  it  is  said  with  good  results. 

Amchur  was  provided  for  the  native  troops  from  India  in  the  Egyptian 
expedition  of  1882.  It  prevented  the  occurrence  of  the  disease,  and  was 
considered  a  good  anti-scorbutic.  Amchur  is  made  from  the  mango,  which 
is  dried.     About  one  drachm  is  equal  to  one  ounce  of  lime-juice. 

The  importance  of  red  wines,  so  much  used  in  Continental  armies,  should, 
not  be  overlooked. 

From  the  very  time  an  army  takes  the  field,  attention  to  the  state  of  th®' 
men  as  to  scurvy  demands  careful  watching,  making  the  recognition  of  it  an 
expected  thing,  one  to  be  specially  ascertained  at  the  weekly  medical  inspec- 
tions of  the  medical  officers  with  the  regiment,  as  well  as  to  be  held  in  remem- 
brance at  the  hospitals  to  which  men  with  any  other  kind  of  illness  are  sent. 

Military  Ophthalmia. — Under  this  term  are  included  grey  and  vesicular 
granulations,  and  purulent  ophthalmia  ;  these  diseases  were  formerly  preva- 
lent in  the  Army,  and  from  their  extreme  contagiousness  frequently  spread 
in  an  epidemic  form. 

The  cause  was  generally  owing  to  mechanical  irritation  which  produced 
a  discharge  of  a  contagious  character  ;  and  this  under  the  influences  of  bad 
sanitation,  such  as  overcrowding,  impure  air,  and  no  proper  means  for  ablu- 
tion, gave  rise  to  a  most  severe  epidemic  disease,  often  ending  in  the  total 
destruction  of  the  organ. 

Inflammation  of  the  conjunctiva,  spreading  thence  to  the  deeper  struc- 
tures, and  often  ending  in  suppuration  of  the  eye-ball,  may  have  its  origin 
in  the  simplest  of  all  ways.  A  soldier  sleeps  under  a  tent,  in  a  tropical  or 
sub-tropical  climate,  the  sides  of  which  are  raised  for  the  purposes  of  venti- 
lation ;  the  cold  wind  at  night  blows  over  his  face  and  he  awakens  with 
swollen  eyelids  ;  a  number  of  similarly  affected  men  are  crowded  together ; 
the  simple  inflammation  becomes  one  having  the  virulent  character  of  a  specific 
inflammation  of  a  mucous  membrane,  and  infection  may  be  conveyed  in  a 
crowded  tent  or  room,  as  well  as  conveyed  by  other  contact.  Once  the 
disease,  then,  is  started,  any  form  of  overcrowding  will  intensify  it  and  may 
in  fact  produce  it.  Dr.  Welsh  ^  states  that  in  Malta  he  traced  the  causes  im 
most  instances  to  living  in  an  atmosphere  vitiated  by  the  excreta  of  the 
breath,  skin,  and  body,  aggravated  by  a  warm  atmosphere,  which  had 
a  decided  influence.  Since  the  ventilation  of  barracks  has  been  improved,, 
and  the  cubic  space  per  man  increased,  there  has  been  a  great  diminution  in 
the  number  of  cases  admitted,  showing  evidence  of  a  negative  character  of 
the  influence  of  impure  air.  The  same  results  have  been  brought  about 
in  the  Hanoverian  Army,  where  good  ventilation  has  largely  reduced  the 
niunber  of  cases. 

The  presence  of  pus  cells  in  the  air  of  wards  occupied  by  persons  suffer- 
ing from  acute  eye  disease  shows  how  readily  this  may  be  transferred  from' 
the  sick  to  the  healthy,  and  the  infection  by  means  of  ak  has  been  the 
most  frequent  way  by  which  it  is  propagated,  the  dried  particles  of  the- 
secretions  floating  in  the  air  being  more  infectious  than  the  moist. 

'  Army  Med.  Depart.  Reports,  vol.  xi.  1869. 
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These  are  known  agents  in  the  dissemination  of  the  virus  :  any  one  who 
has  seen  the  swarms  of  flies  which  attack  those  suffering  from  diseases  of 
the  eye  in  Egypt  can  easily  learn  this,  and  should  seek  to  obviate  this  source- 
of  infection  as  far  as  possible. 

Once  the  disease  appears,  the  most  careful  attention  to  ablution  arrange- 
ments are  necessary,  and  it  should  be  borne  in  mind  that  the  stages  between 
simple  catarrh  and  purulent  ophthalmia  are  so  ill-defined  that  it  is  next  to 
impossible  to  say  where  one  ends  and  the  other  commences.  The  use  of  the 
same  towels  and  basins  and  an  insufficient  water-supply  are  the  principal 
means  by  which  the  disease  is  spread,  and  their  use  may  prove  a  danger  not, 
only  to  others,  but  to  the  man  himself  by  re-inoculation. 

Where  basins  are  limited  in  number,  men  should  be  taught  not  only  to 
throw  away  the  dh-ty  water,  but  to  refill  the  basin  with  water,  which  the  next 
comer  should  run  off  before  filling  the  basin  for  his  own  use.  Towels 
should  be  frequently  washed  in  boiling  water,  to  which  some  disinfectant 
may  be  added,  and  then  dried  in  the  open  air. 

To  summarise.  The  chief  preventive  measures  against  mihtary  ophthal- 
mia in  those  countries  where  it  is  most  prevalent  are  ample  air-space  and 
good  ventilation,  whether  in  barracks  or  tents.  The  importance  of  pure  air 
cannot  be  overrated ;  protection  to  the  eyes  from  glare  and  dust  by  glasses 
when  necessary;  perfect  cleanliness  of  the  person,  and  frequent  bathing  of  the 
eyes  in  pure  cold  water ;  care  in  the  use  of  basins  and  towels ;  avoidance  of 
cold  draughts  of  air  at  night,  and  especially  exposure  to  cold  winds  during 
sleep ;  isolation  of  the  sick,  who  should  be  treated  under  the  freest  ventila- 
tion, and  have  their  bedding,  towels,  &c.,  carefully  disinfected.  In  addition^ 
there  should  be  close  attention  to  the  sanitary  surroundings,  and  a  liberal  diet 
provided  to  maintain  a  good  standard  of  health. 

When  this  disease  is  present  among  the  civil  population,  there  should  be 
daily  inspection  of  the  men  by  a  medical  officer,  in  order  to  detect  the  first 
case  that  may  appear  among  the  men  under  his  charge. 

Venereal  Diseases. — 'This  class  of  disease  causes  a  large  amount  of  in- 
efficiency in  the  Army.  It  is  impossible  to  compare  the  numbers  who  are 
affected  in  the  military  and  naval  services  with  those  in  the  civil  community, 
as  there  are  no  morbidity  statistics  relating  to  the  latter.  We  have,  how- 
ever, no  reason  to  believe  that  the  civil  population  is  exempt  from  these 
diseases  in  a  greater  degree  than  the  military  and  naval  services  are. 

The  large  amount  of  inefficiency  in  the  Army  and  Navy  caused  by 
venereal  disease  was  brought  prominently  to  notice  shortly  after  the  sys- 
tematic issue  of  the  Army  Medical  Department  Reports  in  1859. 

In  1864  the  first  Act  of  Parhament  was  passed  which  had  for  its  object 
the  prevention  of  these  diseases,  and  subjected  those  females  who  were  the 
chief  sources  of  its  diffusion  to  medical  treatment  in  hospital  while  they 
were  in  a  state  capable  of  communicating  it.  The  first  Act  passed  was- 
found  to  be  more  or  less  ineffectual,  and  this  was  further  amended  by  the 
Acts  of  1866  and  1869,  which  remained  in  force  until  May  1883,  when  com- 
pulsory examination  was  abolished  by  resolution  of  the  House  of  Commons, 
at  which  time  the  Acts  practically  ceased.  They  were  finally  repealed  in 
1886. 

These  Acts  have  given  rise  to  much  controversy,  and  there  has  been  a. 
widespread  and  active  opposition  to  them.  Apart,  however,  from  the  saving 
of  much  suffering  and  misery,  which  they  were  the  direct  means  of  giving 
rise  to,  they  were  no  doubt  useful  as  affording  a  wholesome  influence  on  the 
class  subjected  to  them,  and  were  the  means  of  raising  the  moral  tone  of 
those  towns  which  were  placed  under  them.     It  is  not  likely  that  these  Act& 
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■will  ever  be  passed  in  the  same  form  again,  but  it  is  not  unreasonable  to 
hope  that  the  time  will  come  when  venereal  diseases  will  be  included  in  the 
list  of  those  of  which  notification  is  required,  and  that  men  and  women 
suffering  from  a  dangerous  disease  should  be  placed  under  some  supervision 
^nd  control. 

It  cannot  be  denied  that  since  the  abolition  of  the  Acts  there  has  been  a 
progressive  diminution  in  the  admissions  from  these  diseases  in  the  Army  at 
home,  and  this  has  been  used  as  an  argument  against  their  reinforcement 
by  those  who  are  opposed  to  any  legislation  on  the  subject.  But  that  this 
occurred  in  former  years  before  the  introduction  of  the  Acts  must  also  be 
admitted,  although  the  reason  for  this  being  the  case  is  not  apparent.  The 
following  table  shows  the  admissions  for  venereal  diseases  for  five  years 
before  the  introduction  of  the  Acts  : — 


Year 
1859 
1860 
1861 
1862 
1863 


Ratio  per  1,000 
422-0 
368-9 
353-8 
329-9 
806-8 


A  similar  diminution  in  the  admissions  for  all  venereal  diseases  during 
ihe  quinquennial  period  1885-89  has  also  taken  place,  as  shown  in  the 
following  table : — 


Tear 

Admissions  for 

Primary  syphilis 

All  venereal  disease 

1885 
1886 
1887 
1888 
1889 

127-4 

118-8 

107-5 

93-2 

83-5 

275-4 
261-1 
252-9 
224-5 
212-1 

There  is  some  evidence  that  during  later  years  a  diminution  has  occurred 
among  the  civil  population,  and  the  death-rate  during  the  last  quinquennial 
period,  1885-89,  shows  a  large  decrease  over  previous  years.  The  follow- 
ing table  is  taken  from  the  Registrar-General's  returns  for  England  and 
Wales : — 

Tears  Deaths  per  1,000,000 

1865-69     ....  80 


1870-74 
1875-79 
1880-84 
1885-89 


80 
85 
84 
73 


There  is  no  doubt  that,  as  shown  by  the  above  tables,  there  has  been  a 
decline  in  the  prevalence  of  these  diseases  since  1885. 

The  last  twenty  years  has  seen  many  changes  in  this  country.  Since 
the  passing  of  the  Education  Acts,  when  school  attendance  was  made  com- 
pulsory, there  has  been  a  gradual  but  increasing  improvement  in  the  moral 
■character  of  the  whole  population,  and  the  various  sanitary  Acts  have  in  no 
small  degree  assisted  to  bring  this  about.  It  is  evident  also  that  the  Conta- 
geous  Diseases  Acts  have  of  themselves  been  beneficial,  inasmuch  as  they 
proved  to  individuals  the  necessity  for  medical  treatment  when  diseased, 
and  inculcated  the  benefits  to  be  gained  from  cleanly  habits.  It  is  seldom 
that  the  same  abandoned  class  of  prostitutes  are  to  be  seen  in  garrison 
towns  that  formerly  frequented  them,  and  there  is  every  reason  to  believe 
that  this  is  due  to  the  general  social  improvement  of  the  masses,  and  not  to 
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the  abolition  of  the  Acts,  which  served  their  time  and  purpose,  and  were  in 
no  small  measure  instrumental  in  bringing  about  this  change. 

On  the  contrary,  we  are  justified  in  beheving  that  this  diminution  in 
venereal  disease  would  have  been  greater  had  the  Acts  remained  in  force  and 
their  sphere  of  usefulness  been  more  widely  extended.  The  advantages  gained 
by  the  passing  of  these  Acts  at  a  time  when  education  was  neglected  and 
few  sanitary  Acts  deahng  with  the  surroundings  of  the  working  classes  were 
in  existence  is  shown  in  the  following  table,  which  gives  the  admission  ratio 
per  1,000  in  fourteen  stations  under  the  Acts,  and  fourteen  stations  not  under 
the  Acts,  since  1860. 


Tear 

14  Stations  under  tlie  Acts  ' 

14  Stations  not  under  the  Acts " 

1860-63 

129-8 

120-6 

3864-69 

87-1 

133-9 

1870-73 

86-0 

107-9 

1874-79 

38-7 

97-4 

1880-82 

75-6 

175-9 

1883-84 

123  9 

174-0                            j 

In  India,  where  the  same  rapid  advance  in  sanitary  progress  has  not 
been  possible,  and  where  the  education  of  the  natives  has  been  narrowed 
by  caste  prejudices,  and  especially  of  the  female  population,  which  has 
always  been  relegated  to  an  inferior  position  in  that  country,  there  have  not 
been  the  same  influences  at  work ;  and  consequently  we  find  that  the  sus- 
pension of  the  Acts  has  had  a  directly  opposite  effect  to  what  has  taken 
place  in  this  country. 

During  later  years  the  proportion  of  young  men  serving  in  the  Army  in 
India  is  larger.  In  the  ten  years  1871-80  the  proportion  under  25  years  of 
age  was  62  per  cent.  ;  in  the  five  years  1884-88  it  was  74  per  cent.,  while 
the  proportion  of  married  men  has  sunk  from  10-37  in  1876  to  3-84  in  1888. 
The  shorter  term  of  Indian  service  under  the  present  system  of  enlistment 
may  also  have  contributed  to  the  increase  in  the  numbers  affected. 

But  whatever  be  the  cause,  the  facts  are  indisputable.  Lord  Eoberts* 
has  shown  by  a  comparison  between  the  years  1883,  when  the  Acts  were  in 
full  force,  and  1888,  when  they  were  suspended,  how  large  the  increase  of 
venereal  disease  has  been  in  the  Bengal  Army.  At  no  station  in  1883  did 
the  number  of  venereal  cases  of  sick  in  hospital  reach  30  per  cent. ;  at  only 
two  stations  was  it  over  25  per  cent.,  while  in  some  stations  it  was  under 
12  per  cent.     In  June  1888,  at  13  stations  the  percentage  was  more  than 


'  14  Stations  which  came  tinder  Acts  : — 
Devonport  and  Plymouth 
Portsmouth 

Chatham  and  Sheerness 
Woolwich 
Aldershot 
Windsor 
Shorncliffe 
Colchester 
Winchester 
Dover 
Canterbury 
Maidstone 
Cork 
Curragh 

*  Parliamentary  Paper,  No. 


^  14  Stations  never  under  Acts ; 
Isle  of  Wight 
London 
Warley 
Hounslow 
Pembroke  Dock 
Sheffield 
Manchester 
Preston 
Edinburgh 
Fermoy 
Limerick 
Athlone 
Dublin 
Belfast 
220,  June  13,  1888. 
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50  ;  at  a  great  many  stations  it  was  just  under  50,  and  at  the  majority  of 
tlie  remainder  it  was  30  and  more. 

In  1889  venereal  disease  was  directly  the  cause  of  32"  1  per  cent,  of  the 
•admissions  to  hospital,  and  8-4  per  cent,  of  the  invaliding  in  the  whole  of 
the  Army  in  India.  Taking  the  three  Presidencies  together,  the  admissions 
from  venereal  diseases  in  the  ten  years  1870-79  were  in  the  ratio  of  203  per 
1,000 ;  in  1888  they  were  371  per  1,000,  and  in  1889  reached  481  per  1,000. 
In  1884,  when  the  Contagious  Diseases  Act  was  in  force,  the  admissions 
were  294  per  1,000.  The  Act  was  suspended  on  January  1,  1885,  since 
which  date  there  has  been  a  progressive  increase  in  the  admissions  for  these 
diseases  until  1889,  when  they  attained  the  proportion  noted  ahove. 

The  following  table  shows  the  comparison  between  the  years  1866,  before 
the  Contagious  Diseases  Act  was  imposed,  1884,  while  they  were  in  force, 
and  1889,  after  they  were  abrogated  : — 


Presidency 

Average 
strength 

1866. 
Ratio  per  1,000 

of  average 
annual  strength 

1884. 
Eatio  per  1,000 

of  average 
annual  strength 

1889. 
Ratio  per  1,000 

of  average 
anntial  strength 

Bengal         ....           42,821 
Madras        ....          13,619 
Bombay      ....          12,826 

217-7 
231-1 

290-6 
307-7 
291-6 

491-2 
451-6 
481-1 

The  history  of  the  subject  in  Calcutta  '  is  even  more  convincing.  The 
Acts  were  put  in  force  in  that  city  in  1869  ;  they  were  suspended  in  part  of 
the  city  in  November  1881,  and  in  the  entire  city  in  March  1883.  The 
following  figures  show  the  results  of  this  change  : — 


Cases  of  Venereal  Diseases. — 

Piatio  jper  Cent,  of  Garrison. 

Teax 

Primary  syphilis 

Venereal  of  all  kinds 

1868 

10-0 

25-06 

1869 

9-0 

25-08 

1870 

6-0 

14-4 

1871 

2-7 

8-1  New  regiment 

1872 

5-7 

13-9 

1873 

1-4 

7-4 

1874 

1-4 

9-4  New  TP^mcnt 

1875 

1-3 

10-3     „ 

1876 

2-3 

12-6     „ 

1877 

4-3 

10-7 

1878 

4-0 

11-7  New  regiment  and  drafts 

1879 

2-7 

9-3 

1880 

1-7 

12-8  New  regiment 

1881 

3-1 

8-7 

1882 

3-7 

14-5  New  regiment 

1883 

10-9 

28-0 

1884 

30-2 

58-1  New  regiment 

1885 

15-1 

31-6     „ 

From  these  figures  it  is  apparent  that  syphilitic  disease  had  sunk  from  a 
high  ratio,  10  per  cent,  in  1869,  to  a  low  one,  1"7  per  cent,  in  1880,  and  for 
two  years  it  had  only  been  1*4.  In  1883  it  rose  to  11  per  cent.,  and  in  1884 
to  30  per  cent.,  while  58  per  cent,  of  the  garrison  were  admitted  to  hospital 
for  one  form  or  other  of  venereal  disease. 

'  Blue  Book,  East  India  (Contagious  Diseases),  1888,  p.  64. 
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DISPOSAL   OF   THE   DEAD 


What  shall  be  done  with  a  man  s  body  after  death  ?  is  a  question  which 
rather  concerns  those  who  come  after  him  than  himself.  As  individuals,  we 
seldom  think  about  the  matter.  Collectively,  we  are  apt  to  fall  into  the 
same  indifference.  The  world  at  large  leaves  the  consideration  of  it  to 
executors,  priests,  and  undertakers.  In  this  respect  sanitarians,  as  a  class, 
are  much  like  other  men.  Due  attention,  ample  discussion,  and  endless 
writing  have  been  given  to  the  most  heterogeneous  subjects,  from  the  equip- 
ment of  armies  to  the  bottles  of  babies,  from  the  draining  of  palaces  to  the 
analysis  of  pickles,  from  the  diseases  of  artisans  to  the  games  of  schoolboys ; 
and  having  succeeded  in  the  nineteenth  century  in  accomplishing  what  the 
Romans  did  in  the  infancy  of  their  republic,  we  have  complacently  folded 
our  hands,  while  the  evils,  which  they  only  shifted,  grow  again  and  become 
as  threatening  as  ever.  The  fact  that  in  the  standard  work  of  Parkes  '  the 
disposal  of  the  dead  '  occupies  only  four  pages,  out  of  a  total  of  470,  is  enough 
to  show  demonstratively  the  proportion  of  consideration  which  this  branch 
of  sanitary  science  has  attracted. 

It  is,  however,  a  subject  which  the  increase  of  population,  the  demand 
for  living  space  and  bread  production,  together  with  the  results  of  bacterial 
investigation,  must  force  into  a  conspicuous  place  on  the  list  of  sanitary 
corrigenda.  The  apathy  of  the  public  must  be  aroused  by  scientific  activity, 
and  a  solution  found  which,  without  violating  sentiment,  will  give  security 
to  life  and  health. 

All  organised  beings  are  in  a  state  of  perpetual  transformation.  It  has 
been  so  from  the  beginning,  and  will  go  on  so  to  the  end.  The  atoms  only, 
of  which  they  are  composed,  are  unchangeable.  They  alone  never  lose  their 
identity,  and  as  there  is  neither  annihilation  nor  new  creation  of  them,  each 
in  turn  '  plays  many  parts.'  Those  atoms  which  make  up  the  existing 
generation  have  been  part  and  parcel  of  the  generations  that  have  gone 
before,  and  will,  in  future,  take  their  places  in  similar  evolutions  of  formation 
and  destruction.  One  generation  is  not  only  the  successor  of  another,  but  is 
as  well  its  material  inheritor. 

The  compounds  of  which  the  various  structures  consist  are  not  at  any 
two  successive  moments  the  same.  They  are  always  in  a  state  of  demolition 
and  repair.  The  processes  of  synthesis  and  analysis  go  on  simultaneously, 
so  long  as  life  continues.  One  atom  is  removed,  another  substituted,  and 
the  substance  remains.  When  that  principle  which  animates  a  living  thing 
declines  or  ceases,  destruction  begins.  If  it  decline  only,  there  is  deteriora- 
tion. When  it  ceases,  as  is  the  inevitable  end,  accumulation  stops,  and  the 
material  that  is  becomes  subject  to  the  ordinary  laws  of  matter.  Chemical 
reaction  prevails,  bacterial  and  cryptogamic  agency  precipitates  the  changes, 
and  the  atomic  particles,  set  free  to  enter  into  new  combinations,  wait  their 
turn  to  be  appropriated  by  a  fresh  series  of  living  beings. 

From  age  to  age  the  earth  is  covered  with  fresh  vegetation,  and  peopled 
with  ephemeral  creatures.  Each  generation  has  the  same  destiny.  All  have 
the  same  needs,  develop   the   same  propensities,  and  fulfil   the   functions 
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assigned  to  them  in  devouring  each  other,  or  being  devoured,  and  thus  pre- 
paring the  materials  for  the  organisation  of  that  which  is  to  replace  them. 
When  they  fall  short  of  that  purpose,  chemical  affinities  supply  the  want 
and  complete  the  process.  Life  alone,  whatever  that  may  be,  is  never  inter- 
rupted. Passing  from  one  incorporation  to  another,  its  mode  of  manifestation 
only  varies.  The  many  forms  of  vegetable  hfe  absorb  the  exhalations  and 
exuviffi  of  animals.  They  flourish,  and  in  time  become  the  sustenance  of 
other  beings,  or  perish  by  accident.  Sometimes  the  species  of  a  rival  kingdom 
browse  upon  their  tender  parts,  sometimes  kindred  fungi  consume  their 
harder  structures,  sometimes  ravaging  fire  dissipates  their  Hghter  elements 
upon  the  winds  of  heaven,  and  leaves  the  black  carbon  on  the  earth  in 
readiness  for  other  changes.  By  some  means  or  other,  and  at  some  time  or 
other,  all  vanish.  Even  the  cedars  of  Lebanon  are  not  eternal,  and  petrifac- 
tions are  but  briefly  monumental.  La  their  turn  the  elephant  that  has 
stripped  the  trees  of  the  forest,  and  the  ox  that  has  ruminated  on  the  herbs 
■of  the  prairie,  fall  the  prey  of  the  wild  beast,  and  pass  through  the  alembic 
of  his  system  into  the  form  of  appropriable  matter.  The  mighty  frame  of 
the  tiger  succumbs,  as  readily  as  the  softest  mollusc,  to  the  irresistible  trans- 
muting power  of  the  invisible  bacteridium.  Man  himself,  in  his  omnivorous 
supremacy,  is  no  exception  to  the  universal  rule.  Li  his  material  aspect  he 
does  as  the  rest  of  creation  does.  He  lives  to  eat  and  destroy,  as  much  as  he 
eats  to  live.  La  Hfe  he  is  tenant  at  will  of  a  variable  proportion  of  organis- 
able  matter ;  in  death  he  ought  to  render  it  back  into  the  common  stock  for 
the  use  of  others,  without  in  any  way  barring  the  succession.  If  he  interfere 
artificially  with  the  natural  course  of  events  among  the  elements  of  his 
mortal  covering,  either  retarding  development  or  impeding  dispersion,  it  is 
an  act  of  vicious  perversity.  It  is  his  privilege,  if  he  choose  to  use  it,  to 
improve  the  one  and  to  accelerate  the  other.  We  shall  see  how  he  falls 
short  of  this.  Civilised  he  is  synthetically  but  a  bungler  ;  analytically,  his 
interference  has  been  almost  criminal. 

Survival  of  old  Burial  Customs 

Given  corresponding  circumstances  of  savage  life,  man  is  much  the  same 
at  the  present  day  that  he  was  in  the  most  primitive  times.  According  to 
chmate  and  situation  he  seeks  his  means  of  existence  from  the  trees,  herbs, 
and  fruits  that  grow  about  him,  by  the  chase  and  by  fishing.  He  constructs 
his  habitation  in  the  same  simple  fashion.  He  has  the  same  quahties  and 
the  same  defects,  and  his  social  Life  is  filled  only  with  the  most  material 
interests.  He  dies  with  the  vaguest  hopes  of  something  better  than  his 
present  experience,  and  his  carcase  meets  with  httle  more  consideration 
from  his  fellows  than  any  other  mass  of  putridity.  Eespect  for  mortal 
remains  is  not  a  characteristic.  Indifferent  about  the  presence  of  a  recent 
corpse,  he  spurns  it  when  it  becomes  offensive.  Without  sentiment,  he 
relieves  his  feeling  of  embarrassment  by  getting  rid  of  an  encumbrance.  The 
ways  and  means  of  doing  this  are  determined  by  his  surroimdings.  From 
this  circumstance  we  may  trace  a  cvirious  series  of  survivals  of  usages  in  the 
deahng  with  the  dead  almost  identical  throughout  all  known  time. 

The  Syrcanians  abandoned  their  dead  to  wild  dogs ;  the  Kamschatdales 
keep  special  dogs  for  devouring  their  dead.  Some  Kaffir  tribes  remove  the 
dead  to  spots  iu  the  bush  in  order  that  they  may  be  eaten  by  animals,  fol- 
lowing ia  this  the  practice  of  some  of  the  ancient  Asiatics.  Among  the 
Scythians  the  dead  body  was  sewn  up  in  skins  of  animals  and  suspended 
from  branches  of  trees.  Some  of  the  North  American  tribes  have  a  similar 
custom.     They  envelop  the  corpse  in  a  bufl'alo  hide  and  place  it  on  a  plat- 
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form,  constructed  upon  the  top  of  tall  poles.  The  natives  of  some  parts  of 
Australia  cover  over  the  body  with  leaves  and  grapes,  and  either  lift  it  into  the 
fork  of  a  tree,  and  lash  it  to  the  boughs,  or  elevate  it  upon  poles.  The 
Parsees,  as  far  back  as  there  are  any  traces  of  their  habits,  exposed  their 
dead  upon  high  gratings  to  be  eaten  by  vultures.  The  natives  of  some 
parts  of  India,  to  this  day,  carry  the  body  to  the  top  of  a  hUl  and  place  it 
upon  a  stone  slab,  returning  to  take  it  away  when  the  bones  are  picked  clean. 
The  ancient  inhabitants  of  the  banks  of  the  Persian  Gulf  threw  the  body 
into  the  sea.  A  similar  custom  holds  still  among  some  American  aborigines, 
who  lay  the  dead  body  in  a  canoe,  and  launch  it  on  a  stream  or  lake  away 
from  their  dwellings.  Burials  and  burnings  were  both  practised  in  some 
form  in  the  very  earliest  ages.  The  same  thing  happens  among  all  the 
savage  peoples  discovered  in  recent  times — in  North  America,  Australia,  and 
the  islands  of  the  Pacific. 

Such  burials  among  the  purely  animal  man  were  but  the  expression  of 
an  instinct  of  savage  nature,  which,  from  fear  of  the  inanimate  mass,  or 
from  a  desire  to  hide  it,  or  to  secure  themselves  from  being  haunted  by  it, 
or  simply  to  rid  themselves  of  a  nuisance,  led  them  to  cover  it  with  tree- 
branches,  earth,  or  stones.  The  gorilla,  which  lives  in  small  troops,  one 
male  with  a  few  females  and  their  offspring,  does  the  same.  He  lays  boughs 
or  withered  wood  upon  the  carcase  and  leaves  it.  Wandering  from  place  to 
place,  and  sheltering  in  caves  without  implements  to  build  or  trench  the 
earth  deeply,  prehistoric  man,  whose  dim  unwritten  story  begins  to  shadow 
forth  behmd  that  of  the  first  historic  man,  could  do  no  more  than  the 
gorilla,  and  gave  us  the  prototype  of  all  subsequent  interments. 

Cave  Burials 

Later  on,  when  men  had  grouped  together  and  become  accustomed  to 
live  in  tents,  on  the  plains,  at  the  seaside,  or  in  their  lacustrian  constructions 
or  fortified  camps,  the  ancient  cave  homes  were  deserted  and  put  to  a  new 
use.  They  were  made  to  serve  as  depositories  for  the  dead.  In  their  natural 
state  these  caves  would  not  hold  great  numbers  or  be  serviceable  for  any 
long  time.  The  massed  bodies  became  insupportable  pests.  The  wise  man 
of  the  tribe,  the  priest-medicine-man,  took  charge  of  the  rites  of  sepulture. 
In  order  to  lessen  the  stench  and  allow  of  entrance  for  some  new  burial,  he 
lighted  large  fires  before  the  mouth  of  the  cave,  throwing  in  brands  and 
partially  burning  what  was  therein.  Here  we  get  the  origin  of  cremation  as 
a  means  of  sanitary  purification. 

Sepulture  in  the  Stone  Age 

Tomb  caves  are  comparatively  rare.  Several  have  been  found  in  Poland. 
Those  known  in  France  number  between  seventy  and  eighty.  The  most 
interesting  are  some  in  the  department  of  the  Lozere,  carefuUy  examined  by 
Dr.  Pruni^res.  That  at  St.  Pierre-des-Tripies  had  its  opening  closed  by  a 
pile  of  loose  stones.  A  thick  layer  of  ashes  and  burnt  wood  was  lying  on 
the  platform  before  the  entrance,  and  there  it  ceased  abruptly.  The  relics  of 
more  than  three  hundred  bodies  were  gathered  up,  some  of  the  bones  showing 
traces  of  the  action  of  fire.  They  had  been  thrown  confusedly  towards  the 
upper  end  of  the  chamber.  The  skulls  only  were  ranged  along  the  sides,  and 
some  of  them  had  flint  arrow-points  stiU  fixed  in  the  bone.  Cinders  and 
charcoal  were  mixed  up  with  the  human  remains.  It  was  here  that  Dr.  Pru- 
nieres  first  saw  skulls  that  had  been  trephined,  with  the  holes  cicatrised. 

In  those  parts  of  France  and  of  other  countries  where,  from  the  geological 
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conformation,  there  were  no  natural  caves,  subterranean  excavations  were 
used  both  for  sepulture  and  habitation.  In  Africa  this  practice  lasted  even 
after  metals  were  employed  ;  and  in  the  Canaries  the  people  sometimes 
used  the  artificial  caves  for  dwellings,  while  they  buried  their  dead  in  those 
that  they  found  in  the  rocks. 

One  hundred  and  twenty  of  these  caves  have  been  discovered  in  the 
department  of  the  Maine,  distributed  in  groups.  They  are  for  the  most  part 
narrow  passages,  cut  out  of  the  soft  chalk  at  the  sides  of  a  valley,  with  a 
larger  cleared  space  before  the  mouth  of  the  crypt.  One  individual  has 
examined  more  than  two  hundred  bodies  taken  from  them.  They  were  not 
covered  up,  but  had  been  laid  upon  the  soil  or  upon  flat  stones,  which  show 
that  they  had  been  exposed  to  great  heat.  Calcined  bones  and  ashes,  mixed 
together,  were  sometimes  seen  lying  by  the  side  of  a  skeleton  that  had  not 
been  disturbed.  Small  cutting  flints  had  been  thrust  into  some  of  the 
lumbar  vertebrae.  It  is  supposed  that  these  must  have  been  the  victims  of 
human  sacrifice  at  the  death  of  great  personages.  Imperfect  gravings  of  the 
female  form  on  the  side  waUs,  apparently  intended  to  represent  some  divinity, 
are  among  the  most  interesting  disclosures  of  these  caves.  In  one  cave  near 
Montereau,  which  contained  more  than  two  hundred  skeletons,  it  was  evident 
that  the  bones  of  one  generation  had  been  removed  to  the  upper  end  to  make 
room  for  other  bodies. 

Near  Aries  the  excavations  took  the  form  of  a  long  oval  trench,  wider  at 
the  bottom  than  the  top,  which  was  closed  in  with  flat  stones  and  earth. 
The  sides  were  carefully  worked,  and  the  largest  diameter  was  as  much  as 
forty-five  yards. 

In  other  places,  and,  no  doubt,  at  a  later  period,  the  caves,  of  a  hemi- 
spherical form,  with  a  narrow  neck-like  opening,  were  sunk  in  the  chalky 
soil.  In  one  of  these  bottle-shaped  holes  there  were  some  forty  male  and 
female  skeletons,  with  remains  of  children,  all  arranged  in  a  sitting  posture 
on  the  floor,  with  the  faces  turned  towards  the  south.  Similar  weU-shaped 
tombs  have  been  met  with  in  Algeria  and  Moravia. 

The  only  known  instance  of  a  built-up  tomb  of  this  period  is  that  at  Mont 
Vaudois.  It  is  a  sort  of  hollow  wall,  in  the  thickness  of  which  twenty  skele- 
tons were  found.  A  few  of  them  were  in  rough  stone  cases,  with  specimens 
of  bone  tools,  poHshed  hatchets,  and  black  pottery  without  ornament ;  the 
structure  had  been  gradually  enlarged  as  room  was  wanted  for  fresh  bodies. 
Fragments  of  coal  and  parts  of  animals  were  mixed  up  with  the  human 
remains.     One  skeleton — that  of  a  young  girl — showed  marks  of  burning. 

The  caverns  in  the  Devonian,  Carboniferous,  and  Magnesian  limestone  of 
England  have  yielded  abundant  relics  of  prehistoric  fauna,  associated  with 
traces  of  Palasolithic  man.  Sir  Eichard  Owen  has  enumerated  thirty- seven 
species  of  mammalian  found  in  them,  of  which  eighteen  appear  to  be  extinct. 
In  the  later  stone  age  the  only  form  which  survived  (and  that  is  now  extinct) 
was  the  Irish  elk.  There  are  in  these  caves  the  bones  of  some  wild  beasts 
at  present  retired  to  other  countries,  and  with  them  those  of  domestic  forms 
which  were  not  part  of  the  indigenous  fauna  of  Europe.  The  appearance  of 
the  remains  of  the  dog,  sheep,  goat,  horse,  and  other  well-known  animals 
furnishes  us  with  the  inference  that  they  must  have  been  introduced  by 
tribes  migrating  from  Central  Asia  into  Europe.  The  occurrence  of  rude 
flint  instruments  in  the  lower  deposits  on  the  floor  of  these  caves,  and  of  a 
more  finished  kind  in  the  overlying  deposits,  demonstrates  that  they  were 
continuously  tenanted  by  an  improved  race  of  man.  But  in  England  human 
remains  of  this  period  are  very  rare. 

In  Switzerland  and  Northern  Europe,  though  the  midden-heaps  and  lake 
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beds  reveal  an  enormous  quantity  of  material  once  in  domestic  use,  it  is  the 
same  as  with  England.  Of  Neolithic  man  himself  there  is  but  little  left,  or, 
perhaps,  research  has  not  been  carried  out  with  the  same  perseverance. 
Prehistoric  deposits  are  essentially  the  same  on  both  sides  of  the  Atlantic. 
But  the  younger  alluvia  of  the  American  river  valleys  and  lakes,  though 
they  no  doubt  claim  a  high  antiquity,  have  not  supplied  the  same  copious 
evidence  of  early  man,  which  gives  so  much  interest  to  the  corresponding 
European  formations. 

So  man,  in  his  original  state,  did  as  other  animals  do.  He  deserted  his 
dead  companions,  and  left  their  remains  to  be  disposed  of  by  a  beneficent 
Nature.  When  influenced  by  the  most  elementary  ideas  of  social  life,  and 
possessed  of  the  rudest  contrivances  of  self-help,  he  took  advantage  of  the 
means  at  his  command  of  hiding  away  his  dead,  or  of  cutting  out  hiding- 
places  for  them,  sometimes  using  fire  to  complete  his  work.  But  the  con- 
tents of  these  caves  and  wells  do  not  account  for  the  whole  of  the  population. 
No  doubt  we  see  in  them  only  an  expansion  of  the  primary  idea  of  inter- 
ment applied  to  leading  families.  As  to  the  insignificant  multitude,  we  can 
only  suppose  them  to  have  had  the  common  lot  of  a  shallow  hole  and  a  few 
handfuls  of  soil.     The  earth  has  left  no  trace  of  their  mortality. 

Certainly,  in  the  second  part  of  the  Stone  Age  the  most  common  mode 
of  sepulture  was  that  of  dolmens,  or,  where  the  stone  necessary  for  such 
monuments  was  not  to  be  had,  it  was  in  barrows.  So  extended  was  this 
■custom  that  they  are  spread  over  more  than  one  continent,  and  may  be  seen 
along  the  shores  from  the  Baltic  to  Morocco ;  also  in  Asia  and  in  South 
America.  Two  thousand  three  hundred  of  them  have  been  counted  in 
France  alone.  Their  use  lasted  in  England  and  France  after  the  introduction 
of  bronze,  and  in  Africa  after  that  of  iron. 

The  simplest  form  of  dolmen  was  that  of  three  or  four  upright  slabs  of 
stone,  fixed  in  the  ground,  and  supporting  another  block  upon  their  upper 
ends.  This  group  of  stones  formed  a  cavity  just  large  enough  to  contain  a 
human  body  in  a  sitting  position  or  doubled  upon  itself.  The  whole  was 
loaded  over  with  earth  and  sods,  so  as  to  raise  up  a  hillock,  which  has 
generally  been  washed  or  worn  away.  Such  one-celled  dolmens  admitted  of 
being  greatly  enlarged.  Constructed  in  the  same  manner,  and  of  the  same 
materials,  some  have  a  measurement  of  200  yards  in  circumference.  Others 
were  elongated,  divided  into  compartments,  and  ended  in  a  spacious  chamber, 
covered  in  with  an  enormous  block  of  granite. 

These  funereal  mounds  are  common  in  England.  Composed  only  of 
stones,  they  are  called  cairns.  Barrows  are  earth  mounds  piled  up  over  a 
stone  chamber,  with  or  without  a  covered  passage  leading  to  it.  The  round 
or  oval  barrows  are  of  a  date  as  late  as  that  of  the  use  of  metal  implements. 
Peru  and  Denmark  have  dolmens  with  the  same  characters  as  those  of 
France  and  England.  Italy  has  only  one  group  of  them,  at  Salurnia.  They 
abound  in  the  Crimea  and  Palestine. 

Till  recently  it  was  unknown  what  was  done  with  their  dead  by  the 
Swiss  lake  dwellers.  Dr.  Gross  has,  however,  found  on  the  borders  of  the 
lake  of  Neufchatel  a  large  construction  of  the  dolmen  type,  made  up  of  great 
stones,  and  comprising  several  chambers.  About  twenty  bodies  had  been 
buried  in  them,  in  the  usual  sitting  posture.  The  skulls  resembled  exactly 
those  known  to  have  belonged  to  inhabitants  of  the  lake  houses.  All  the 
indications  are  that  it  was  a  production  of  the  period  of  transition  from  the 
age  of  polished  stone  to  that  of  bronze. 

Everywhere  the  body  has  been  arranged  in  the  sitting  or  bent  posture, 
■with  the  feet  touching  the  buttocks,  the  thighs  pressing  the  arms  against 
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the  belly  and  chest,  and  the  head  resting  upon  the  knees.  It  is  generally 
found  to  have  been  placed  upon  a  layer  of  flints  spread  over  the  floor  of  the 
chamber,  and  showing  that  they  have  been  greatly  heated.  There  was,  how- 
ever, no  sign  of  cremation.  The  fires  seem  to  have  been  lighted  for  the 
purposes  of  fumigation.  Some  of  the  compartments  were  only  large  enough 
for  one  body,  but  in  such  case  the  remains  of  the  first  or  second  occupant 
have  been  displaced  to  make  room  for  a  successor.  When  this  has  happened, 
the  bones  of  the  last  body  only  are  in  the  orthodox  position :  the  rest  are 
scattered  about  without  any  attention  to  order. 

Sepultukb  in  the  Age  op  Bronze 

It  is  estimated  that  it  was  about  four  thousand  years  before  our  era  when 
what  is  called  the  Age  of  Bronze,  with  its  advance  of  civilisation,  superseded 
that  of  polished  stone.  The  metal  made  its  appearance  in  Europe  with  some 
Aryan  immigrants  from  the  East.  During  its  early  stages  the  inhabitants 
kept  up  their  custom  of  burying  in  dolmens  and  barrows.  But  either  from 
imitation  or  from  hygienic  necessity,  fire  was  brought  into  more  general  us& 
as  a  purificator.  In  the  chamber  of  some  tombs  the  skeleton  has  been  found 
calcined,  and  lying  on  a  bed  of  cinders.  The  body  has  been  burnt  on  the  spot. 
In  others  the  ashes  have  been  collected  and  shut  up  in  receptacles  cut  out  of 
stone,  or  in  vessels  of  the  pottery  characteristic  of  the  period.  Every  now 
and  then  the  ashes  were  seen  heaped  on  one  side  of  the  compartment,  and 
covered  with  gravel. 

The  Bronze  Age  began  later  in  Denmark  than  elsewhere,  and  lasted  longer. 
The  stone  chambers  of  some  of  the  dolmens  have  been  reduced  to  the  size  of 
large  coffins,  and  the  bones  in  them  were  resting  on  a  bed  of  burnt  flints.  It 
was  at  this  time  that  the  trunks  of  oak  trees,  hollowed  out,  began  to  be  used 
\  as  coffins.  In  those  examined  the  human  remains  had  almost  disappeared, 
^  but  the  vestments  had  not  been  destroyed.  The  bodies  had  been  buried  in 
the  dresses  which  they  were  in  the  habit  of  wearing.  The  legs  had  on 
bandages  instead  of  trousers,  and  there  was  a  sort  of  woollen  skirt,  mantle,  and 
cap.  Besides  this  clothing  the  coffins  contained  bronze  swords  in  wooden 
sheaths,  knives  in  bronze,  wooden  cups,  and  in  one  instance  an  arrow  point 
of  flint.  Skins,  mostly  of  the  ox,  were  occasionally  stretched  out  at  one 
end  of  the  chamber.  In  the  course  of  time  these  burials  were  given  up,  and 
the  bodies  were  burnt.  As  had  been  done  with  the  body,  so  it  was  with  the 
bony  residue.  Part  of  the  old  usage  held  its  own  with  the  people,  and  the 
ashes  were  wrapped  up  in  pieces  of  woollen  stufi^.  This  custom  was  abandoned 
in  its  turn,  and  urns  took  the  place  of  cloth. 

The  divisions  of  the  Age  of  Bronze  into  two  periods  was  well  marked  by 
the  transition  from  burial  of  the  dead  to  the  practice  of  burning.  In  Denmark 
tombs  of  this  age  are  very  numerous.  Those  showing  the  prevalence  of 
burning  are  the  most  frequent.  The  same  may  be  said  of  Norway,  Sweden, 
and  the  tract  of  country  now  Germany.  The  process  of  burning  did  not. 
make  such  quick  progress  in  England,  except  in  one  of  the  northern  districts. 
Eolleston  says  that  in  some  of  the  barrows  several  bodies  had  been  laid  out 
in  the  long  axis,  upon  stones,  loaded  with  wood  and  grass.  All  were  con- 
sumed together.  The  custom  in  Eussia  was  to  burn  the  bodies  outside  the 
tomb.  Burial  took  place  afterwards.  Not  far  from  the  Lake  of  Lugano 
earthen  vessels  enclosing  ashes,  burnt  bones,  and  bronze  implements  have 
been  taken  out  of  a  cluster  of  eight  cairns,  each  built  up  of  six  unwrought 
stones,  four  for  the  sides  and  two  for  the  floor  and  roof.  Similar  tombs  and 
contents  have  been  discovered  in  other  parts  of  Italy.  The  burning  of  bodies 
had  become  a  general  custom  of  this  period.     Yet  there  is  no  evidence  as  ta 
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the  valley  of  the  Ehone.  Barrows  and  dolmens  are  very  rarely  met  with  in 
that  country  ;  yet  throughout  the  time  in  question  it  was  thickly  peopled. 
It  is  surmised  that  after  incineration  the  ashes  were  thrown  upon  the  water, 
as  in  India.  Probably  the  same  custom  prevailed  among  the  lake  populations 
of  Switzerland.  We  may  in  this  way  account  for  our  ignorance  of  their  mode 
of  dealing  with  the  dead. 

Sepultube  in  the  Age  of  Ieon 

With  further  appliances  available  for  the  purposes  of  every-day  life,  and 
with  a  step  forward  in  the  progress  of  civilisation,  we  meet  with  what  some 
would  now  call  a  retrograde  movement  in  regard  to  the  disposal  of  the  dead. 
Iron  was  known  in  Egypt  under  its  earliest  recognised  dynasties,  and  was 
the  secret  of  their  success  in  the  marvellous  undertakings  which  now  excite 
our  surprise  and  admiration.  About  the  fifteenth  century  before  our  era  the 
priest-king  Eameses  II.,  the  Sesostris  of  the  Greeks,  was  engaged  in  repel- 
ling an  attack  upon  his  dominions  by  Etruscans  and  other  enemies  from  the 
Mediterranean  coasts.  In  the  retreat  of  these  aggressors  they  took  back  with 
them  iron  and  the  knowledge  of  its  employment.  From  them  it  spread  over 
Europe,  passing  from  Italy  and  Greece  to  the  country  lying  north  of  the 
Carnic  Alps.  It  began  to  be  common  in  Gaul  about  the  eighth  century 
before  Christ,  and  several  hundred  years  later  in  the  north  of  Europe.  In 
all  these  countries  the  practice  of  burning  the  dead  lasted  till  what  is  called 
the  Iron  Age  set  in,  and  even  then  the  custom  was  slow  in  losing  its  hold 
among  the  rich.  But  everywhere,  as  iron  came  into  use,  inhumation  took  its 
place  besides  burning,  probably  from  the  increased  power  in  the  hands  of 
men  using  efficient  tools  and  partly  also  as  a  matter  of  economy ;  for  when 
wood  was  the  only  fuel  its  provision  for  the  pile  was  always  a  costly  and 
laborious  business. 

The  second  part  of  the  Iron  Age  is  distinctly  characterised  in  Italy  by  the 
appearance  of  cemeteries.  Several  cemeteries  in  the  neighbourhood  of 
Bologna,  the  antiquity  of  which  is  defined  by  the  objects  preserved  in  them, 
afford  evidence  of  a  small  proportion  of  simple  inhumations  compared  with 
the  incinerations.  But  the  size  of  these  plots  of  ground  is  in  itself  a  proof  of 
the  purpose  for  which  they  were  wanted.  One  at  Marzabotto  is  700  yards 
long  and  300  wide,  and  contains  examples  of  various  modes  of  burial.  There 
are  quadrangular  cases,  built  up  in  the  earth,  of  stones  adjusted  without  any 
intermediate  substance.  The  remains  in  them  have  been  burnt.  In  some 
excavated  pits  of  a  conical  form,  enlarging  downwards  and  lined  with  stone, 
skeletons  not  burned  have  been  buried  in  considerable  numbers.  Ashes  are 
there,  too,  but  no  trace  of  combustion.  In  crypts  of  another  form  some  of 
the  bodies  seem  to  have  been  partially  burnt,  while  others  were  untouched 
by  fire.  Thirty  tumuli  upon  the  adjacent  plain  only  famished  three  cinerary 
urns,  while  simple  burial  in  them  was  almost  uniform. 

At  Certosa,  where  there  are  also  Etruscan  inscriptions,  there  were  many 
more  burials  (either  in  the  earth  or  in  wooden  cases)  than  burnings  ;  and 
in  all  the  tumuli— meaning  by  that  term  earth  mounds  without  chambers  or 
galleries — inhumation  is  the  usual  mode  of  sepulture.  It  is  not  difficult  to 
follow  out  corresponding  changes  in  other  countries.  Their  cemeteries 
illustrate  not  only  the  condition  of  the  people,  but  as  well  the  universal  senti- 
ments, and  sometimes  the  eccentricities,  which  find  expression  in  the  mode 
of  dealing  with  the  dead — honour  for  the  brave,  family  affection,  servility 
for  the  rich,  contempt  for  the  poor.  There  were  always  the  ostentatious, 
who  wished  for  distinction  even  in  the  tomb  ;  and  dissentients,  who  were  not 
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satisfied  with  the  '  existing  state  of  things.'  But  all  prove  one  point — ^that 
fire,  ashes,  and  charcoal  were  looked  upon  as  the  most  certain  means  of 
lessening  the  nauseousness  of  putrid  emanations,  and  that  there  was  no 
-natural  repugnance  to  the  committing  of  a  body  to  the  flames. 

Thus  in  the  extensive  burying-ground  at  Hallstadt,  near  Salzburg,  out  of 
B>  thousand  interments,  it  was  found  that  nearly  half  of  the  bodies  had  been 
burnt.  The  burning  has  been  effected  away  from  the  tombs,  and  without 
removal  of  the  things  the  people  were  in  the  habit  of  wearing.  Signs  of 
the  action  ot  fire  were  visible  upon  bracelets,  still  encircling  the  bones. 
Some  of  these  remams  were  found  in  the  earth,  others  had  been  placed  upon 
flat  stones,  and  a  few  were  enclosed  in  unbaked  vessels.  Three  bronze  pots 
had  been  used  for  the  same  purpose.  When  the  bodies  had  not  been  burnt 
they  were  laid  in  narrow  pits,  generally  singly,  and  at  a  depth  of  rather 
more  than  three  feet.  The  position  varied.  The  most  common  was  that  on 
the  back,  with  the  arms  at  the  sides,  or  crossed  on  the  chest,  or  passing 
round  the  head.  In  some  cases  the  body  was  lying  on  the  side,  the  knees 
drawn  up,  and  the  head  resting  on  the  arm  as  in  sleep.  Only  nine  colfins 
could  be  recognised,  but  some  of  the  bodies  of  a  richer  class  were  overlaid 
with  stones,  regularly  disposed.  The  interments  were  for  the  most  part 
single.  In  some  graves,  however,  two  skeletons  have  been  disclosed,  either 
enlacing  each  other  with  then-  arms,  or  bound  together  by  a  waistband  of 
beaten  bronze.  Among  the  other  tombs  are  some  with  as  many  as  four 
skeletons.  They  are  totally  destitute  of  ornaments,  arms,  or  utensils.  Such 
must  have  been  the  common  graves  of  the  poor. 

In  Hanover,  Belgium,  and  Denmark  incineration  was  for  a  long  time 
general.  It  gave  way  at  last  to  burial,  and  oak-trunk  coffins  became 
the  peculiarity  of  Danish  grounds.  In  certain  localities  cinerary  urns  re- 
appeared towards  the  end  of  this  age.  The  Gaulish  cemeteries  prove  that, 
at  various  times,  and  at  various  places,  the  practice  was  shifting,  and  subject 
to  capricious  alternations.  Cemeteries  by  degrees  grew  into  greater  popu- 
larity than  the  tumuh.  In  both,  ashes  and  whole  skeletons  have  found  a 
resting  place  together.  The  graves  are  very  shallow,  and  contain  one  body, 
often  mth  clothes  and  all  accoutrements,  but  uncoffined.  It  was  in  a  few  of 
them  that  coins  were  first  found. 

In  a  tumulus  at  Meuley,  in  the  Cote-d'Or,  this  significant  fact  was 
observed.  A  body  with  all  the  indications  of  this  age,  surrounded  by  seven 
unwrought  stones,  overlaid  a  burial  of  mcineration,  which  had  in  it  none 
other  than  bronze  objects.  And  at  Waldhausen,  in  Pomerania,  a  still  more 
curious  discovery  has  been  made.  The  first  skeleton  met  with  in  opening  a 
tumulus  was  simply  laid  in  the  earth,  with  pottery  and  objects  made  of  iron 
quite  rusted.  Beneath  it  were  several  cases  of  stone,  each  holding  an  urn 
filled  with  calcined  bones  and  bronzes.  Below  all  the  searchers  came  upon 
blocks  of  rock  covering  human  remains,  flint  hatchets,  and  the  rudest  kind 
of  earthen  vessels. 

Thus,  for  some  thousands  of  years,  the  same  spot  had  been  made  use  of 
for  burial  purposes  by  a  series  of  generations  of  human  beings,  perhaps  races 
some  as  far  as  possible  from  ci\alisation,  and  all,  though  making  progress 
step  by  step,  ignorant,  and  the  mere  creatures  of  instinct  and  impulse.  Yet 
there  had  been  no  desecration.  But,  age  after  age,  as  additions  were  made 
to  the  perishing  accumulation,  each  successor  observed  his  own  rites,  acted 
after  the  fashion  of  his  time,  and  respected  what  had  been  done  so  long 
before  him  in  the  same  spirit  and  under  the  same  exigency. 
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Egyptian  Bubial  Customs 


Nothing  at  present  is  known  to  discredit  the  opinion  that  Egypt  was  the 
precursor  of  every  other  nation  in  the  civiHsation  of  its  people.  Whether 
we  accept  the  longer  or  shorter  estimate  of  the  time  at  which  the  earhest  of 
the  Memphite  dynasties  were  its  rulers,  we  still  are  dealing  with  a  period 
coeval  with  that  of  the  ages  of  stone  and  bronze  in  Europe.  There  may  have 
been  a  Flint  Age  in  Egypt.  Flint  instruments  have  been  found  in  Theban 
tombs  and  mummy  cases,  but  the  tombs  and  cases  themselves,  and  the  marks 
of  high  refinement  in  the  other  contents,  prove  that  that  age  has  long 
passed  away.  All  traces  of  its  first  barbarous  condition  are  lost,  and  in 
speaking  of  the  most  ancient  monuments  of  Egypt  we  have  to  think  of  a 
country  where  knowledge  was  advanced,  where  the  conveniences  of  life  were 
ample,  where  religious  ideas  influenced  man's  action,  and  of  which  we  have 
more  definite  information  than  can  be  gathered  from  the  exploration  of  cairns, 
tumuli,  and  cemeteries.  The  history  of  its  domestic,  religious,  and  mortuary 
customs  is  plainly  written  on  the  walls  of  the  mastaba  and  pyramids  of  the 
first  empire,  the  subterranean  tombs  of  Abydos,  the  funeral  temples  of  its 
highest  stage  of  development,  and  in  the  documents  and  paintings  which 
they  have  yielded  up  for  our  investigation. 

In  many  hot  and  dry  climates  the  dead  body,  if  exposed  to  sun  and  wind, 
dries  up  rapidly  without  putrefaction.  This  is  especially  the  case  in  Egypt. 
There  is  here  the  clue  to  all  the  peculiarities  of  the  art  of  the  Egyptian 
embalmer.  Without  the  Egyptian  climate  there  would  have  been  no  em- 
balming. The  native  Egyptian  had  more  than  a  common  horror  of  decay : 
it  contravened  all  his  notions  of  the  destiny  of  his  body.  He  prayed  that  he 
might  not  be  eaten  up  by  the  earth.  His  earliest  effort  at  preservation  was 
hy  drying,  in  which  Nature  both  prompted  and  aided  him. 

On  the  left  bank  of  the  Nile  is  the  plain  of  Sakkarah,  which  stretches 
from  Memphis  to  the  edge  of  the  desert.  It  has  a  substratum  of  tender  lime- 
stone, upon  which  is  a  layer  of  sand,  varying  in  depth  from  some  yards  over 
the  hollows  to  a  few  feet  only  where  the  rock  tends  to  rise  to  the  surface. 
There  for  400  years  the  great  city  never  ceased  to  deposit  its  dead.  It 
was  the  vastest  cemetery  ever  known — from  2,000  to  3,000  yards  wide,  and 
extending  along  the  banks  of  the  river  for  five  leagues.  Some  of  the 
bodies  were  sunk  in  pits.  How  numerous  they  were  is  shown  by  the 
remains  of  the  crowded  mastabas  built  over  them,  which  in  course  of  time 
passed  from  one  possessor  to  another,  without  even  the  precaution  of  erasing 
the  superscription.  The  millions  of  poor  who  must  have  died  during  these  long 
years  were  laid  in  the  sand  itself,  with  no  other  arrangement  than  a  bed  of 
charcoal  and  a  straw  mat  as  a  wrapping.  These  bodies  were  simply  mummified 
by  desiccation.  There  was  no  great  lapse  of  time,  however,  before  priestly 
and  other  influences  associated  rites  and  ceremonies  with  this  form  of  inter- 
ment. New  methods  of  seconding  the  work  of  the  climate  in  securing  the 
body  from  the  effects  of  humidity  were  devised.  All  was  organised  in  accord- 
ance with  the  national  belief  in  the  body  being  merely  the  habitation  of  an  eter- 
nal something,  which  exhaled  at  the  last  breath,  and  assumed  a  form  less 
material  than  the  frame  it  had  quitted ;  but  representing,  as  a  coloured  shadow, 
the  exact  image  of  the  individual,  trait  for  trait — child  if  it  had  left  a  child, 
woman  if  it  had  left  a  woman,  man  if  it  had  left  a  man.  This  shadowy 
existence  has  been  given  the  name  of  the  '  double.'  It  was  supposed  to  have 
the  same  wants  and  passions  as  its  original,  and  to  be  a  continuation  of  its 
life,  ordained  at  some  future  time,  after  a  series  of  transformations  in  some 
unknown  regions,  to  rejoin  the  body.     If  it  were  recognisable,  it  became  all- 
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important  to  preserve  this  tabernacle  from  destruction  till  the  appointed  time. 
Such  a  conception  of  the  associated  life  of  the  body  and  extruded  soul  ex- 
plains the  supposed  necessity  for  all  the  elaborate  and  costly  proceedings  of 
embalmment,  installation  in  a  suitable  lodging,  supply  of  provisions,  and 
offerings  to  propitiate  the  new  powers  for  good  or  evil  which  it  was  imagined 
had  been  acquired  in  the  invisible  world. 

The  art  of  embalming  was  a  long  time  in  arriving  at  the  perfection  in 
which  we  find  it  in  some  of  the  mummies  of  the  later  empires.  Perrot  and 
Chipiez,  in  their  work  '  Histoire  de  I'Art  dans  I'Antiquite,'  relate  that  they 
once  unrolled  the  body  of  a  woman  of  distinction  who  had  died  in  the  time  of 
one  of  the  Eameses.  When  they  had  removed  the  light  linen  bandages  and 
envelopes  in  which  she  was  closely  wrapped,  the  body  lay  before  them  almost 
in  the  same  state  as  when  it  left  the  workrooms  of  the  taricheutes  of 
Memphis.  The  hair  was  black,  and  arranged  in  fine  plaits.  The  teeth  were 
perfect,  and  showed  between  the  slightly  retracted  lips.  The  delicate  nails 
of  both  feet  and  hands  had  been  stained  with  henna.  All  the  limbs  were 
flexible  and  scarcely  altered  in  form,  the  skin  soft,  firm,  and  adhering  to 
the  flesh.  But  for  the  odour  of  naphtha  with  which  everything  had  been 
saturated,  and  the  colour  of  tar  or  burnt  paper  which  had  spread  everywhere,, 
the  form  might  have  been  contemplated  with  complete  admiration.  Passa- 
lacqua  also  states  that  he  disinterred  at  Thebes  a  female  muinmy  having 
her  hair  in  perfect  preservation,  with  all  the  plumpness  and  regularity  of  form 
of  body  and  limbs,  which  proved  her  to  have  been  one  of  the  loveliest  of  her 
time.  He  mentions  that  the  beauty,  fine  proportions,  and  sound  condition 
of  the  body  so  delighted  the  Arabs  that  they  took  it  up  several  times  to  show 
it  to  their  wives  and  neighbours. 

Such  a  state  of  conservation  is  rare,  and  only  seen  when  the  most  costly 
and  tedious  methods  of  embalmment  have  been  followed.  In  these  first-class 
mummies  an  incision  has  generally  been  made  in  the  left  groin.  The 
intestines  were  extracted  by  this  opening.  The  body  was  then  left,  for  from 
forty  to  fifty  or  seventy  days,  macerating  in  a  strong  solution  of  natron.  Experi- 
ments have  been  made  by  Dr.  Sacquet  in  France  to  ascertain  what  would  be 
the  effect  of  such  steeping  in  the  salts  procured  from  Egypt.  The  result  was 
that  in  this  temperate  climate  the  fluids  of  the  body  exuded  were  not 
evaporated,  underwent  decomposition,  and  at  the  end  of  seventeen  days  gave 
out  an  insupportable  stench.  But  the  substance  itself  was  not  putrefied. 
Contrary  to  all  expectation,  the  natron  was  found  intact,  and  the  flesh  of  the 
extremities  had  become  mummified.  The  dry  climate  of  Egypt  was  wanting 
to  complete  the  process.  It  is  uncertain  whether  in  the  Egyptian  mummies 
there  was  any  desquamation  of  the  epidermis.  The  fixedness  of  the  hair 
and  nails  would  indicate  that  in  those  carefully  manipulated  the  surface 
was  kept  entire.  The  essential  part  of  the  process  was  the  withdrawal  of  the 
fluid  and  oily  parts  from  the  body  by  the  natron  bath.  The  desiccation  of 
the  solid  parts  followed.  The  matters  with  which  the  tissues  were  impreg- 
nated were  accessories.  Their  abundance  and  quality  depended  upon  the 
rank  and  richness  of  the  person.  Some  bodies,  when  drying,  were  filled  up 
with  a  mixture  of  aromatic  resins,  and  wound  up  in  complicated  bandages 
and  cloths  soaked  in  naphtha.  The  dexterity  with  which  this  was  done  often 
gave  to  the  dried  mass  its  natural  form.  These  mummies  are  brittle  and  of 
an  ohve  brown  colour.  They  retain  the  hair  and  nails,  and  have  the  features 
recognisable,  though  the  bones  of  the  nose  were  more  or  less  injured  by  the 
perforations  made  to  extract  the  brain.  Almost  imperishable  when  kept 
from  air  and  humidity,  they  answer  as  far  as  possible  to  the  religious  demand 
of  durability. 
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Another  class  of  bodies,  with  the  flank  incision,  after  being  emptied  of 
the  viscera,  were  salted  and  filled  or  saturated  with  bitumen.  The  use  of 
hot  bitumen  was  especially  necessary  in  low  localities,  such  as  the  plain  of 
Sakkarah  and  along  the  river  side.  Mummies  of  this  description  are  dark- 
coloured,  hard,  and  very  difficult  to  take  out  of  the  enveloping  cloths.  When 
exposed  to  air  they  become  covered  with  a  shght  efflorescence  of  sulphate  of 
sodium. 

In  making  an  inferior  class  of  mummy  the  entrails  were  drawn  away  by 
the  fundament.  Such  bodies  were  either  salted  only,  or  salted  and  stuffed 
with  bitumen,  or  dipped  in  a  bath  of  bitumen.  They  are  the  mummies 
most  commonly  met  with,  are  nearly  black,  have  lost  the  hair  and  eyebrows, 
and  most  of  the  face  characteristics.  The  cases  in  which  these  bitumenised 
mummies  were  put  before  being  consigned  to  the  mastaba  pits  or  subterra- 
nean caves  have  mostly  crumbled  to  fragments.  It  was  this  class  of  mummy 
that  formed  an  article  of  commerce  during  the  Middle  Ages.  Charms  and 
pharmaceutical  preparations  were  made  of  them.  The  lot  of  the  poor  was 
to  be  merely  salted  and  buried  in  the  sand.  When  anything  is  left  of  them 
it  is  the  skeleton,  with  sometimes  a  little  adipocere  where  there  had  been 
flesh.  The  practice  of  embalming,  after  being  held  to  with  constancy  through 
so  many  thousands  of  years,  and  ultimately  brought  to  a  degree  of  perfection 
which  left  nothing  to  be  desired,  was  abandoned  during  the  fourth  or  fifth 
century  before  our  era,  when  the  country  fell  under  the  Persian  invasions. 

Ancient  Pbbsian  Customs 

The  Persians  were  not  converted  to  Egyptian  ways,  and  though,  long 
afterwards,  they  abandoned  the  old  religion  of  Zoroaster,  they  still  continued 
the  ancient  funeral  rites.  These  were  founded  upon  the  idea  that  the  body 
when  putrid  became  the  habitation  of  demons,  and  could  not  be  allowed  to 
defile  the  sacred  elements  of  fire,  earth,  and  water.  There  has  been  no  change 
in  their  way  of  disposing  of  the  dead ;  and,  sentiment  aside,  no  sanitary  or 
economical  objection  can  be  made  to  it.  Near  every  town  or  colony  the 
authorities  have  to  erect  a  high  building — the  Tower  of  Silence.  It  is  public 
property  and  for  the  use  of  all.  After  some  ceremonies  in  a  place  near  at 
hand  appointed  for  the  purpose,  the  dead  body  is  conveyed  to  the  door  of  the 
tower  by  the  relatives.  There  they  part  with  it.  Men  are  engaged  specially 
to  do  the  work  within  the  building.  No  one  else  enters.  They  receive  the 
body,  convey  it  to  the  platform  at  the  top,  and  there  expose  it.  Vultures  are 
not  long  in  stripping  off  and  devouring  the  flesh.  In  about  seven  days  the 
bones,  lying  in  the  open  air  and  dried  by  the  sun,  are  fit  for  removal.  They 
are  then  thrown  down  a  shaft  leading  to  the  lower  part  of  the  tower,  which 
forms  a  sort  of  common  ossuary.  Under  this  system,  with  good  management, 
there  is  no  danger  to  the  health  of  the  living,  and  the  earth  is  no  loser  by 
the  hideous  voracity  of  the  vultures. 

Assyrian   Customs 

The  ancient  Asiatic  empires  show  us  how  much,  in  respect  to  the  treat- 
ment of  the  dead,  depends  upon  the  geological  characters  of  a  country,  as 
well  as  upon  ideas  involved  in  a  growing  society  or  borrowed  from  other 
nations.  The  Chaldeans,  though  imbibing  their  notions  of  an  after  life  in  a 
great  measure  from  the  Egyptians,  and  imitating  in  some  matters  their 
funeral  customs,  had  not  the  means  of  carrying  them  out  in  the  same  manner. 
Their  beliefs  led  them  to  desire  a  prolonged  preservation  of  the  body.  They 
attempted  this  by  an  imperfect  kind  of  embalming,  and  would  have  secured 
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their  dead  in  caves  and  pyramids,  if  caves  and  pyramids  had  been  possible 
(as  in  the  northern  part  of  Mesopotamia)  near  the  site  of  Nineveh,  at  the 
foot  of  the  mountain  ranges  where  the  Tigris  had  its  source.  The  habit  of 
soHdly  constructing  for  sepulchral  purposes  would  then  have  been  established 
over  the  lower  country.  But  it  was  in  Chaldea  that  Egyptian  influence  was 
first  felt ;  and  it  was  from  Chaldea  that  civihsation  spread  northward  to 
Babylon  and  Nineveh,  carrying  with  it  the  customs  originally  acquired.  Now 
Chaldea  was  throughout  a  flat,  alluvial  plain.  No  rocky  hill  sides  were 
there  to  excavate.  There  was  earth  to  bury  in,  and  clay  of  which  to  make 
bricks  to  build  a  covering.  From  the  beginning,  men  were  obliged  to  content 
themselves  with  what  could  be  done  with  clay,  and  the  custom  was  never 
lost.  Sometimes  the  body,  in  its  clothing,  was  laid  upon  a  flat  flooring  of 
burnt  bricks,  and  a  small  brick  vault  was  turned  over  it,  which  served  to  hold 
the  water  jars,  arms,  and  ornaments  of  the  deceased.  These  vaults  were 
never  more  than  six  feet  high,  about  seven  feet  long,  and  less  than  six  feet 
wide.  Many  only  contained  one  skeleton  lying  upon  its  side,  others  four  or 
five,  and  in  one  the  remains  of  eleven  bodies  were  found  crowded  together. 
The  work  was  good,  and  the  interior  remained  perfectly  dry.  The  coffins 
used  on  other  occasions  were  made  of  clay,  square-sided,  or  in  the  form  of 
jars,  cylinders,  and  even  shppers.  They  always  had  an  air-hole  for  the 
escape  of  gases.  More  studied  shapes  were  given  to  those  of  a  later  period; 
they  were  enamelled  and  had  ornamental  panels,  aU  being  still  of  clay.  On 
the  spots  set  apart  as  cemeteries  in  Lower  Chaldea  coffins  of  every  kind  were 
piled  up  vertically,  one  upon  another,  and  formed  an  enormous  hillock,  which 
covered  a  great  extent  of  ground,  and  could  be  seen  at  long  distances  on  the 
plain.  Trenches  more  than  thirty  feet  deep  have  been  cut  in  some  of  these 
accumulations  of  coffins  without  coming  to  the  lowest  layers.  They  must 
have  been  the  work  of  many  generations  ;  for,  as  the  pile  mounted,  the  style 
of  coffin  changed,  and  the  best  are  always  at  the  top.  Priests  and  architects 
disposed  of  the  places  and  directed  the  construction.  When  the  hillock  had 
reached  the  regulation  height  it  was  bricked  over  and  drained.  Some  of 
these  burial  places,  closely  studded  with  tombs  and  piles  of  built-in  coffins, 
were  more  than  a  mile  long  and  nearly  of  the  same  width. 

BuBiAL  Customs  in  India 

The  280,000,000  inhabitants  in  India,  though  split  up  into  many  religious 
sects,  are  mainly  divisible  into  Hindoos  and  Mussulmans.  Besides  these,  the 
Parsees  form  a  large  and  intelligent  class.  These  hold  the  same  philosophical 
views  and  follow  the  same  practices  as  their  ancestors  of  Persia.  Numerous 
in  Bombay,  they  inhabit  a  special  quarter  near  the  sea  shore.  They  have 
their  towers  of  silence.  Five  of  them,  of  different  sizes,  stand  on  the  high 
ground  called  Malabar  Hill,  The  chief  of  these  is  a  building  100  yards  in 
diameter,  with  brick  walls,  whitewashed  externally.  The  interior  is  a  vast 
amphitheatre  divided  into  three  stages.  Each  stage  contains  coffin-hke 
recesses  radiating  from  the  walls  towards  the  centre.  The  upper  stage  is 
for  the  bodies  of  men,  the  others  for  women  and  children.  All  these  com- 
partments are  quite  open  to  the  sky,  and  lined  with  marble  and  cement. 
Vultures  in  flocks  come  at  the  time  of  interment,  and  in  about  two  hours 
strip  and  devour  the  flesh.  The  bones  are  then  exposed  and  left  for  some 
days  to  dry.  When  dry  they  are  placed  in  a  central  compartment,  where, 
under  the  action  of  sun  and  rain,  they  fall  into  dust.  The  water  which  per- 
colates through  this  ossuary  is  filtered  through  broken  sandstone  and  char- 
coal as  it  passes  into  the   drains,  which  convey  it  to  deep  wells,  partially 


DISPOSAL   OF  THE  DEAD  685 

filled  with  sand  so  as  to  avoid  pollution  of  the  soil.  Mussulmans  in  India 
are  all  buried,  and  without  coffins.  A  sort  of  alcove  is  made  at  one  side  of 
the  bottom  of  the  grave,  it  is  said,  to  give  the  body  room  to  sit  up  when  it 
receives  the  visits  of  the  angels  at  death,  but  in  reality  to  secure  a  good  base 
for  a  monument. 

Hindoos  have  much  less  regard  for  the  dead  body.  Many  of  the  poorest 
sort  are  buried  without  coffins,  and  the  graveyards  are  frequented  by  jackals. 
Along  the  banks  of  the  Ganges  numbers  are  thrown  into  the  water,  and 
crocodiles  replace  the  jackals  of  the  cemeteries  and  the  vultures  of  the  towers. 
To  avoid  encumbering  the  ground  in  the  neighbourhood  of  cities,  and  for 
other  sanitary  reasons,  the  Government  are  endeavouring  to  induce  all  Hindoos 
to  be  burnt,  and  in  Bombay,  Madras,  Calcutta,  and  other  towns,  have  set 
up  places  on  purpose  for  this  ceremony.  That  at  Calcutta  is  the  most  im- 
portant :  it  is  a  long  gallery  with  arcades,  looking  over  one  of  the  branches 
of  the  river.  Men  are  appointed  to  superintend  the  operation,  and  a  great 
many  of  the  dead  are  burnt.  A  few  hours  after  death  the  body  is  brought 
to  the  place  upon  a  brancard  by  the  friends,  who  leave  it  at  the  door,  after 
making  the  necessary  declarations  in  the  office.  The  body  is  laid  upon  the 
ground  and  there  burnt  with  wood  and  dried  cow-dung.  In  about  four 
hours  the  burning  is  completed,  or  supposed  to  be  so,  and  the  ashes  and 
remains  are  thrown  together  into  the  river.  The  public,  women,  and  children 
pass  without  hindrance  near  the  fires,  and  may  be  seen  gossiping  and  playing 
unconcernedly,  though  the  smell  of  burnt  flesh  is  sickening,  and  the  smoke 
and  faggots  scarcely  hide  the  charred  limbs.  It  is  a  disgusting  spectacle, 
but  makes  little  impression  upon  the  crowds.  The  cost  of  a  burning  is  about 
four  shilhngs. 

BUEIAL  AMONG  THE    JeWS 

If  anywhere  we  are  to  look  for  opinion,  precept,  or  example  as  to  the  light 
in  which  we  should  regard  the  dead,  and  as  to  what  we  ought  to  do  with 
them,  it  must  be  among  the  Jews.  Their  minute  and  comprehensive  sanitary 
ordinances  have  come  down  to  us  in  their  sacred  books.  Of  no  other  people 
have  we  such  ample  information  on  their  sentiments  and  practice.  We  know 
that  a  dead  body  filled  them  with  a  horror  of  uncleanness,  and  that  they 
speedily  put  it  away.  Two  suns  were  not  allowed  to  go  down  upon  the 
dead.  In  the  climate  of  Palestine  the  feeling  was  natural,  sanctioned  by 
authority  and  acted  on.  '  Whosoever  toucheth  a  dead  body,  or  a  bone  of  a 
man,  or  a  grave  shall  be  unclean.'  *  Command  the  children  of  Israel  that 
they  put  out  of  the  camp  whosoever  is  defiled  by  the  dead.'  '  The  dead  shall 
be  cast  out  as  dung.'  '  Wheresoever  thou  findest  the  dead,  bury  them.' 
'  The  manner  of  the  Jews  is  to  bury.'  The  ruling  idea  in  all  was  infection  ; 
the  almost  universal  custom  was  burial.  That  it  should  be  so  was  the 
inevitable  result  of  the  circumstances  under  which  they  took  their  origin, 
and  developed.  Abraham,  their  patriarch,  came  from  a  land  where  it  was 
the  only  thing  done  with  the  dead.  In  the  land  of  his  adoption  it  was  the 
prevailing  observance.  Their  relations  with  Egypt,  and  the  long  abiding  of 
the  people  in  that  country,  habituated  them  to  the  use  of  tombs  and  graves. 
In  the  desert  they  could  not  burn  ;  and,  once  entered  into  the  promised  land, 
fire  was  an  abomination  of  the  idolators,  and  among  themselves  a  mark  of 
ignominy.  It  is  not  therefore  surprising  that  associations  so  general,  and  so 
many  concurrent  inducements,  should  give  rise  with  them  to  the  custom  of 
interment ;  that  the  custom  should  perpetuate  itself ;  that  the  precautions  with 
which  it  was  officially  surrounded  should  render  it  tolerable  and  inoffensive  ; 
and  that  as  in  time  the  idea  of  the  tombs  of  their  fathers  tinged  the  whole 
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of  their  national  history,  mingled  with  all  their  family  traditions,  and  found 
expression  in  the  aspirations  of  their  dying  moments,  it  became  a  practice 
which  no  external  influence  could  explode. 

Both  inhumation  and  entombment  were  of  earlier  date  than  the  Mosaic 
record.  Men  of  wealth  bought  sepulchral  caves,  which  remained  to  their 
descendants.  The  poor  were  buried  on  the  spot  where,  in  their  wander- 
ings, death  overtook  them.  After  the  disappearance  of  their  lawgiver,  when 
they  were  more  settled  and  hved  as  dwellers  in  cities,  civic  regulations  fixed 
the  graveyards  beyond  the  walls.  Such  were  the  places  known  as  the 
'  graves  of  the  children  of  the  people,'  in  the  valley  of  Kedron,  and  the 
*  Potters'  Field,'  bought  with  the  money  of  Judas,  to  bury  strangers  in.  In 
such  spots  the  multitude  were  laid  in  the  earth,  and  hewn  stones  or  some 
other  things  were  generally  placed  over  the  grave  to  show  that  it  had  been 
used  for  burial,  so  that  passers-by  might  be  warned  not  to  touch  it,  and 
might  not  be  polluted. 

A  natural  cave,  enlarged  and  adapted  by  masonry,  was  the  standard 
type  of  sepulchre.  When  all  those  in  the  neighbourhood  came  to  be  appro- 
priated and  filled  up,  artificial  imitations  made  their  appearance.  This  was 
what  the  structure  of  the  soil  suggested  and  supplied.  When  the  means 
permitted,  they  were  often  prepared  beforehand,  and  stood  in  gardens,  or  by 
road-sides,  or  even  adjoining  houses.  The  head  of  a  family  often  provided 
space  for  more  than  one  generation.  The  successive  interments  in  Sarah's 
tomb  are  a  chronicle  of  the  strong  family  feeling  among  the  Jews.  It  was 
deemed  a  misfortune  or  an  indignity  not  only  to  be  deprived  of  burial,  but,  in 
a  lesser  degree,  to  be  excluded  from  the  family  sepulchre.  In  some  of  the 
tombs  the  bodies  were  so  crowded  as  to  be  in  actual  contact. 

A  sepulchre,  complete  according  to  Kabbinical  notions,  was  a  cavern 
about  six  cubits  square,  or  six  by  eight,  from  three  sides  of  which  are  recessed 
longitudinally  several  vaults,  each  large  enough  for  a  corpse.  On  the  fourth 
side  the  cavern  is  approached  through  a  small  covered  court  or  portico,  of  a 
size  to  receive  the  bier  and  bearers.  Sometimes  other  caverns  were  entered 
from  the  sides  of  the  same  portico,  and  stones  which  could  be  rolled  closed 
the  entrance.  It  was  the  custom  to  have  this  part  whited  once  a  year,  after 
the  rains  before  the  Passover,  to  caution  against  defilement.  The  neighbour- 
hood of  Jerusalem  is  thickly  studded  with  tombs,  some  of  them  of  great 
antiquity  and  extent.  In  that  called  the  '  Tombs  of  the  Prophets  '  two 
parallel  passages  ten  feet  high  and  six  feet  wide,  are  carried  through  the 
rock  for  sixty  feet,  a  third  diverging  and  extending  forty  feet.  They  are 
connected  by  two  cross  galleries  in  concentric  curves,  one  at  the  extreme 
end,  the  other  in  the  middle.  The  outer  one  is  115  feet  long,  and  has  a 
range  of  thirty  inches  at  the  level  of  its  floor,  radiating  outwards.  Two 
small  chambers,  with  similar  niches,  also  open  into  it. 

Notwithstanding  the  strong  expressions  used  in  the  Mosaic  and  pro- 
phetic writings  in  regard  to  the  dead,  the  fears  of  defilement,  and  the  incon- 
venience of  purification,  the  Jews  were  very  respectful  in  their  treatment  of 
the  body.  It  was  confided  by  the  relatives  to  the  care  of  women,  who,  after 
washing,  anointed  it  with  spices  in  the  form  of  ointment.  Spices  were  also 
placed  in  the  folds  of  the  grave-clothes,  which  were  much  of  the  same 
fashion  as  those  worn  in  hfe.  The  head  was  covered  separately,  and  the 
whole  swathed  with  bandages.  Coffins  were  but  seldom  used,  and  if  used 
were  open.  Fixed  stone  sarcophagi  had  their  place  in  tombs  of  rank. 
Fumigations  of  myrrh  and  aloes  and  other  fragrant  matters  were  always  in 
abundance  unless  poverty  prevented  ;  and  on  great  occasions  the  vessels, 
bed,  furniture,  and  clothes  of  the  deceased  were  burnt  also. 
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It  does  not  appear  that  the  600,000  Israehtes  who  came  up  out  of  Egypt 
at  the  Exodus  had  contracted  during  their  more  than  400  years'  stay  in  the 
country  any  partiality  for  the  system  of  embalming,  at  that  time  admirably 
practised.  It  is  true  that  they  were  settled  in  the  pastoral  district  of  Goshen, 
far  away  from  the  centre  of  civihsation.  But  during  their  long  employment 
as  herdsmen  of  Pharaoh's  cattle,  and  their  subsequent  oppression  under  new 
kings,  they  must  have  had  constant  communication  with  the  capital,  and  every 
opportunity  of  learning  all  about  embalmment,  and  taking  it  up  if  so  they 
thought  fit.  They  had,  in  fact,  experience  of  it ;  for  Joseph,  who  when 
Jacob  died  was  high  in  authority,  showed  no  reluctance  to  avail  himself  of 
the  skill  within  his  reach.  To  render  easy  the  accomplishment  of  his  father's 
wish,  Joseph  '  commands  his  servants,  the  physicians,  to  embalm  his  father, 
and  the  physicians  embalmed  Israel.'  Joseph  too,  in  his  last  days,  had  the 
same  desire  to  be  buried  with  his  ancestors,  '  so  his  brethren  embalmed  him, 
and  he  was  put  in  a  coffin  in  Egypt.'  These  are  the  only  two  known 
instances  of  the  embalmment  of  Jewish  bodies,  and  they  were  at  an  early 
period  of  the  sojourn.  After- events,  and  provocation,  may  have  aroused 
Israelitish  prejudices  and  hatred  of  all  things  Egyptian. 

Incineration,  as  a  funeral  custom,  was  never  regularly  adopted  by  the 
Jews.  The  bodies  of  criminals  and  unclean  things  were  thrown  into 
fire.  Under  certain  circumstances,  as  when  defeated  in  war,  some  of  the 
■slain  were  burnt  to  avoid  insult  to  the  corpses  ;  but  in  such  case  the  bones 
•were  collected  afterwards  and  conveyed  to  the  sepulchres.  For  a  while  it 
became  the  practice  to  honour  some  of  the  kings  after  death  with  many 
funeral  ceremonies,  including  the  burning  of  the  body.  But  generally,  burn- 
ing of  the  human  body  was  regarded  as  aggravating  punishment,  or  a  sign  of 
contumely.  There  are  a  few  allusions  in  the  Prophets  to  the  use  of  fire  in 
times  of  pestilence,  but  they  are  very  indefinite.  Isaiah  seems  to  imply  that, 
after  the  wondrous  destruction  of  the  army  of  Sennacherib,  the  bodies  were 
consigned  to  Tophet.  Tophet,  in  the  Valley  of  Hinnom,  to  the  south  of 
Jerusalem,  was  a  spot  polluted  by  Josiah.  From  this  time  it  became  the 
common  laystall  and  cesspool  of  the  city,  into  which  its  sewage  was  conducted, 
to  be  carried  off  by  the  waters  of  Kedron.  It  is  generally  believed  that,  in 
this  loathsome  quarter,  perpetual  fires  were  kept  up  for  the  combustion  of 
the  bodies  of  those  who  had  been  executed,  carcases  of  animals,  and  what- 
ever town  filth  was  combustible.  With  such  a  spectacle  before  their  eyes, 
the  people  were  not  likely  to  think  complacently  of  a  similar  destiny  for 
their  own  flesh,  and  we  may  believe  Tacitus  when  he  says  that  it  was  a 
point  of  Jewish  custom  condere  quam  cremare. 

Geecian  Customs 

The  Greeks,  shifting  in  their  politics,  in  their  form  of  government,  and  in 
their  rehgion,  inconstant  to  their  gods,  and  faithless  to  every  shade  of  belief, 
never  adhered  steadily  to  any  one  way  of  disposing  of  their  dead.  "When 
Greece  was  occupied  by  the  Pelasgic  tribes,  and  its  worship  was  that  of  the 
Dodonsean  Jove,  the  people  were  not  mere  barbarians,  but  their  progress  was 
of  home  growth,  and  little  affected  by  foreign  influence.  At  that  stage  of 
Grecian  existence  the  dead  were  simply  buried.  Oriental  strangers  who 
settled  in  the  country  brought  with  them  the  higher  fruits  of  civilisation. 
The  Egyptians  taught  the  art  of  embalmment,  and  for  a  time  it  was  used  in  an 
imperfect  manner.  The  Phoenicians  introduced  the  art  of  writing  and  the 
practice  of  burning  the  dead.  During  the  Heroic  Age  it  was  an  honour  for 
the  body  to  be  burnt,  and  a  mark  of  disgrace  to  be  refused  burning.    To  avoid 
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pestilence,  the  slain  in  battle  were  also  burnt.  For  the  next  400  years  we 
have  but  little  positive  information  about  domestic  Ufe  in  Greece.  With  a 
number  of  small  states  in  various  stages  of  refinement,  and  every  small  town 
insisting  upon  its  independence  and  regulating  its  own  affairs,  funebrial 
habitudes  could  have  no  uniformity.  Each  community  did  as  it  liked  with  its 
dead.  Some  burnt,  some  buried  ;  none  were  enthusiastic  either  for  earth  or 
fire.  The  same  licence  was  taken  both  for  neglect  and  ostentation.  The 
legislation  of  Solon  brought  order  out  of  notorious  irregularities,  and  laid  the 
foundation  of  the  greatness  of  Athens.  The  laws  were  numerous,  and  con- 
tained prescripts  on  almost  all  subjects  connected  with  the  public  and  private 
life  of  the  citizens.  The  Council  of  the  Areopagus  was  entrusted  with  the 
duty  of  examining  into  every  man's  mode  of  life,  and  punishing  profligacy. 
Solon  found  extravagance  in  funeral  rites  rampant,  and  put  restrictions  on 
the  pyre.  It  was  usual  to  throw  into  it  arms,  jewels,  dresses,  cattle.  He 
limited  the  numbers  and  cost.  Solon  himself  was  burnt,  and  his  ashes  are 
said  to  have  been  scattered,  by  his  own  direction,  round  the  island  of  Salamis. 
The  continuance  of  the  practice  is  noted  by  successive  ceremonies.  Alcibiades 
was  burnt  during  the  government  of  the  Thirty  Tyrants ;  Timoleon,  about 
130  years  after  ;  Philopoemen,  when  the  struggle  with  the  Eomans  was- 
beginning  ;  and  Plutarch,  the  biographer  and  philosopher,  when  Greece  had 
fallen  to  be  nothing  more  than  a  Eoman  province.  But  the  pyre  was  not 
applied  to  all.  Argesilaus,  who  lived  to  the  age  of  eighty,  and  saw  the 
extinction  of  Spartan  supremacy,  was  embalmed  in  wax  and  splendidly 
buried  in  Sparta.  The  body  of  Alexander  was  preserved  in  honey  and 
perfumes,  much  in  the  same  way  as  the  Burmese  at  the  present  day  treat  the 
remains  of  a  pre-eminently  holy  man.  Demosthenes,  the  orator,  too,  when 
dying  from  the  poison  he  had  taken  in  the  temple  of  Poseidon,  to  escape 
from  the  insults  of  his  conquerors  after  the  Lamian  struggle,  taunted  his 
persecutor,  Archias,  with  being  capable  of  casting  him  out  unburied.  The 
hero  Theseus  had  been  buried  in  the  isle  of  Scyros.  About  470  B.C.,  in  the- 
time  of  Aristides,  by  command  of  an  oracle,  his  bones  were  disenterred 
and  carried  to  Athens,  where  they  were  deposited  with  much  solemnity  in 
a  temple,  now  known  as  the  Theseum.  It  is  clear  that  the  burning  of 
bodies  was  never  a  practice  universally  resorted  to  in  Greece.  The  state  of 
the  population  forbade  it.  A  census,  taken  by  Demetrius,  of  the  male  inhabi- 
tants of  Attica  gave  the  amazing  number  of  400,000  slaves  in  the  possession 
of  about  30,000  freemen  and  alien  residents.  The  masters  would  not  have 
taken  the  trouble  to  incinerate  the  large  proportion  of  these  miserable 
dependents  that  must  have  been  among  tfc-eir  dead.  The  Greeks,  though 
exacting  on  the  point  of  physical  training,  carrying  luxury  to  its  highest 
pitch  of  refinement,  excelling  in  art,  oratory,  and  literature,  infiltrating  the 
world  with  their  philosophical  morality,  were  never  very  particular  m  sani- 
tary matters. 

Roman  Inteembnts  and  Buening 

By  way  of  contrast,  we  find  the  Romans  paying  great  attention  to 
practical  utility.  At  an  early  period  they  buried  only  ;  then  they  took  from 
the  Etruscans  the  habit  of  burning  the  dead.  Men  were  free  to  choose  be- 
tween the  two  systems,  but  habitations  were  more  numerous,  the  population 
was  increasing,  and  the  deaths  came  in  proportion.  While  they  were  drain- 
ing their  city  and  watering  the  streets,  other  sources  of  evil  were  not  over- 
looked. In  the  code  of  the  Decemvirs,  the  famous  Twelve  Tables,  which 
were  considered  the  foundation  of  all  law,  it  is  decreed,  '  Hominem  mortuum 
in  urbe  ne  sepelito  neve  urito.'    This  law  banished  all  sepulchral  rites  beyond 
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the  walls.  The  ustrina  were  built  there,  and  such  interments  as  took  place 
were  allowed  there  only.  It  is  not  known  how  many  fires  were  set  up.  But 
they  were  under  public  control.  Those  for  the  rich  were  apart  from  the  others. 
The  bodies  of  the  poor  were  treated  with  no  decency.  One  pile  was  made  to 
serve  for  a  large  number.  The  place  appointed  for  them  was  in  a  wretched 
suburb,  on  the  Esquiline  Hill,  inhabited  by  the  outcasts  of  society.  In  the 
slang  of  the  people,  the  burning-places  were  called  '  culincs.'  The  attendants 
were  slaves.  Night  was  chosen  for  the  operation.  Body  after  body  was- 
thrown  upon  the  open  fire,  and  long  before  they  were  consumed  the  scorched 
fragments  were  raked  from  the  smouldering  faggots  and  cast  into  a  common 
pit. 

The  burning  of  the  rich  required  many  assistants,  and  was  attended  with 
great  ceremony.  Oils  and  balsams  were  poured  over  the  body.  Incisions 
were  made  to  be  certain  of  death.  Asbestos  wrappers  were  used  to  separate 
the  ashes  from  the  embers.  Locks  of  hair,  cut  from  the  heads  of  the  relatives 
who  were  grouped  about  in  mourning  garments  of  white,  were  enclosed  with 
the  body.  The  next  of  kin,  when  a,ll  was  ready,  unclosed  the  eyes  and  turn- 
ing aside  put  fire  to  the  pyre.  When  the  flames  were  fiercest,  favourite 
animals,  arms,  dresses,  and  other  things  belonging  to  the  dead,  were  thrust 
into  the  conflagration,  and  spices,  oils,  and  balsams  were  spread  about  in. 
profusion.  It  was  considered  a  disgrace  if  the  body  were  not  completely 
consumed.  The  ashes  were  sealed  up  in  urns  made  of  marble  or  bronze, 
and  sometimes  of  gold  or  silver.  These  were  arranged  in  the  tombs  or  niches 
of  columbaria.  Many  of  these  are  now  to  be  seen  by  the  sides  of  the  roads 
leading  away  from  Rome.  They  began  to  make  their  appearance  after  the 
closing  of  the  city  to  funerals.  Some  contain  sarcophagi  in  which  lie  un- 
touched remains,  others  the  urns  and  ashes  of  those  whose  bodies  had  been 
burnt.  In  the  celebrated  tomb  of  the  Scipios,  the  bones  of  its  founder  were 
discovered  (1780)  in  a  state  of  good  preservation.  Other  bodies  had  been 
laid  there  too.  The  tomb  was  originally  above  the  surface  of  the  ground, 
with  a  lofty  threshold,  the  interior  supported  by  walls  hewn  in  the  solid 
tuffstone  rock. 

The  columbaria  were  subterranean  chambers,  also  in  the  rock.  A  steep 
staircase  descends  into  a  square  vault  with  a  central  buttress,  hollowed  out, 
as  well  as  the  walls,  into  niches  for  the  reception  of  cinerary  urns.  Others 
are  more  like  vaulted  passages,  with  dark  prolongations  intended  only  for  the 
remains  of  slaves.  The  columbaria  were  usually  constructed  by  several 
persons  in  common,  or  as  a  matter  of  speculation,  and  single  recesses  could 
be  purchased,  sold,  or  inherited.  The  names  of  the  occupants  were  in- 
scribed on  marble  tablets  over  the  niches.  One  of  the  columbaria,  among 
the  trees  in  the  grounds  of  the  Villa  Pamfili,  has  the  walls  decorated  with 
paintings. 

As  long  as  the  Eepublic  lasted,  the  choice  between  burning  and  burial 
was  unrestricted.  Burning  was  made  compulsory  during  the  Empire.  The 
aristocracy  favoured  it,  and  the  usual  imitative  propensity  of  society  had  its 
effect.  For  a  time  it  became  popular.  But  such  obsequies  gave  a  fine 
occasion  for  the  extravagance  of  emperors  and  parasites.  They  expended 
fabulous  sums  upon  the  pyres  and  incense.  The  prodigality  excited  envy. 
It  was  impossible  for  ordinary  subjects  to  approach  or  to  vie  with  it.  A 
reaction  of  feeling  set  in.  The  duty  was  imperative,  but  to  fulfil  it,  as  had 
become  the  fashion,  was  ruinous.  Persecution  could  not  prevent  the  new 
sect  which  had  sprung  up  in  Eome  from  worshipping  and  burying  in  the 
Catacombs.  Christian  sentiment,  and  evasion  of  the  law,  happened  to  fall  in 
exactly  with  pagan  discontent,  and  fomented  it.    Political  confusion  and 
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relaxation  of  civic  discipline  opened  the  door  to  malcontent  mourners. 
Cemeteries  were  clandestinely  put  to  use,  and  there  was  either  no  will  or  no 
power  to  pursue  illegality.  The  Emperor  Constantine  looked  with  more  than 
leniency  upon  the  new  doctrines  and  practices,  so  that  by  a  concurrence  of 
suppressing  causes,  before  the  end  of  the  fourth  century,  burning  the  body 
was  no  longer  a  Eoman  usage.  It  lingered  in  the  country  towns  and 
provinces,  but  with  its  decline  in  the  capital  begins  the  history  of  Christian 
burial. 

Christian  Bueial  in  Eomb 

The  Christians  began  to  be  known  shortly  after  Augustus  became 
emperor.  They  soon  found  their  way  to  Eome  and  made  many  proselytes. 
At  that  time  extramural  burning  of  the  dead  was  compulsory  ;  with  sectarian 
obstinacy,  they  would  not  comply.  Sentiment,  opinion,  and  expediency  were 
all  against  it.  As  Sir  Thomas  Brown  says  :  '  Christians  abhorred  this  way  of 
obsequies  ;  and  though  they  stickt  not  to  give  their  bodies  to  be  burnt  in 
their  lives,  detested  that  mode  after  death.'  It  jarred  with  their  holding  of 
the  doctrine  of  a  resurrection  of  the  actual  body.  It  could  not  be  done  in 
secret,  and  would  subject  them  to  molestation  in  the  performance  of  their 
religious  rites.  Christianity  at  first  was  regarded  as  a  Jewish  sect ;  and  the 
fresh  converts  clung  to  their  ancient  customs.  With  the  zeal  of  a  new  faith, 
they  were  bent  upon  open  demonstration  of  a  repudiation  of  all  pagan 
practices.  Burning  was  not  only  to  be  put  aside  for  burial,  but  everything 
resembling  the  ceremonies  attending  burning  was  to  be  avoided  for  a 
simpler  service.  Their  Church  organisation  was  well  defined,  and  their 
discipline  strict.  The  first  disciples  were  giving  place  to  bishops,  dictators  as 
well  as  teachers.  They  were  in  a  difficult  position.  But  persecution  taught 
them  the  power  of  combination,  and  they  were  enabled  to  extricate  themselves 
by  the  device  of  constructing  what  we  know  as  the  Catacombs.  These  were 
their  early  burjdng-places,  quite  distinct  from  the  then  disused  grounds  of 
the  Eoman  people.  They  distinguished  them  by  the  Greek  name  of 
coemeteria.  The  Eoman  law  acknowledged  them,  and  they  came  under  the 
regulations  relating  to  family  tombs  and  the  joint-stock  tombs  of  the  collegia. 
They  were  necessarily  outside  the  precincts  of  the  city.  The  earliest  are 
situated  between  the  first  and  third  milestones  beyond  the  Aurelian  wall. 
Some  of  them  were  private  property,  others  in  the  hands  of  Christian 
societies  got  up  for  the  purpose  of  working  them.  In  both  cases,  the 
purchase  of  a  definite  area  was  obligatory,  and  it  is  ascertained  that  they  are 
generally  exact  as  to  the  extent  of  the  excavations  prescribed  by  the  Eoman 
law. 

The  arrangement  of  these  primary  ccemeteria  was  extremely  simple.  The 
memory  of  the  Judean  caves  seems  to  have  dwelt  in  the  minds  of  the  designers. 
They  were  nothing  more  than  excavations  in  the  soft  rock  of  narrow  passages 
barely  three  feet  wide  and  sometimes  much  less,  with  recesses  in  the  sides 
just  the  length  required  for  a  body.  A  regular  society  of  fossores  was  set 
on  foot,  and  it  held  on  to  its  functions  till  the  use  of  the  catacombs  was  given 
up.  Deacons  also  were  appointed  to  take  charge  of  the  property  and  direct 
the  allotment  of  places.  At  first,  accommodation  for  burying  only  was  re- 
quired, and  they  served  for  no  other  purpose.  But  as  circumstances  altered, 
objects  of  veneration  accumulated,  and  persecution  pressed,  they  were  used 
for  worship  and  concealment.  The  passages  were  then  made  narrower  and 
higher,  and  lateral  enlargements  gave  space  for  reunions.  Communications 
cut  from  one  property  to  another  ended  in  forming  complicated  labyrinths. 
Light  and  air  were  in  many  cases  admitted  from  above  by  means  of 
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^uminaria.  By  degrees  the  catacombs  became  very  extensive,  and  spread 
; around  the  city  in  a  wide  circle ;  exclusive  of  the  smaller  ones,  there  were  about 
twenty-six.  An  ecclesiastical  supervision  of  these  cemeteries  is  mentioned  for 
the  first  time  about  200  a.d.,  and  after  that  several  of  the  first  series  of 
Popes,  or  Bishops  of  Rome,  were  interred  in  them.  In  this,  and  part  of  the 
next  century,  large  chambers  were  constructed,  and  sarcophagi  introduced, 
in  addition  to  the  closed  recesses  in  the  walls.  The  passages  were  also  ex- 
•cavated  in  stages,  one  over  the  other.  Other  sects,  and  the  Jews  themselves, 
at  last  began  to  use  similar  cemeteries  for  their  interments.  But,  when  in 
the  fourth  century  the  greater  part  of  the  population  had  passed  over  to 
Christianity,  and  become  a  power  in  the  State,  other  ideas  came  to  prevail  and 
the  catacombs  were  less  turned  to  account.  Constantine  was  Emperor  and 
Sylvester  was  Pope.  Constantine  openly  professed  himself  a  Christian. 
The  reaction  was  sharp.  Persecution  ceased,  the  Christians  were  protected. 
The  temples  of  the  gods  were  given  over  to  them,  and  they  were  permitted  to 
fill  civil  and  military  offices.  They  soon  took  advantage  of  their  new  powers. 
The  wise  prohibitory  laws  of  the  ancients  were  set  aside,  and  burials 
sanctioned  in  the  churches.  Constantine  gave  to  the  community  the  first 
Christian  cemetery  within  the  walls,  and  filled  it  with  earth  from  Mount 
Calvary.  Shortly  before  his  death  he  received  baptism  ;  when  dead,  the 
remains  of  the  first  ruler  of  the  earth  who  avowed  himself  a  convert  to  the 
creed  of  the  Christians  were  admitted  within  one  of  their  sacred  edifices, 
leaving  in  the  hands  of  ecclesiastics  the  control  of  sepulchral  observances,  a 
fearful  weapon  of  spiritual  tyranny,  oppressive  extortion,  and  physical  injury. 
For  more  than  the  next  two  hundred  years  intellectual  darkness,  religious 
corruption,  and  political  confusion  spread  over  Rome  and  the  Roman  pro- 
vinces. Alaric  overran  the  city,  and  Attila  drew  off  his  army  laden  with 
spoils,  at  the  intercession  of  the  venerable  Leo.  During  the  frequent  devasta- 
tions undergone  by  the  city,  the  catacombs  were  pillaged,  the  mausoleum  of 
Augustus,  and  the  tomb  of  Hadrian  were  stripped  of  their  contents  and  con- 
verted to  other  purposes.  Under  such  circumstances,  burial  customs  must 
have  been  as  much  unbridled  as  other  things.  Popes  were  buried  in  the 
vaults  of  churches,  and  the  people  had  their  own  way  with  the  cemeteries. 

Christian  Burial  in  Great  Britain 

In  the  one  hundred  years  between  the  death  of  Constantine  and  the  reign 
of  Honorius,  no  attempt  seems  to  have  been  made  by  the  Church  of  Rome 
to  introduce  Christianity,  with  its  rites  and  customs,  into  its  British  province. 
The  natives  were  split  apart  into  two  classes ;  those  living  in  the  towns 
occupied  by  the  legions,  adopting  Roman  ways  and  language  ;  and  the  greater 
part  scattered  over  the  country,  speaking  their  own  tongue  and  in  the  slightest 
degree  only  influenced  in  their  habits  by  foreign  example.  But  Christianity 
had  found  its  way  among  them  from  lona,  and  that  it  had  ably  done  its  work 
we  gather  from  the  fact  that  on  the  arrival  of  the  new  invaders,  under  Hengist, 
their  fiercest  rage  was  against  the  clergy.  Priests  were  slain  at  the  altar, 
and  it  was  in  vain  that  the  people  sought  shelter  in  the  churches,  for  the 
churches  were  fired.  Where  there  were  priests  and  churches,  churchyards 
and  burials  were  sure  to  be  also.  The  tombs  at  lona  and  Lindisfarne 
show  this.  But  the  country  relapsed.  Numbers  of  the  population  were 
driven  into  the  wilds  of  the  "West,  were  massacred,  or  sold  away  into  slavery. 
Gildas  gives  us  a  glimpse  of  shrines  polluted  by  heathen  impiety,  by  '  bar- 
barians, hateful  to  God  and  man.'  It  was  only  in  the  pontificate  of  Gregory 
(596  A.D.)  that  his  missionaries  got  a  hold  of  the  people  of  Kent.    Aidan, 

■zy2 


692  HYGIENE 

from  Ireland,  assisted  them.     The  struggle  with  heathendom  was  at  last, 
successful,  and  the  North-country  burnings  and  tumuli  were  superseded  by 
the  family  tomb,  with  the  commemorative  '  Hie  jacet.'     But  the  parochial 
divisions,  as  they  now  exist,  did  not  take  place  in  England  till  near  the  time 
of  the  Koman  Conquest.     Eural  churches  had  been  erected  by  private  indi- 
viduals, or  groups  of  inhabitants,  as  necessity  suggested,  and  were  served  by 
itinerant  ministers.     Some  of  these  obtained  concessions  of  tithes  and  the 
privileges  of  baptism  and  burial,  implying  a  churchyard  and  the  residence  of 
a  minister.     The  Church  had  long  found  the  secret  of  making  its  sacraments 
useful  weapons  of  domination,  and  the  powers  of  excommunication  and  in- 
terdiction served  them  profitably.     Everywhere  the  excommunicated  were- 
debarred  of  a  regular  sepulture.     Corruption  in  a  ground  which  consecration 
had  thrown  into  the  hands  of  the  clergy  was  set  up  as  a  privilege  unfit  for 
those  who  had  died  in  so  irregular  a  manner.     All  the  artifices  of  ceremonial 
and  the  unctuousness  of  eloquence  were  conjoined  to  make  the  people  look, 
upon  canonical  interment  as  the  guerdon  of  prescribed  observance.     There 
was  but  one  litany  for  the  dead,  rich  and  poor.     It  spoke  of  nothing  but  the 
grave.    The  associations  of  the  churchyard  by  degrees  intertwined  themselves 
with  all  family  ties,  and  rendered  it  an  object  of  conservative  devotion.  Abbeys  • 
and  ministers  were  honoured  with  the  obsequies  of  princes  and  nobles,  and  the 
chancel  or  the  nave  of  the  village  church  became  the  ambition  of  the  parson  ■ 
and  the  petty  proprietor.     Monumental  urns  and  inverted  torches,  and  the  ■ 
constant  iteration  of  the  formula,  '  ashes  to  ashes,'  may  have  kept  alive  some  • 
faint  reminiscences  of  ancient  customs  ;  but  the  sight  of  the  anti-heretical 
stake  in  the  market- place,  the  quarterings  and  burnings  of  the  public  exe- 
cutioner, the  fulminations  from  the  pulpit,  and  the  too  literal  interpretation  of 
Scriptm-e  phrases,  all  tended  to  make  the  thought  of  fire  odious.     In  thia 
way,   without  any   suspicion   of    prospective  evils,   vault    interments   and 
churchyard  burials  came  to  be  ratified  as  national  both  in  thought  and 
deed. 

The  Eeformation  only  led  the  way  to  a  change  for  the  worse.  There  was 
neither  unity  of  opinion  nor  uniformity  of  action.  Henry's  Protestants  held 
to  the  churchyard.  Elizabeth's  schismatics  would  have  none  of  it.  Puritans 
scoffed  at  '  God's  acre,'  and  the  right  of  lying  there  was  less  dear  to  them 
than  the  right  of  digging  a  pit  in  some  conventicle  courtyard.  It  was  not 
their  own  choice,  but  a  few  of  the  notorious  among  them  served  to  illustrate 
one  of  the  most  ignoble  ways  of  disposing  of  the  dead  ever  practised  in 
England.  Cromwell,  it  is  true,  was  first  of  all  carried  to  the  Abbey  with 
more  than  regal  splendour.  But  in  less  than  two  years  he  was  torn  from 
his  grave.  His  body  was  hung  upon  the  gibbet  at  Tyburn,  and  those  of 
Bradshaw  and  Ireton  hung  there  with  him.  Some  of  us,  who  were  Uving  in 
the  early  part  of  this  century,  may  remember  wb at  this  apparatus  of  judicial 
or  political  vengeance  was.  Numbers  of  gibbets  stood  along  the  banks  of 
the  river,  on  lonely  heaths,  and  other  conspicuous  places.  The  festering 
carcase  dangled  in  chains  from  the  cross-bar  of  a  tall  upright  mast,  a  terror 
to  the  timid  and  a  jesting- stock  to  the  reckless  most  likely  to  mount  there 
in  their  turn.  The  wind,  rain,  and  vermin  mangled  the  flesh  into  fragments, 
the  tattered  rags  and  droppings  fouled  the  soil,  the  stench  was  horrible,  and 
infected  the  air  around  ;  the  sight  was  humiliating.  Yet  it  was  a  legal 
custom,  more  than  tolerated  in  an  unfastidious  age.  It  was  the  grave  un- 
masked. 

The  burning  of  heretics  and  witches  could  hardly  be  called  a  mode  of 
sepulture.  It  stood  more  in  the  light  of  a  punishment  or  a  mark  of  super- 
stition and  fanatical  hatred.     Drawing,  quartering,  and   garnishing  gates,. 
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'■^ridges,  and  battlements  with  the  heads,  limbs,  and  dismembered  trunks, 
certainly  was  a  way  of  disposing  of  the  dead  of  old  standing,  and  character- 

i'istically  adopted  by  the  sovereign  of  whom  Macaulay  says,  *  No  one  mag- 
nanimous or  human  action  is  recorded  of  him.'  After  the  Pretender's  defeat 
in  1745,  he  made  the  Scotch  Lords  Lovat,  Balmerino,  and  Kilmarnock  the  last 
examples  of  it.     They  offer  no  sanitary  lesson. 

In  1665,  London  had  only  a  trifle  over  500,000  inhabitants.  It  was  of 
no  great  size,  with  narrow  streets  and  ill-ventilated  houses.  A  large 
proportion  of  its  space  was  taken  up  by  churches  and  churchyards. 
These  churchyards,  in  the  midst  of  the  population,  were  the  only  places 
used  for  burial.  There  was  no  effective  drainage,  and  the  soil  must  have 
been  saturated  with  the  oozings  of  decomposition  from  the  bodies  accumu- 
lated during  the  many  hundred  years  of  the  city's  existence.  It  was  not,  as 
now,  merely  a  place  of  resort  for  business.  It  was  the  home  of  its  traders, 
who,  though  opulent  and  well-housed,  supported  dirt  and  foul  odours  as 
if  they  were  the  natural  accidents  of  town  life.  Even  in  times  not 
accounted  sickly,  the  rate  of  mortality  was  double  what  it  is  at  present.     It 

jhad  often  been  scourged  by  contagious  disease,  but  in  1665  a  pestilence  sur- 
passing in  horror  any  that  during  three  centuries  had  visited  the  island 
swept  away  in  six  months  more  than  100,000  human  beings.  This  was  a 
fifth  part  of  its  ordinary  population ;  but  a  much  larger  proportion  of  those 
who  had  not  the  means  of  seeking  safety  by  flight  remained  to  take  their 
chance.  The  city  graveyards,  already  overcharged,  could  not  receive  the 
dead.  But,  as  burial  was  the  only  expedient  thought  of,  pits  were  dug  in 
the  outskirts  ;  and  for  six  months  that  the  plague  lasted  the  dead-carts 
nightly  shot  corpses  into  them  by  scores.  For  years  these  ghastly  spots  were 
looked  upon  with  distrust,  and  left  unbuilt.  Though  the  plague  itself  did 
not  return,  one  of  the  best  known  of  them,  that  over  which  Little 
Marlborough  Street  now  runs,  proved  how  dangerous  a  proceeding  this  was. 
During  the  prevalence  of  cholera  in  1854,  in  spite  of  warning,  the  soil  was 
disturbed,  and  a  great  aggravation  of  the  disease  in  that  district  followed, 
doubtless  from  the  use  of  polluted  drinking  water  from  a  favourite  well. 
Fortunately,  fire  came  after  the  plague,  and  cleared  away  London  from  the 
Tower  to  the  Temple,  from  the  river  to  the  open  space  of  Smithfield. 
Fifteen  hundred  houses  and  eighty-nine  churches  were  in  ruins.  All  were 
rapidly  rebuilt,  the  churches  on  the  old  sites,  with  their  graveyards  around 

;them.  It  is  due  to  the  memory  of  Sir  Christopher  Wren  to  state  that 
suburban  cemeteries  formed  part  of  his  plan  for  the  restoration  of  London. 

Jt  may  be  inferred  what  were  the  practices  of  that  time,  when  we  find  him 

■  'advancing,  as  one  of  the  recommendations  of  his  new  grounds,  that  in  them 

• '  the  dead  need  not  be  disturbed  at  the  pleasure  of  the  sexton,  or  piled  four  or 
■five  upon  one  another,  or  bones  thrown  out  to  gain  room.'  He  was  overruled 
'by  the  Corporation.    The  system  of  intramural  burying  recommenced.    Every 

■inch  of  ground  and  every  dark  nook  under  a  church  was  disputed,  and  we 
may  recount  a  succession  of  vault  interments  ever  since  from  Milton's  in  St. 

•Oiles',  Cripplegate,  to  a  late  Lord  Mayor  in  St.  Paul's.  But  that  was  not 
enough.  The  cry  was  still  for  more  room.  Bunhill  Fields  was  then  out  of 
London,  almost  in  the  open  country.  Towards  the  end  of  his  life  Milton  had 
a  house  there.  About  the  same  time,  the  owners  of  a  large  piece  of  ground 
adjoining  opened  it  as  a  cemetery  on  speculation.  Bunyanand  Daniel  Defoe 
were  buried  there.     Thenceforth  it  became  the  Mecca  of  the  Dissenters.     No 

•  chapel,  no  altar  was  built  upon  it.  Its  popularity  was  something  extraordinary. 
It  soon  filled,  was  extended,  and  filled  again  and  again.     For  more  than  150 

.years  it  continued,  absorbing  generation  after  generation  of  Nonconformists, 
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till  at  last  it  swelled  high  above  the  road.  In  some  respects  it  was  perhaps- 
better  ordered  than  many  others  of  which  it  was  the  forerunner,  but  it  was 
the  type  of  a  series  of  imitations  which  grew  to  be  as  great  a  scandal  as  the- 
parochial  grounds. 

Our  predecessors  of  the  eighteenth  century  were  improving  in  many 
respects  beyond  theirs  of  the  seventeenth ;  but  for  burials  they  were  worse 
off  than  they  would  have  been  in  the  days  of  the  Tudors  and  Stuarts.  Towns 
grew  bigger  ;  the  churchyard  only  kept  within  its  old  boundary  walls.  It 
was  the  same  everywhere  ;  the  same  difficulty,  the  same  indifference.  New 
liberties  had  been  acquired,  new  interests  awakened.  Under  these  circum- 
stances men  were  tolerant  of  social  miseries,  were  satisfied  with  an  indifferent 
police  and  a  heedless  parochial  administration,  Uved  content  with  home  con- 
ditions as  they  found  them,  ascribed  all  calamities  to  Providence,  and  in  death 
had  no  other  thought  than  of  going  where  their  fathers  had  gone  before  them.- 
What  could  a  man  want  more  than  to  be  buried  in  his  parish  churchyard  ? 
An  admitted  right  shut  out  all  question  of  a  possible  danger.  The  church- 
yard was  there,  had  been  where  it  was  for  hundreds  of  years,  and,  for  aught 
that  could  be  seen,  might  be  there  for  ever.  It  was  the  business  of  the  sexton 
to  keep  the  ground  always  in  v/orking  order. 

But  with  settled  peace  in  Europe  came  time  for  reflection.  Thought 
was  directed  to  internal  affairs.  Interest  was  excited  about  many  matters- 
that  had  been  neglected,  or  left  entirely  to  local  authorities.  Advance  was 
made  on  all  points.  Social  and  political  changes  took  place.  Education 
was  demanded,  and,  above  the  rest,  medical  education  made  a  great  bound. 
More  students  came  to  the  schools,  and  there  was  more  teaching.  Anatomy 
especially  had  to  be  more  fully  demonstrated.  More  subjects  for  dissection 
had  to  be  procured.  Body-snatching  came  to  be  a  lucrative  occupation.  It 
suggested  new  crimes.  Not  only  the  pillage  of  the  graves  caused  anxiety  and 
suspicion  among  those  who  had  lost  relatives,  but  the  discovery  of  the  murders 
in  London  and  Edinburgh,  committed  expressly  for  the  supply  of  bodies  to  the 
profession,  gave  rise  to  a  general  feeling  of  insecurity.  The  vigilance  of  those 
responsible  in  the  medical  schools  and  the  Anatomy  Bill  of  1832  put  a  stop  to 
the  murders.  But  the  robbing  of  graves  for  the  sale  of  bodies  had  made  a 
strong  imprsssion  on  the  pubUc.  Their  first  concern  was  about  the  security 
of  the  dead.  Censurable  laxity  in  the  management  of  the  churchyards  had 
to  be  redressed,  and  in  looking  into  this  matter  other  evils  forced  themselves 
into  notice.  Churchyard  literature  appeared,  and  more  than  met  the  curiosity 
of  the  public.  It  startled  everybody.  Mr.  G.  A.  Walker,  a  London  surgeon, 
published  a  book  in  1839,  entitled  '  Gatherings  in  Graveyards.'  He  related  a 
mass  of  evidence  proving  both  that  the  directors  were  negligent  as  regards  the 
safe  keeping  of  the  bodies  under  their  charge  from  outside  marauders,  and  that 
in  most  cases  their  malpractices  went  so  far  as  a  systematic  violation  of  the 
purchased  graves  for  their  own  profit,  taking  out  the  dead  from  the  coffins  to 
make  room  for  fresh  interments.  He  also  brought  forward  the  question  of  the 
influence  of  burying  the  dead  in  the  midst  of  the  living,  and  gave  a  detail  of  the 
dangers  and  fatal  consequences  resulting  from  the  practice.  Mr.  Sopwith 
further  took  upon  himself  the  task  of  calculating  and  reducing  to  demon- 
stration the  inadequacy  of  the  space  used  as  burying  ground  for  the  number 
of  dead  requiring  interment. 

The  first  effect  of  this  agitation  was  to  foment  into  joint  action  the  cupidity 
of  speculative  and  the  sensibility  of  nascent  sanitarianism  by  the  formation 
of  new  suburban  cemetery  companies.  Kensal  Green  and  Norwood  were- 
attractively  laid  out,  and  offered  to  the  public  *  with  genuine  mercantile 
officiousness.'      They  were  eagerly  caught  at,  and  frequented ;  but,  as  aa 
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official  report  states,  they  '  have  done  little  in  improving  the  last  service 
performed  for  the  dead.' 

It  became  at  length  impossible  for  the  Government  to  withhold  interfer- 
ence. In  1842,  under  the  ministry  of  Sir  Kobert  Peel,  a  Parliamentary  Com- 
mission was  appointed  to  inquire  into  the  sanitary  condition  of  the  labouring 
population  of  Great  Britain.  Mr.  (afterwards  Sir  Edwin)  Chadwick  was 
requested  by  Sir  James  Graham,  Secretary  for  the  Home  Department,  to 
conduct  a  special  inquiry  into  the  practice  of  interment  in  towns  and  to  make 
a  report  thereon.  This  report  was  presented  to  both  Houses  of  Parliament 
in  1843,  and  is  most  elaborate.  The  evidence  and  recommendations  wliich  it 
contained  formed  the  base  of  useful  operation.  A  Board  of  Health  was 
established.  The  Commissioners  examined  a  great  number  of  witnesses, 
printed  their  statements,  and  issued  a  report  in  1850,  signed  by  Dr. 
Sutherland.  This  report  confirmed  all  that  had  before  been  made  known 
as  to  the  state  of  the  burial  grounds,  their  evil  influence,  and  the  necessity 
of  authoritative  regulation  of  the  practice  of  interments  throughout  the 
kingdom.  It  also  included  many  new  details  respecting  country  places.  Two 
3^ears  afterwards,  in  1855,  an  Act,  known  as  the  Burial  Act,  was  passed.  This 
Act  put  it  in  the  power  of  local  authorities  to  shut  up  or  regulate  all  the  grave- 
yards which  '  were  conducted  in  such  a  manner  as  to  be  dangerous  to  health,. 
or  offensive,  or  contrary  to  decency.'  The  onus  of  providing  cemeteries  for 
the  people  was  laid  on  the  parochial  boards  and  borough  councils,  which 
were  empowered  to  take  ground  for  the  purpose.  Sir  G.  C.  Lewis,  Home 
Secretary  in  1868,  issued  regulations  for  the  burial-grounds  under  the  Burials 
Act.     In  them  the  following  rules  were  laid  down  : — 

'  (a)  The  grave  spaces  for  the  burial  of  persons  above  twelve  years  of  age 
shall  be  at  least  9  feet  by  4  feet,  and  those  for  the  burial  of  children  under 
twelve  years  of  age  6  feet  by  3  feet,  or  4^  feet  by  4  feet. 

'  (&)  One  body  only  shall  be  buried  in  a  grave  at  one  time,  unless  the 
bodies  be  those  of  members  of  the  same  family. 

'  (c)  No  unwalled  grave  shall  be  reopened  within  fourteen  years  after  the 
burial  of  a  person  above  twelve  years  of  age,  or  within  eight  years  after  the 
burial  of  a  child  under  twelve  years  of  age,  unless  to  bury  the  body  of  another 
member  of  the  same  family,  in  which  case  a  layer  of  earth,  not  less  than 
1  foot  thick,  shall  be  left  undisturbed  above  the  previously  buried  coffin. 

'  (d)  No  coffin  shall  be  buried  in  any  unwalled  grave  within  4  feet  of  the 
ordinary  level  of  the  ground,  unless  it  contains  the  body  of  a  child  under 
twelve  years  of  age,  when  it  shall  not  be  less  than  8  feet  below  the  level.' 

By  this  time  some  400  local  Burial  Boards  had  been  constituted.  Five 
hundred  Orders  in  Council  had  caused  the  closing  and  regulating  (that  is, 
forbidding  all  interments  except  in  family  graves)  of  about  4,000  old  burial- 
grounds.  These  proceedings  threw  upon  the  ratepayers  a  very  heavy  burden, 
amounting  then  to  about  one  million  and  a  half. 

In  1867  there  was  legislation  for  Scotland,  and  the  Public  Health  Act  of 
that  year  enacted  that  '  any  churchyard,  cemetery,  or  place  of  sepulture,  so 
situated  or  so  crowded  with  bodies,  or  otherwise  so  conducted  as  to  be 
offensive  or  injurious  to  health,  may  be  treated  as  a  nuisance,  and  shut  up 
or  regulated,  on  satisfactory  proof  being  laid  before  the  Sheriff  by  the  local 
authority  of  the  place  in  which  the  graveyard  is  situated.'  Many  cemeteries 
in  various  parts  of  Scotland  were  in  consequence  shut  up,  and  companies 
formed  for  providing  accommodation.  These  companies,  though  organised 
by  humane  and  public-spirited  citizens,  are  now  conducted  on  purely  com- 
mercial principles.  There  is  sufficient  justification  in  the  reports  which  have 
from  time  to  time  been  made  as  to  their  condition  for  the  assertion  that '  the 
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^uty  of  the  local  authorities  in  respect  to  their  proper  use  and  conservation 
is  either  very  imperfectly  performed  or  not  attended  to  at  all.'  Even  in 
Edinburgh,  where  the  matter  was  investigated  by  the  Health  authorities  in 
1883,  most  insanitary  and  unseemly  conditions  existed.  Some  of  the  grosser 
•abuses  connected  with  vault  burials  and  city  churchyards  had  been  removed  ; 
but  a  recent  writer  on  the  subjcet  declares  that  the  methods  of  treating  the 
bodies  of  the  poor  in  that  city  '  would  not  be  tolerated  in  any  other  country 
in  Europe.'  He  insists  upon  the  necessity  of  further  legislation  to  put  all 
private  cemetery  companies  under  the  Government  regulations  for  burial  in 
grounds  under  the  Burial  Acts.  But  experience  elsewhere  shows  that  this 
will  only  give  a  partial  and  short-lasting  relief. 

For  the  last  forty  years,  we  in  England  have  been  living  with  the  ques- 
tion of  the  disposal  of  the  dead  in  a  state  of  tentative  experimentation.  We 
have  been  disciphned  by  Burial  Laws  and  Orders  in  Council,  directed  and 
regulated  by  Boards  of  Health  and  Burial  Boards,  general  and  local,  super- 
intended by  Officers  of  Health,  scrutinised  by  inspectors,  certified  by  doctors 
and  registrars,  lectured  and  advised  by  Sanitary  Societies  and  Congresses. 
We  have  closed  the  vaults  of  our  churches,  we  have  tried  suburban  cemeteries, 
we  have  been  embarrassed  by  no  extraordinary  pestilence,  and  we  have 
cleared  away  a  great  mass  of  perishable  population  by  emigration  ;  and  yet 
we  are  in  the  midst  of  wide  diversities  of  opinion  and  no  httle  perplexity. 
We  find  that  we  have  had  only  a  temporary  respite,  and  that  we  have  done 
Ho  more  than  shift  the  locality  of  the  evil  of  burying.  The  dead  are  more 
numerous  than  ever  ;  many  cemeteries  are  filling  to  repletion,  are  no  longer 
isolated,  and  only  suburban  in  name.  The  question  what  we  had  better  do 
with  our  dead  is  as  open  as  ever,  and  while  we  drift  with  the  current  customs 
it  grows  in  urgency  day  by  day. 

Looking  at  the  matter  from  a  scientific  point  of  view,  and  apart  from 
sentiment,  many  alternative  methods  have  been  proposed,  and  some  of  them 
tested.  But  after  all,  burying,  with  its  increasing  difficulties,  and  in  spite  of 
its  experienced  evils  and  abuses,  is  the  dominant  idea.  That  it  should  have 
adherents,  even  among  those  who  can  see  the  harm  it  leads  to,  is  natural. 
That  it  has  defenders  and  advocates  is  but  too  true,  and  makes  it  necessary, 
in  considering  the  expediency  and  practicability  of  other  schemes  for  treat- 
ing the  dead,  once  more  to  expose  the  evils  and  abuses  they  are  intended 
to  obviate. 

Modern  Burial 

If  we  were  living  a  nomad  life,  the  question  of  burial  would  be  of  little 
importance.  A  dead  body  would  lie  alone  where  it  fell,  covered  with  a  few 
feet  of  soil,  and  there  undergo  its  natural  dissolution.  The  earth  would  re- 
tain and  assimilate  its  share  of  the  remains.  The  gases  would  be  dispersed 
on  the  winds  and  imperceptibly  disappear.  Repeated  from  time  to  time,  and 
at  distant  spots,  the  survivors  would  always  be  ovit  of  reach  of  any  harm. 
But  when  population  is  centralised,  the  very  circumstances  of  civilisation 
prevent  dispersion.  Time  and  money  are  both  wanting.  The  poor  in  death 
are  more  powerful  than  the  rich — in  numbers  greater,  a  majority  of  the 
majority,  and  quite  as  putrefactive  as  Dives.  It  is  the  accumulation  of  the 
dead  in  living  communities  that  is  the  source  of  mischief.  A  generation  of 
corruptive  bodies  may  last  as  long  as  a  generation  of  men,  and,  instead  of  giv- 
ing place  the  one  to  the  other,  the  dead  take  time  to  decay  while  the  living  die. 
Life,  in  fact,  is  on  an  average  shorter  than  decay,  and  the  second  generation 
of  living  intrude  upon  their  predecessors.  The  succession  is  too  quick.  In 
this  fact  lies  the  difficulty  of  cemetery  burial,  and  out  of  it  have  sprung  its 
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'evils  and  abuses.  The  law  has  failed  to  make  the  right  of  the  dead  to  the 
.grave  sufficiently  long ;  thoughtlessness  and  cupidity  have  encroached  upon 
this  right.  So,  from  this  want  of  protection,  and  the  working  of  these  human 
failings,  the  churchyard  has  become  an  offence  and  often  a  scourge.  We 
have,  then,  to  treat  of  three  points  : — (1)  The  inherent  evil  of  collective  burial ; 
(2)  the  bad  management  of  cemeteries  ;  (3)  the  shortcomings  of  the  law  in 
relation  to  them. 

(1)  The  Evils  of  Burial. — The  charge  made  against  the  practice  of  burial 
may  be  summed  up  as  follows : — Generally,  the  places  used  for  the  purpose 
are  sometimes  offensive ;  this  offensiveness  is  caused  by  the  decomposition 
of  the  animal  matter  deposited  in  them  ;  the  offensiveness  is  intensified  into 
mischief  by  the  undue  agglomeration  of  decomposing  bodies  ;  they  predispose 
to  disease,  and  are  a  source  of  disease,  by  the  products  of  decomposition 
poisoning  earth  and  water  as  well  as  air,  and  by  preserving  the  germs  of 
infective  diseases.  Specially,  as  regards  this  country,  many  have  always  been 
in  a  bad  state,  and  are  so  still.  They  have  never  been  of  adequate  size. 
They  do  not  now  furnish  the  accommodation  required. 

Burial-grounds  are  Offensive. — This  may  be  a  truism,  but  it  is  a  truism 
which  everyone  would  be  glad  to  see  falsified.  Forty  years  ago,  whoever 
walked  the  streets  of  London  knew  what  was  to  be  met  with  in  passing  by 
certain  burial-places.  It  scarcely  seems  to  be  a  matter  on  which  to  take 
formal  evidence,  but  all  classes  of  witnesses  before  the  Commissions  of  which 
mention  has  been  made  began  with  this  point,  and  bore  testimony  that 
the  stench  proceeding  from  them  Vv^as  frequently  so  great  that  the  residents 
in  the  neighbourhood  were  obliged  to  shut  their  windows  for  hours  and  days 
together,  and  complained  of  being  subject  to  headaches,  nausea,  sore  throats, 
and  diarrhoea.  In  vain  the  surface  was  covered  with  flagstones  and  monu- 
ments ;  in  vain  couch-grass,  violets,  roses,  weeping  willows,  cypresses,  were 
3)lanted  ;  the  soil  was  found  as  a  black,  unctuous,  animahsed  compost,  giving 
out,  not  the  smell  of  earth,  but  a  material  cadaveric  something,  as  impalpable 
and  unanalysable  as  the  scent  of  musk — a  diluted,  diffusible  poison,  which 
only  waits  to  meet  with  certain  susceptibilities,  or  a  concurrence  of  circum- 
stances, to  show  its  effects.  The  only  word  that  can  be  said  about  it  which 
is  not  a  condemnation  is  that  by  its  disgusting  character  it  gives  warning  of 
the  approach  of  matters  containing  noxious  properties. 

The  offensiveness  protested  against  comes  from  putrefying  matter  in  the 
graveyards.  But  we  have  no  right  to  call  decomposition  itself  an  evil,  any 
more  than  to  say  so  of  a  volcano.  No  man  in  his  senses  would  go  to  hve 
near  the  mouth  of  a  crater,  and  none  but  an  idiot  would  store  up  putrefying 
matters  under  his  window.  When  a  bee  dies  it  is  carried  away  from  the 
hive.  Old  birds  cast  out  any  dead  fledglings  from  the  nest.  All  natural 
phenomena  are  in  man's  favour  if  he  does  not  interfere  with  them  injudici- 
ously. The  rain  falls  in  fertilising  drops  over  the  face  of  the  earth,  but  that 
is  no  reason  why  man  should  collect  it  in  a  cistern  to  drown  himself.  The 
resolution  of  organic  remains  into  their  elements  is  in  the  cycle  of  Nature's 
operations.     It  is  indispensable  for  the  reproduction  of  living  beings. 

As  Parkes  wrote  :  '  The  body  returns  to  its  elements  and  gradually,  and 
often  by  the  means  of  other  forms  of  life  which  prey  upon  it,  a  large  amount 
of  it  forms  carbonic  acid,  ammonia,  sulphuretted  and  carburet  ted  hydrogen, 
nitrous  and  nitric  acid,  and  various  more  complex  gaseous  products,  many  of 
which  are  very  foetid,  but  which,  however,  are  eventually  all  oxygenised 
into  simpler  combinations.' 

Playfair  says  :  '  There  are  two  kinds  of  changes  which  animal  and  vege- 
table matters  undergo  when  exposed  to  certain  influences.     These  are  known 
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by  the  terms  of  "  decay  "  and  "  putrefaction."  Decay,  properly  so  called,  is  a 
union  of  the  elements  of  organic  matter  with  the  oxygen  of  the  air  ;  while 
putrefaction,  although  generally  commencing  with  decay,  is  a  change  or 
transformation  of  the  elements  of  the  organic  body  itself,  without  any  neces- 
sary union  with  the  oxygen  of  the  air.  When  decay  proceeds  in  a  body 
without  putrefaction,  offensive  smells  are  not  generated,  but  if  the  air  in 
contact  with  the  decaying  matter  be  in  any  way  deficient,  the  decay  passes 
into  putrefaction,  and  putrid  smells  arise.' 

Now,  man's  interference  with  this  natural  process  by  way  of  burial  is 
due  either  to  ignorance,  or  want  of  reflection,  or  to  '  the  instinct  of  affection 
which  most  naturally  follows  even  the  sadly  changed  remains  of  our  dearest 
relatives.'  We  forget  that  what  is  given  is  '  taken  away,'  and  that,  once  life 
has  ceased,  the  body  is  no  longer  personal  property. 

By  putting  a  body  in  a  grave  we  thwart  the  purpose  of  restitution.  By- 
using  coffins  and  lead,  we  go  still  farther  in  the  way  of  detention.  We- 
'  make  more  and  more  deficient  the  air  in  contact  with  the  decaying  matter, 
and  decay  passes  into  putrefaction  and  putrid  smells  arise.' 

Intensified  hy  Accumulation. — We  create  an  evil,  and,  worse  still,  we  aggra- 
vate that  evil  by  the  insensate  habitude  of  using  the  same  place  for  the  same 
purpose  of  burial  with  incessant  iteration.  It  set  a  bad  example  in  creatmg 
churchyards.  Sectarians  who  objected  to  the  ritual  observed  in  consecrated 
ground  met  with  no  obstacle  to  filling  their  own  chapel-yards  ;  and  others, 
with  no  higher  motive  than  gain,  took  advantage  of  the  free  trade  in  burial  to 
make  provision  for  a  public  want.  Official  reports  tell  us  what  this  ecclesi- 
astical conservatism  and  independent  action  ended  in.  One  report  to  the 
Board  of  Health  in  1850  says  :  '  In  Bethnal  Green  burial-ground  alone,  con- 
sisting of  an  area  of  about  two  acres  and  a  half,  there  have  been  interred  since 
its  opening,  in  the  year  1746,  upwards  of  56,000  dead  bodies.  In  Bunhill 
Fields  burial-ground,  City  Eoad,  consisting  of  an  area  of  less  than  four  acres, 
there  have  been  interred,  from  April  1713  to  August  1832,  according  to  the 
registry,  which,  however,  in  the  earlier  years  was  very  imperfectly  kept,. 
107,416  bodies.  But  in  St.  Pancras  Churchyard,  one-half  of  which  has  been 
used  as  a  burial-place  for  at  least  six  centuries,  there  have  been  deposited  the 
remains  of  more  than  twenty  generations  ;  and  in  this  space  of  ground,  which, 
does  not  even  now  exceed  four  acres,  and  a  large  portion  of  which  was 
considered  as  fuU  to  excess  twenty  years  ago,  there  have  been  interred  since 
that  period  upwards  of  26,000  bodies.' 

Sir  E.  Chadwick  reports  that,  'in  the  metropolis,  on  spaces  of  ground.' 
which  do  not  exceed  203  acres,  closely  surrounded  by  the  abodes  of  the  living, 
layer  upon  layer,  each  consisting  of  a  population  numerically  equivalent  to 
a  large  army  of  20,000  adults  and  nearly  30,000  youths  and  children,  is 
every  year  imperfectly  interred.  Within  the  period  of  the  existence  of  the 
present  generation  upwards  of  a  million  of  dead  must  have  been  interred  in 
those  same  spaces.' 

Dr.  Sutherland,  in  writing  to  the  Board  of  Health  in  1850,  says  :  '  It  is 
not  too  much  to  assert  that  it  would  require  centuries  of  judicious  manage- 
ment to  purify  the  soil  of  the  existing  burial-places,  so  as  to  make  it  fit  for 
fresh  interments.  Some  burial-grounds  which  I  have  myself  visited  appear 
to  consist  entirely  of  crushed  bones  and  unctuous  animal  mould.  A  few 
days  ago  I  saw  a  grave  in  the  process  of  being  opened,  in  a  graveyard  in 
Upper  Whitecross  Street,  belonging  to  the  parish  of  St,  Giles,  Cripplegate. 
It  was  about  six  feet  deep,  and  appeared  to  have  been  cut  out  of  a  '  breccia  ' 
of  human  bones.  The  grave-digger  was  breakmg  or  laying  bare  large  frag- 
ments with  every  stroke  of  the  pickaxe,  and  on  the  surface  there  were  five- 
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skulls,  four  of  them  entire,  and  the  bones  of  apparently  as  many  skeletons,, 
so  fresh  that  the  soft  parts  might  have  been  just  removed.' 

In  another  report  in  1851,  Mr.  Lee,  a  superintending  inspector,  states 
that  '  the  graveyards  of  country  towns  were  in  general  in  no  better  condition 
than  those  of  the  metropoKs,  and  that  the  practices  of  interment  in  use 
among  some  of  them  were  even  worse.'  Of  Norwich  it  says  :  '  As  far  back 
as  1671,  it  appears  from  the  following  extract  from  Evelyn's  "  Memoirs  "  of 
that  date  that  the  greater  part  of  the  burial-grounds  of  this  town  were  then 
full  and  quite  unfit  for  further  interments.  Evelyn  says  :  "  I  observed  that, 
most  of  the  churchyards  (though  some  of  them  large  enough)  were  filled  up 
with  earth,  or  rather,  the  congestion  of  dead  bodies  one  on  another,  for  want 
of  earth,  even  to  the  very  top  of  the  walls,  and  some  above  the  walls,  so  as 
the  churches  seem  to  be  built  in  pits."  The  addition  of  all  who  have  died  in 
this  great  city  during  nearly  two  centuries  that  have  elapsed  since  Evelyn 
wrote  has  of  course  made  their  condition  still  worse.  It  is  probable  that 
above  a  quarter  of  a  million  of  human  bodies  have  been  interred  since  it 
was  said  that  the  earth  was  raised  by  "  the  congestion  of  dead  bodies  one 
above  another,  for  want  of  earth,  even  to  the  very  top  of  the  walls,  and  some 
above  the  walls  ; ' '  and  all  this  in  the  midst  of  a  dense  population.  I  inspected 
the  whole  of  the  burial-grounds  attached  to  both  chm'ches  and  chapels,  and 
declare  without  hesitation,  of  all  the  thirty-four  parish  churchyards  in  the 
city,  that  a  very  large  portion  of  the  soil  for  the  depth  of  many  feet  consists 
of  decomposed  human  bodies.' 

On  the  other  side  of  the  Atlantic,  where  the  cemeteries  are  not  ancient, 
the  same  massing  of  bodies  takes  place.  Dr.  Peacock,  of  New  York,  in  a. 
paper  read  before  one  of  the  medical  societies,  April  1889,  tells  us  that  *  in 
the  New  York  City  cemetery  there  are  no  single  interments.  The  bodies  are^ 
placed  in  trenches,  dug  in  regular  rows,  45  feet  long,  14  feet  wide,  and  10  feet 
deep.  Each  of  these  pits  will  hold  150  bodies,  which  are  laid  three  deep  in 
six  rows  of  twenty-five  each.  In  1887,  4,158  bodies  were  buried  there  ;  the 
interments  averaging  about  thirty  per  day.  In  the  public  or  poor  quarter  of 
Calvary  Cemetery  a  trench  is  dug  7  feet  wide,  10  to  12  feet  deep,  and  of  indefi- 
nite length,  in  which  the  coffins  are  stowed  tier  upon  tier,  making  a  flight  of 
steps  five  or  more  deep,  and  with  not  enough  earth  to  hide  one  from  the 
next.  The  cemeteries  of  Newtown,  L.I.,  contain  more  than  3,500,000  human 
remams,  and  receive  annually  30,000  bodies  of  people  dying  in  New  York 
and  Brooklyn.' 

The  state  of  vaults  under  churches  and  in  cemeteries  is  in  no  respect 
better  as  regards  crowding.  In  the  vault  of  St.  Peter's,  Cornhill,  there  were 
72  coffins  ;  in  St.  Andrew's  Uudershaft,  77  ;  in  St.  Mary-at-Hill,  about  150 ;  in 
St.  Mary-le-Bow  and  St.  Bride's,  500  each  ;  in  St.  Mary's  Woolnoth,  1,100  ; 
in  the  vaults  of  the  cemetery,  Bayswater  Road,  1,120.  In  the  vaults  and  cata- 
combs of  St.  Martin-in-the- Fields  the  number  was  still  larger.  Dr.  Waller 
Lewis  suffered  severely  from  his  examination  of  these  and  other  vaults,  and 
reported  them  all  as  being  in  a  disgraceful  condition.  '  In  St.  Mary-at-Hill, 
some  150  coffins  are  placed  in  all  possible  positions,  piled  one  above  another, 
the  lower  crushed  by  the  weight  of  those  above.  The  great  majority  are 
broken  and  decayed  ;  the  remnants  of  mortality  falling  out  between  the  rows 
of  coffins.  Many  of  the  coffins  are  so  fragile,  and  the  piles  so  much  out  of 
the  perpendicular,  that  it  is  dangerous  to  approach  them.  Many  of  these  are 
of  wood  only,  and  a  mere  touch  exposes  the  skeleton.  All  are  covered  with 
enormous  cobwebs  and  fungi,  dirt  and  filth.  In  the  two  farther  corners  large 
collections  of  bones  are  piled  together,  without  any  attempt  at  order  or 
decency.'     Strong  leaden  coffins  will  retain  all  the  products  of  decomposition. 
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for  a  very  long  period.  In  one  instance,  a  coffin  that  had  been  in  the  vaults 
for  sixty-seven  years  was  perfectly  air-tight  and  contained  nearly  two  gallons 
of  a  coffee-coloured  anamoniacal  fluid.  But  in  the  wooden  coffins  decompo- 
sition goes  on  much  more  rapidly.  Three  or  four  years  generally  suffice  to 
reduce  the  contents  to  a  dry  powdery  skeleton.  The  surrounding  air  soon 
becomes  charged  with  the  products,  and  it  is  impossible  to  enter  some  of  the 
vaults  without  ventilation  for  twenty-four  hours  previously.  It  was  a  general 
■custom  to  clear  the  vaults  from  time  to  time  by  removing  the  old  coffins  to 
make  room  for  others.  On  one  occasion  *  it  took  a  week  to  do  it.'  The 
Commissioners  could  not  do  otherwise,  in  view  of  all  the  evidence  before 
them,  than  adopt  the  conclusion  in  regard  to  the  physical  evils  connected 
with  the  practice  of  interment  thus  expressed  by  Chadwick  :  '  That  this 
injurious  influence  is  manifest  in  proportion  to  the  degree  of  concentration  of 
putrid  emanations,  especially  in  confined  spaces.'  Happily,  this  description 
:is  no  longer  appHcable  to  existing  churchyards  and  cemeteries. 

Burial-grounds  predispose  to  Disease  and  are  the  Source  of  Actual 
Disease. — Early  writers  on  the  evils  of  burial  thought  it  necessary  to  amass 
voluminous  evidence  of  the  fact  that  emanations  from  graves  would  cause 
illness  and  death.  The  world  was  sceptical.  Burial  seemed  so  natural,  and 
was  so  sanctioned  a  custom,  that  it  sounded  like  heresy  to  speak  ill  of  it.  At 
the  present  time  opinion  has  changed.  Attention  has  been  awakened,  and 
action  shows  that  conviction  of  the  truth  has  penetrated  many  minds. 
People  suffer  inconvenience,  and,  having  got  rid  of  the  delusion  that  a  thing 
so  intangible  as  a  smell  can  do  no  harm,  move  away  from  cemeteries.  They 
have  been  told  that  the  diseases  of  which  men  die  engender  morbific  germs, 
that  such  germs  escape  from  the  grave,  and  are  ready  for  the  act  of  repro- 
duction as  soon  as  they  happen  to  find  a  suitable  living  being  to  breed  in. 
The  realisation  of  the  idea  of  cause  and  effect  was  not  here  quite  as  easy  as 
in  the  case  of  a  shadow  falling  behind  an  object  which  intercepts  a  ray  of 
light,  but  it  is  well  enough  understood  to  be  a  motive  for  action.  The  first 
imperfect  result  of  the  instinct  of  self-preservation  has  been  to  remove  ceme- 
teries to  a  distance.  New  evidence  is  not  needed.  The  old  arguments  were 
put  together  to  show  that  some  modification  of  the  way  of  burial  was  wanted, 
and  to  induce  a  behef  in  the  necessity  of  improvement.  Considering  that 
burial  is  essentially  wrong,  and  that  it  is  impossible,  as  society  is  now 
arranged,  to  overcome  the  objectionable  conditions,  and  that  some  other  mode 
of  disposing  of  the  dead  must  be  accepted,  a  fragment  of  the  evidence  already 
used  will  suffice  for  present  purposes. 

When  the  fear  of  contagion  was  vague,  and  founded  upon  a  notion  of 
something  more  like  a  demon  than  a  mushroom,  all  that  could  be  done  was 
to  hold  forth  about  vaporous  influence  and  to  give  cautions.  We  were  con- 
vinced that  the  phenomena  of  disease,  however  capricious  they  may  seem, 
are  obedient  to  some  absolute  uniformity,  are  enchained  by  that  same  rigid 
sequence  of  cause  and  effect  which  is  imposed  on  all  remaining  nature.  But 
there  was  a  blank.  The  effect  was  appreciable,  the  cause  was  suspected,  but 
we  could  not  point  out  definitely  how  the  sequence  was  effected.  We  could 
speak  of  facts  alone  with  a  short  empirical  knowledge  of  their  succession. 
But  now,  thanks  to  modern  research,  we  have  advanced  beyond  that  empiri- 
cism. Certain  laws  of  disease  have  been  determined.  The  sequences  of  the 
facts  to  which  they  relate  are  elucidated.  We  can  guide  our  actions  upon 
them.  We  have  learnt  that  decomposition  is  not  so  purely  a  chemical  pro- 
ceeding as  it  appeared  to  be,  that  the  dissipation  of  elements  is  attended  with 
other  phenomena.  There  is  hfe  in  death.  Incalculable  numbers  of  living 
•organisms  find  their  habitat  in  a  decomposing  body — some  engaged  in  the 
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work  of  destruction,  others  of  a  different  kind  concerned  only  with  the  re- 
production of  the  progeny  of  disease  propagators.  We  have  come  to  know  a 
great  deal  of  their  natural  history,  and  especially  how  much  they  have  to  do 
with  the  communication  and  character  of  disease.  We  can  now  trace 
materially  the  connection  between  the  dead  body  in  the  grave  and  the  living: 
body  in  his  bed.  We  can  fill  in  the  missing  link  between  the  disease  that  has 
killed  and  that  which  is  killing.  We  can  demonstrate  microscopically  the 
microbic  agent  which  serves  to  convey  and  inflict  the  infection.  The  gaseous 
emanations  which  escape  from  the  graves  of  bodies  dead  from  infectious  dis- 
eases in  like  manner  may  carry  floating  in  them,  and  mixing  with  the  air  we 
breathe,  the  spores  of  those  diseases.  They  enter  the  system  of  those  exposed 
to  them,  and  under  favouring  circumstances  the  disease  develops  itself  anew.. 
Dr.  Copland,  in  his  evidence  before  the  Committee  of  the  House  of  Commons, 
related  that  one  of  his  patients  went  to  a  chapel  where  the  principal  part  of  the 
hearers,  as  they  died,  were  buried  in  the  ground  or  vaults  underneath.  On 
going  up  the  steps  of  the  chapel,  he  felt  a  rush  of  foul  air  issuing  from  the 
gratings  on  each  side  of  the  steps  ;  the  effect  was  instantaneous.  It  produced 
a  feeling  of  sinking,  with  nausea  and  great  debility.  He  went  home  and  to 
bed.  Eight  days  afterwards  he  died  of  malignant  fever.  In  the  early  part 
of  his  illness  his  wife  had  slept  in  the  same  bed.  She  caught  the  disease  and 
died  in  eight  days  also,  having  experienced  the  same  symptoms. 

Water  Pollution. — It  may  be  affirmed  on  the  authority  of  Pasteur  that  nO' 
germs  can  be  found,  no  germs  exist,  in  spring  water  at  its  source.  But 
deaths  do  occur  after  drinking  the  water  of  certain  wells.  Some  people 
livmg  in  a  mountainous  country,  and  having  very  little  communication  with 
each  other,  were  ia  the  habit  of  quenching  their  thirst  at  a  neighbourmg 
well  after  the  Sunday's  attendance  at  the  church  of  the  district.  A  young 
man  died  of  diphtheria  and  was  buried  in  the  yard.  The  drinking  continued, 
and  in  a  short  time  twenty  of  these  peasants  were  carried  off  by  the  same 
disease.  If  asked  how  are  we  to  account  for  this  accident  but  on  the  pre- 
sumption that  the  germs  of  the  disease  found  their  way  into  the  water  of 
the  well,  various  explanations,  such  as  a  milk  outbreak  or  personal  com- 
munication, may  be  imagined,  but  none  which  so  exactly  correspond  with  the 
circumstances.  That  water  will  carry  with  it  through  the  ground  saline  solu- 
tions to  a  considerable  distance  is  shown  by  experiment.  A  salt  of  lithium  was 
sown  over  a  plot  of  land  more  than  150  yards  distant  from  a  well,  the  water 
of  which  contained  no  lithium.  Eepeated  examinations  were  made,  but  it  was 
only  on  the  eighteenth  day  that  tests  proved  tbe  solution  had  percolated 
through  the  soil  into  the  well.  Animal  impurities  in  water-courses  declare 
themselves  to  the  senses,  and  instances  of  contamination  are  too  well  known.. 
Where  animal  matter  finds  its  way,  there  can  be  no  obstacle  to  the  migration  of 
microbes.  In  consequence  of  various  investigations  in  France,  a  law  was  passed 
prohibiting  the  opening  of  wells  within  100  yards  of  any  place  of  burial ;  but 
this  distance  is  now  stated  to  be  insufficient  for  deep  wells,  which  have  been 
found  polluted  at  a  distance  of  from  150  to  200  yards.  In  some  parts  of 
Germany,  the  opening  of  wells  nearer  than  300  feet  has  been  prohibited.  In 
London  it  has  been  found  necessary  to  shut  up  most  of  the  City  wells  on 
account  of  contamination  of  the  water. 

One  of  the  main  arguments  against  the  use  of  ground  for  burial  is  that, 
over  and  above  the  noxious  emanations  which  it  emits,  it  has  the  property 
of  preserving  for  so  long  a  time  the  poisonous  chemical  combinations 
developed  during  decomposition  and  the  dangerous  organisms  placed  there 
in  bodies  after  death  from  infectious  diseases.  Many  proofs  could  be  given 
of  this  fact,  but  it  is  well  enough  exemplified  by  a  remarkable  case,  cited  on 
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the  high  authority  of  Mr.  Wheelhoiase,  of  Leeds,  where  the  seeds  of  scarlet 
fever  germinated  after  having  been  buried  for  thirty  years.  In  a  Yorkshire 
village,  part  of  a  graveyard  was  taken  into  the  adjoining  rectory  garden. 
The  earth  was  dug  up,  and  scarlet  fever  soon  broke  out  in  the  rectory  nursery, 
and  thence  spread  over  the  village.  Mr.  "Wheelhouse  satisfied  himself  that 
there  were  no  other  ascertainable  causes  for  the  outbreak.  It  proved  to  be 
of  the  same  virulent  character  as  the  scarlet  fever  which,  thirty  years  before, 
had  destroyed  the  villagers  who  were  bmied  in  the  precise  part  of  the  church- 
yard which  had  been  taken  into  the  garden  and  dug  up.  Great  force  is  given 
to  this  argument  by  the  observations  and  experiments  of  Pasteur,  to  whom 
we  may  chiefly  attribute  the  rapid  advance  in  recent  years  of  our  knowledge 
of  the  dependence  of  a  considerable  number  of  contagious  and  infectious 
diseases  upon  the  action  of  a  morbid  poison,  or  of  some  low  form  of  vegetable 
or  animal  organism,  each  form  or  variety  causing  some  definite  form  or 
variety  of  specific  disease.  Through  him,  and  those  who  have  followed  his 
teaching  and  example,  we  have  become  famiUar  with  microbic  association 
and  influence.  But  it  is  doubtful  whether  many  have  thought  much  &f  the 
way  in  which  we  preserve  these  microscopic  enemies  of  the  human  race  and 
assist  them  in  their  ravages.  We  attempt  to  destroy  them  while  our  patients 
are  ahve  by  the  use  of  antiseptics  and  disinfectants  ;  and  in  the  same  way, 
and  by  isolation  of  the  patients,  we  try  to  prevent  their  extension  from  sick 
to  healthy  persons.  But  as  soon  as  a  patient  is  dead,  the  body  is  disposed  of 
in  the  very  way  of  all  others  most  favourable  for  the  consen^ation  and 
multiplication  of  microbes.  It  is  time  that  the  lesson  we  have  learnt  should 
be  brought  to  bear  upon  the  question  of  burial. 

In  Pasteur's  investigations  of  the  subject  of  charbon  in  animals,  after 
Tiaving  determined  the  cause  of  the  disease  and  its  f  acihty  of  propagation,  he 
was  at  a  loss  to  know  how  the  spores  were  introduced  into  the  system  in 
cases  of  spontaneous  disease  without  inoculation.  The  presumption  was 
that  they  entered  through  some  of  the  mucous  membranes.  Sheep  were 
fed  upon  herbage  sprinkled  over  with  germs.  A  few  died  of  the  disease,  and. 
there  were  indications  that  inoculation  had  taken  place  in  the  upper  part  of 
the  throat.  Artificial  wounds  were  made  in  these  parts  by  giving  the 
animals  rough,  prickly  food.  The  mortaHty  was  increased.  The  chief  seat 
of  inoculation  was  disclosed.  The  next  thing  to  do  was  to  find  the  microbes 
of  charbon  in  fields  where  sheep  had  taken  the  disease  spontaneously.  To 
detect  them  by  the  microscope  was  impossible.  Earth  was  taken  from  the 
surface  over  places  where  diseased  beasts  had  been  buried,  was  washed,  and 
animals  were  inoculated  with  the  liquid.  They  died,  but  some  of  other 
diseases  as  well  as  charbon,  and  the  charbon  cases  showed  unusual 
symptoms  from  the  admixture  of  microbes  of  different  kinds.  The  charbon 
microbes  were  then  separated  from  the  rest,  and  used  for  reinoculation.  The 
blood  from  this  second  series  was  taken  for  inoculation,  and  pure  charbon 
resulted.  Charbon  microbes  were  then  proved  to  exist  in  those  places  where 
charbon  burials  had  been  made.  They  were  not  found  in  other  parts  of 
the  field.  The  probability  was  that  blood  and  secretions  had  been  left  on  the 
ground  when  the  animals  were  skinned  before  being  thi'own  into  the  pit. 
Yet  the  charbon  germs  were  proved  to  be  present  also  over  graves  where  they 
had  been  put  in  whole.  Here  the  observations  of  Darwin  on  the  formation 
of  mould,  made  many  years  previously,  came  in  aid  of  the  explanation  of  the 
problem  how  the  germs  got  to  the  surface  even  from  deep  pits,  and  are 
curiously  confirmative  of  the  conclusions  of  Pasteur.  In  Darwin's  paper, 
read  at  the  Geological  Society  of  London  in  1837,  he  proved  that,  in  old 
pasture   land,   every  particle   of    the   superficial   layer  of  earth   overlying 
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•different  kinds  of  subsoil  has  passed  through  the  intestines  of  worms.  The 
worms  swallow  earthy  matter,  and  after  separating  the  digestible  and  service- 
able portion  they  eject  the  remainder  in  Httle  coils  or  heaps  at  the  mouth  of 
their  burrows.  In  dry  weather  the  worms  descend  to  a  considerable  depth,  and 
seek  in  preference  that  part  of  the  soil  which  contains  humus,  organic  matter 
in  a  certain  stage  of  decomposition.  Eeturning  to  the  surface,  they  void  their 
undigested  matter.  This  agency  of  earth-worms  is  not  so  trivial  as  it  might 
appear.  By  observation  in  different  fields,  Darwin  proved,  in  one  case,  that  a 
depth  of  more  than  three  inches  of  this  worm-mould  had  been  accumulated 
in  fifteen  years  ;  and  in  another,  that  the  earth-worms  had  covered  a  bed  of 
marl  with  their  mould  in  eighty  years  to  an  average  depth  of  thirteen 
inches. 

Now  Pasteur  had  shown  that  this  earth-mould  positively  contains  the 
specific  germs  which  propagated  the  disease  ;  and  that  the  same  specific  germs 
are  found  within  the  intestines  of  the  worms,  where  they  lose  none  of  their 
virulence  by  the  process  of  digestion.  But  these  views  are,  perhaps,  not  yet 
generally  known  nor  accepted. 

The  parasitic  organism,  or  hacteridium,  which,  inoculated  from  a  dis- 
eased to  a  healthy  animal,  propagates  the  specific  disease,  may  be  destroyed 
Tjy  putrefaction  after  burial.  But  before  this  process  has  been  completed, 
the  disengaged  gases  cause  lacerations  of  the  tissues  and  skin,  which  admit 
of  the  flow  of  fluids  charged  with  living  filaments.  They  then  acquire  the 
necessary  contact  with  air  and  produce  germs  or  spores.  These  spores  will 
resist  the  putrefactive  process  for  many  years,  and  remain  in  a  condition  of 
latent  life,  like  a  grain  of  com,  or  any  flower-seed,  ready  to  germinate  and 
communicate  the  disease. 

In  confirmation  of  what  had  previously  been  ascertained,  further  observa- 
vations  were  made  in  a  field  in  the  Jura  where  diseased  cows  had  been 
buried  a  year  before,  at  a  depth  of  nearly  seven  feet,  the  surface  earth  not 
having  been  disturbed  in  the  interval,  and  it  was  found  that  the  mould  con- 
tained germs  which,  introduced  by  inoculation  into  a  guineapig,  produced 
eharbon  and  death.  Pasteur,  every  time  he  has  made  the  experiment  of 
feeding  sheep  upon  forage  contaminated  with  the  spores  of  the  hacteridium, 
has  seen  them  die  of  eharbon.  Four  sheep  confined  in  a  fold  over  the  place 
of  burial  of  diseased  animals  died  ia  less  than  a  fortnight,  while  other  sheep 
kept  at  some  little  distance  in  the  same  field,  where  no  carcases  had  been 
put  underground,  were  free  from  all  symptoms.  On  another  occasion  two 
sheep  out  of  seven  died  of  eharbon  within  six  weeks,  during  which  time  they 
were  penned  for  some  hours  daily  on  the  site  of  an  old  pit  where  infected 
animals  had  lain  for  twelve  years.  The  surface  was  quite  bare  of  herbage, 
and  the  disease  must  have  been  contracted  by  the  sheep  sniffing,  as  is 
their  habit,  the  ground  on  which  they  were  confined.  The  mortality  has 
always  been  greater  when  thorns,  or  any  pricking  substances,  were  mixed  with 
the  food  so  as  to  occasion  excoriations  of  the  mouth  or  gullet.  In  aU  these 
cases  the  morbid  appearances  at  the  autopsy  were  the  same  as  in  animals 
•dying  of  the  disease  without  intentional  inoculation. 

The  earth  in  the  aUmentary  canal  of  the  worm  taken  from  an  infected 
spot,  if  used  for  inoculation,  produces  the  disease.  Mould  deposited  on  the 
surface  by  the  worms,  when  dried  into  dust,  is  blown  over  the  grass  and 
plants  on  which  the  cattle  feed,  and  may  thus  spread  the  infection.  Even 
after  various  farming  operations  of  tilling  and  harvest,  Pasteur  has  found 
the  germs  just  over  the  graves  of  diseased  cattle,  but  not  at  any  great 
distance.  After  rains  or  morning  dews,  the  germs  of  eharbon,  with  a  quan- 
tity of  other  germs,  were  discoverable  upon  the  neighbouring  plants.     The 
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rain,  too,  flowing  in  the  water-courses  may  convey  the  germs  to  considerable- 
distances. 

Pasteur  suggests  that,  in  cemeteries,  it  is  very  possible  that  germs  capable 
of  propagating  specific  diseases  of  different  kinds,  quite  harmless  to  the  earth- 
worm, may  be  brought  to  the  surface  of  the  soil  ready  to  cause  diseases  in. 
man  and  animals  susceptible  of  them.  The  same  may  be  said  of  other  bur- 
rowing creatures.  Eats,  mice,  moles,  ants,  and  the  palmer-worm  frequent 
cemeteries  in  numbers.  Rats  especially,  attracted  by  the  decaying  bodies, 
find  their  way  down  and  into  the  coffins.  Some  churchyards  were  formerly 
completely  undermined  by  these  animals.  We  do  not  know  much  of  their 
idiosyncrasies  in  regard  to  different  microbes,  but  as  they  abound  in  such 
numbers  they  evidently  have  their  exceptions. 

Another  fact  of  importance  which  leads  to  the  renouncing  much  hope  of 
safety  from  the  growth  of  vegetation  is,  that  such  vegetation  does  not  destroy 
those  morbific  spores.  It  may  take  up  and  utilise  that  which  its  rootlets 
meet  with  in  the  soil,  elaborated  by  the  action  of  the  infinitesimal  beings 
there  thriving  upon  the  organic  matters  with  which  they  are  in  contact. 
But  their  spores  resist  every  kind  of  vegetable  assimilation.  Plants  may 
serve  the  purpose  of  oxidising  the  foetid  organic  exhalations  of  the  body,  ab- 
sorbing some  of  them  and  part  of  the  carbonic  acid.  But  as  regards  the 
living  organisms,  we  believe  they  do  nothing.  '  Le  grand  vegetal  ue  detruit 
pas  ce  sans  quoi  il  ne  saurait  vivre.' 

It  is  true  that  for  the  formation  of  some  of  the  spores  they  must  be 
favoured  with  a  certain  temperature.  In  cold  and  damp  weather  the  fila- 
ments may  entirely  perish,  without  giving  rise  to  any  germs.  But  in  the 
warmer  months,  when  perhaps  infectious  diseases  are  most  prevalent,  they 
are  sure  to  be  found,  especially  when  the  interment  has  been  superficial,  as 
it  is  for  human  bodies  in  most  cemeteries. 

But,  after  all,  it  is  not  that  contagion  is  so  much  to  be  dreaded  from  the 
inhalation  of  infectious  germs.  In  the  air  they  are  generally  sparsely  scattered, 
and  the  danger  of  their  absorption  by  the  buccal  and  pulmonary  mucous 
membranes  is  less  than  is  generally  supposed.  Even  if  numerous,  there  is 
a  great  probability  that  the  air  will  be  well  nigh  cleared  of  them  by  coming 
in  contact  with  the  liquids  over  which,  and  through  which,  it  must  necessarily 
pass  before  penetrating  into  the  ultimate  lung  tissue.  The  mischief  is  more 
likely  to  happen  from  the  floating  grave-dust  impinging  upon  some  abraded 
surface,  or  open  wound,  and  in  this  case  the  purifying  power  of  vegetation 
could  do  nothing. 

It  is  also  well,  in  connection  with  churchyard  moulds,  to  give  attention  to- 
the  conclusion  arrived  at  by  Pasteur,  that  the  conjoint  action  of  different 
kinds  of  microbes  is  much  more  energetic  and  fatal  than  that  shown  when 
they  infect  singly.  Thus,  when  inoculations  are  made  at  the  same  time  with 
the  vibrion  of  septicaemia  and  the  vibrion  pyogene,  the  smallest  abscess  ends 
in  gangrenous  infiltration  of  the  tissues,  and  death  follows  more  quickly 
than  from  infection  by  either  of  them  separately. 

(2)  Bad  Management  and  Insufficiency. — On  these  points  we  can  appeal 
to  science,  past  experience,  our  own  experience,  and  to  the  calculations  of 
sanitarians.  Modern  science,  as  we  have  explained,  has  put  in  a  more  glarmg 
light  than  ever  what  we  have  to  expect  from  burial,  and  especially  gregarious 
burial.  Notwithstanding  the  supposed  sanctity  from  episcopal  consecration, 
the  constant  presence  of  ministers  of  rehgion,  and  the  sentiment  which  natu- 
rally grows  up  around  '  God's  acre,'  our  experience  of  the  long  past  has  shown 
that  overcrowding  was  inevitable  and  desecration  the  consequence.  Grave- 
yards became  mere  tumuli  without  Assyrian  drainage  or  covering,  burial  nothing 
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more  than  plunging  one  man's  body  into  the  partly  decayed  remains  of  others. 
The  last  fifty  years  have  made  it  plain  to  us  that  commercial  enterprise  is 
no  more  to  be  trusted  than  pastoral  trusteeship.  The  revelations  respecting 
the  state  of  some  of  the  burial-grounds,  and  the  way  in  which  the  bodies  are 
treated,  show  that  this  is  no  fiction. 

On  the  point  of  insufficiency  of  space,  the  old  grounds  speak  for  them- 
selves. As  they  were  neither  widened  nor  lengthened,  they  took  the  only 
course  open  to  them,  upwards.  They  deepened.  Some  of  the  yards  in 
Sheffield  had  risen  six  feet  above  the  streets  and  level  of  the  houses.  The 
burial-ground  of  the  parish  of  St.  Peter  and  St.  Paul,  Barnstaple,  was  on  all 
sides  surrounded  by  dwellings,  and  the  inmates  could  sometimes  see  interments 
taking  place  above  the  level  of  the  rooms  in  which  they  were  sitting  at  their 
meals,  and  within  five  or  six  feet  of  their  windows.  Two  paths,  which  were 
originally  open  and  laid  out  on  the  surface  of  the  ground,  were  enclosed  with 
walls  on  each  side  from  seven  to  eight  feet  high.  Holes  were  cut  through  them 
ill  which  to  thrust  coffins  below  others  that  had  been  put  into  the  ground 
from  above.  These  may  serve  as  specimens  of  the  incongruous  expansion  of 
provincial  yards. 

As  to  London,  it  appears  from  some  returns,  laid  before  the  House  of 
Commons  in  1834,  of  the  extent  of  the  burial-grounds  and  numbers  of  burials 
during  the  three  years  preceding,  within  the  diocese  of  London,  that  there 
were  then  103  acres  occupied  by  graves,  and  that  the  average  number 
of  burials  was  219  per  acre,  though  in  some  grounds  it  was  as  high  as  891 
per  acre.  Jn  some  private  grounds  within  the  metropolis,  at  the  same 
time,  the  average  annual  number  of  burials  per  acre  was  more  than  1,000. 
The  total  number  of  intramural  grounds  was  218,  and  in  them  were  buried 
annually  44,355  bodies,  at  an  average  rate  of  203  per  acre.  When  Chadwick 
wrote  his  report  in  1843,  the  new  companies  had  260  acres  of  land,  and 
were  burying  3,336  bodies  in  the  year,  and  the  average  per  acre  was  very 
small. 

No  one  can  dispute  the  simple  proposition  that,  if  burial  be  admitted  at 
all,  it  should  be  done  in  such  a  way  that  the  bodies  be  laid  in  the  ground 
separately,  and,  when  once  there,  remain  undisturbed,  and  that  the  spot  used 
should  be  at  a  distance  from  any  habitations.  These  are  the  only  conditions 
upon  which  burial  can  be  practised  with  any  prospect  of  safety  and  propriety. 
The  inconvenience  of  opening  graves,  with  escape  of  foetid  gases,  is  avoided. 
There  is  not  the  indecency  of  disturbing  remains  for  new  interments,  and  in 
case  of  exhumation  the  danger  of  mistaking  the  particular  body  is  prevented. 
This  is  so  far  from  being  the  case  about  London,  that  the  calculations  for  one 
of  the  cemeteries  is  that  there  must  be  3,630  graves  to  every  acre,  and  that 
every  grave  shall  contain  ten  coffins.  Yet  the  Kensal  Green  directors  went 
far  beyond  this,  by  actually  offering  seven  acres  of  their  ground  adjoining 
the  cemetery  in  which  they  proposed  to  place  1,335,000  paupers  in  133,500 
graves.  Economical  considerations  seem  to  forbid  the  hope  that  the  '  one 
body  one  grave  '  system  will  ever  be  adopted.  After  all,  it  is  only  a  question 
of  money  and  waste  of  land,  and  those  who  adhere  to  burial  in  preference  to 
any  other  way  of  dealing  with  the  dead  ought,  in  reason,  to  be  prepared  to 
make  the  necessary  sacrifice  to  avoid  its  evils  and  abuses.  A  few  sentences 
will  show  how  the  matter  stands,  and  that  we  could  do  the  wrong  thing  in 
the  right  way  if  we  chose.  London  at  the  present  time  has  for  its  use  2,200 
acres  of  burial  land.  About  a  sixth  part  of  this  space  is  taken  up  with  paths, 
buildings,  and  plantations,  but  each  nominal  acre  of  new  ground  is  capable 
of  furnishing  1,100  separate  graves.  The  total  number  of  graves  in  the  2,200 
acres  would  be  at  this  rate  2,420,000,  in  each  of  which  a  body  could  be  laid 
VOL.  II.  z  z 
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by  itself.  Now,  the  present  death-rate  of  London  for  the  last  few  years  has 
been  a  Httle  over  80,000  per  annum.  In  thirty  years,  therefore,  there  would 
be  the  necessity  for  burying  2,400,000  bodies.  This  number  nearly  corre- 
sponds with  that  of  the  available  graves  in  the  cemeteries,  and  they  would  there 
find  their  respective  permanent  places.  At  the  end  of  the  thirty  years  the 
cemeteries  would  be  full.  Much  of  the  land  would  be  encumbered  with 
monuments,  and  held  in  perpetuity  by  the  families  who  had  built  them.  The 
plain  graves  would  be  so  intermixed  with  them  that  there  could  be  no  ques- 
tion of  restoring  the  property  to  other  uses.  The  bodies,  therefore,  would  rest 
untouched,  as  they  ought  to  be.  But  the  same  conditions  would  necessitate 
recommencing  the  same  proceeding  for  another  thirty  years.  Before  the  end 
of  a  century  this  renewal  of  the  ground  would  have  happened  three  times,  in- 
volving the  purchase  and  setting  apart  of  three  times  the  same  space,  that  is 
to  say,  about  7,000  acres  of  land.  In  reaUty,  as  there  must  be  an  increase 
of  population,  larger  provision  would  have  to  be  made  ;  but  this  does  not  much 
affect  the  possibility.  In  the  same  way,  if  we  make  the  calculation  for  the 
dead  of  the  whole  of  England  and  "Wales,  we  reach  high  but  not  unmanage- 
able figures.  Multiplying  one  of  the  last  annual  mortality  returns  by  thirty 
gives  a  total  of  16,118,280.  This  number  of  bodies,  adults  and  children, 
could  be  accommodated  on  the  same  terms,  with  a  little  room  to  spare,  in 
15,500  acres,  which  could  be  portioned  out  into  about  17,000,000  grave 
spaces.  Three  times  repeated  in  the  hundred  years,  there  would  be  swallowed 
up  46,500  acres,  the  equivalent  of,  or  a  trifle  more  than,  one-fourth  of  the 
county  of  Middlesex.  At  the  price  paid  for  the  existing  cemeteries,  the  cost 
would  be  about  five  millions  and  a  half,  and  the  consumption  of  land  would 
not  be  so  great  as  that  for  national  pleasure  grounds.  A  scheme  like  this 
might  be  carried  out  by  a  rich  nation  like  England  without  much  difficulty. 
But  if  '  the  question  is  to  be  solved  on  a  sternly  commercial  basis,'  it  is  certain 
the  scheme  would  never  be  adopted.  Then,  on  the  faith  of  the  maxim  that 
'  if  a  thing  be  done  at  all,  it  should  be  done  well,'  we  might  fairly  ask 
whether  its  rejection  as  an  impossibility  is  not  a  condemnation  of  the  whole 
system  of  burial,  as  one  that  can  only  be  done  badly.  These  figures,  if  they 
do  nothing  else,  serve  to  give  an  idea  of  how  much  is  wanting  in  the  way  of 
space  for  the  seemly  storage  of  our  dead,  and  how  still  more  perplexing  a 
task  it  will  be  in  the  future  to  obtain  it  for  them. 

(3)  The  Laio  imperfect  and  not  enforced. — The  law  formerly  but  little 
occupied  itself  with  the  subject  of  burial.  It  was  only  in  1588  that  any 
record  began  to  be  made  of  the  fact  of  burial.  From  that  time  till  1836  the 
registers  were  kept  by  the  clergy  or  by  the  proprietors  of  burial-grounds, 
generally  in  a  very  careless  manner.  The  Eegistration  Act  of  1836  made  the 
production  of  a  certificate  of  the  cause  of  death,  signed  by  a  registered  medical 
practitioner,  imperative  before  burial.  At  various  times  Acts  have  been 
passed  authorising  the  formation  of  suburban  cemeteries,  and  the  Public 
Health  Acts  have  given  powers  for  the  suppression  of  places  of  sepulture 
becoming  nuisances.  In  1863,  the  Secretary  of  State  issued  regulations  for 
the  burial-grounds  under  the  Burial  Acts,  for  the  proper  keeping  of  the 
grounds,  the  division  of  them  into  grave-spaces,  and  for  the  conservation  of 
the  bodies.  In  1874  there  was  further  legislation.  These  Acts  have  been 
amended  from  time  to  time,  but  the  truth  is  that  if,  before  any  of  them  were 
in  existence,  free  trade  in  burial  had  been  the  rule  in  England,  the  neglect  of 
restrictions  and  the  defiance  of  authority  had  since  become  so  notorious  that 
in  1884  Dr.  (now  Sir  C.)  Cameron  introduced  a  bill  in  the  House  of  Commons 
for  the  '  regulation  of  the  disposal  of  the  dead.'  In  doing  so,  he  pointed  out 
the  prevailing  abuses.   He  insisted  upon  these  points  :  that  the  rules  respecting 
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tlie  certificates  of  death,  were  badly  observed,  especially  in  regard  to  the  cause 
of  death  ;  that  the  regulations  of  the  grave-yards  were  not  complied  with,  and 
that,  by  this  reprehensive  complicity  between  all  the  parties  concerned, 
facilities  were  afforded  for  the  committal  and  concealment  of  crime.  The  bill, 
however,  did  not  pass.  The  evils  he  exposed  have  not  since  been  done  away 
with,  for  only  in  December  1888  a  deputation  of  the  Church  of  England 
Burial  Eeform  Association  had  an  interview  with  the  Secretary  of  State,  for 
the  express  purpose  of  urging  upon  him  the  necessity  of  further  Parliamen- 
^tary  inquiry  into  modes  of  burial,  with  a  view  to  new  legislation.  That  this 
demand  was  not  inopportune  is  made  clear  by  the  many  facts  that  have 
recently  been  brought  to  light.  Up  to  the  middle  of  this  century,  though 
the  number  of  so-called  still-born  children  amounted  to  40,000  per  annum, 
no  provision  was  made  for  regulating  their  burial.  The  law  has  since  been 
amended  in  this  respect  by  the  Burial  and  Death  Eegistration  Act  of  1874, 
but  to  what  purpose  we  may  judge  by  one  report  among  many  others  of  the 
same  kind.  A  midwife  was  brought  before  the  magistrates  of  Portsmouth, 
in  September  1888,  for  contravening  this  Act  in  the  case  of  an  infant  at 
whose  birth  she  was  present,  and  which  survived  one  hour  and  a  half.  She 
placed  the  body  in  a  box  and  took  it  to  the  cemetery.  The  clerk  of  the 
cemetery  gave  the  woman  a  certificate  of  burial ;  and  it  appeared  to  be  his 
custom  to  take  the  unsupported  statement  of  any  midwife  that  any  such '  box  ' 
presented  did  contain  the  body  of  a  still-born  child.  Notwithstanding  his 
liability  to  a  fine  of  ten  pounds  for  such  laxity  as  to  the  burial  of  still-born 
infants,  it  was  admitted  that  from  100  to  200  such  burials  are  made  at  this 
cemetery  in  the  course  of  the  year.  Many  of  these  children  are  neither 
registered  nor  buried.  A  significant  fact  is  brought  out  by  the  returns  of  the 
Medical  Officer  of  Health  of  Glasgow,  that  while  of  the  deaths  of  legitimate 
children  under  five  years  old  only  20  per  cent,  were  uncertified,  no  fewer 
than  52  per  cent,  of  the  deaths  of  illegitimate  children  of  the  same  age  were 
registered  without  any  medical  certificate.  With  regard  to  the  registration  of 
the  cause  of  death  generally,  the  law  is  still  in  a  most  unsatisfactory  condition. 
Within  the  last  four  years,  the  Eegistrar-General  reported  that,  out  of  a  total 
of  about  half  a  million  deaths,  the  cause  of  death  was  vouched  for  by  medical 
certificates  in  a  little  over  90  per  cent,  of  the  cases.  His  returns  revealed 
this  remarkable  fact,  that  in  no  fewer  than  20,194  cases  in  a  single  year 
had  persons  been  buried  without  any  certificate  whatever  of  the  cause  of  death. 
In  Ireland,  for  one  year,  4,289  cases  are  returned  in  which  the  cause  of  death 
is  set  down  as  *  ill-defined  or  not  specified.'  The  state  of  matters  is  still 
worse  in  Scotland.  In  1882,  no  fewer  than  9  per  cent,  of  the  persons  dying 
in  Glasgow  were  buried  without  medical  certificates,  and  the  Eeport  of  the 
Eegistrar-General  (Scotland)  for  1884  notes  that  as  many  as  20  per  cent, 
of  the  deaths  in  that  country  were  registered  as  uncertified.  Under  our 
present  system  over  30,000  persons  die  every  year  in  the  United  Kingdom 
under  circumstances  often  suggestive  of  criminal  neglect  or  worse,  and  are 
buried  without  any  attempt  being  made  to  verify  the  cause  of  their  death 
■  or  to  make  sure  that  it  has  not  arisen  from  criminal  negligence  or  foul 
play. 

In  France,  Germany,  and  most  other  countries  on  the  Continent,  the 
certificate  of  death  is  prepared  and  signed  by  a  public  officer  whose  special 
business  it  is  to  make  a  personal  inspection  of  the  body.  The  mayor  of  the 
arrondissement  in  Paiis  and  of  the  large  communes,  appoints  as  midecin 
verificateur  des  d&ces  a  physician  who  is  not  in  actual  practice.  When  a 
death  is  announced  at  the  Eegistration  Office,  he  receives  notice  to  go  at  once 
to  the  house  of  the  deceased.    There  he  inquires  into  all  the  circumstances 
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preceding  and  attending  the  death,  the  nature  of  the  illness,  details  of  the" 
treatment,  the  names  and  residence  of  the  medical  and  other  attendants, 
examines  the  prescriptions,  and  is  empowered,  if  he  sees  any  reason  to  sus- 
pect that  death  was  not  from  natural  causes,  to  uncover  the  body  and  make 
a  minute  inspection  of  every  part,  in  order  that  he  may  decide  as  to  the 
necessity  for  an  autopsy.  These  and  many  other  particulars  are  entered  upon 
a  printed  form,  which  has  to  be  signed  by  him,  and  returned  to  the  registrar's- 
office.  Upon  the  report,  if  satisfactory,  the  Mayor  or  his  representative  fixes 
the  time  of  interment,  and  grants  the  indispensable  order  authorising  it.  No 
burial  can  take  place  without  this  formality  and  official  sanction.  In  some 
of  the  German  cities,  the  regulations  for  the  examination  of  the  body,  and 
filling  up  of  the  certificates,  and  orders  for  burial,  are  much  more  com- 
plicated and  minute.  The  following  quotation  of  a  passage  at  the  head  of 
No.  2  of  the  Munich  regulations  makes  more  striking  the  contrast  between' 
official  indifference  in  England  and  the  consideration  given  to  those  subjects 
elsewhere  :^'  In  order  to  preclude  the  possibility  of  any  one  being  considered 
dead  who  is  not  actually  so  ;  that  the  spread  of  infectious  disorders  be  avoided 
as  much  as  possible  ;  that  the  quackeries  so  highly  injurious  to  health  may 
be  suppressed  ;  that  murders  committed  by  secret  violence  may  be  discovered, 
and  the  perpetrators  delivered  over  to  the  hands  of  justice,  recourse  must  be 
had  to  a  strict  medical  examination  into  the  deaths  occurring,  and  a  con- 
formable view  of  the  body.'  Two  medical  inspections  are  insisted  upon — one 
immediately  after  death,  the  second  before  the  time  of  burial  is  decided  on. 
Both  the  physicians  appointed  by  the  police  have  to  sign  the  certificate  of 
verification,  and  the  medical  attendant  of  the  person  is  required  to  certify  the 
cause  of  death.  So  comprehensive  are  the  precautions  taken,  that  before  the 
first  examination  the  nurses  are  not  permitted  to  undress  or  wash  the  body. 
The  body  is  not  to  be  moved  from  the  spot,  nor  the  bedding  disturbed.  Sir 
C.  Cameron's  proposal  was  to  make  examination  by  a  Government  medical 
officer  compulsory  in  all  cases  where  no  medical  certificate  had  been  pro- 
cured ;  but  it  was  put  aside  as  too  costly  and  too  inquisitorial.  Our  inquests 
fall  far  short  of  this  care-taking  ;  and  as  to  burial  itself,  every  recent  inquiry 
further  shows  that  but  slight  heed  is  paid  to  Acts  and  regulations.  Two 
facts  respecting  burial  are  made  clear  by  what  has  been  stated.  The 
law  itself  is  imperfect,  and,  such  as  it  is,  it  is  disregarded.  There  is,  there- 
fore, a  necessity  for  further  legislation,  and  more  severe  supervision  of  the> 
management  of  cemeteries  is  required.  Whether  burial  in  earth  is  to  remain 
the  national  custom,  or  whether  some  other  mode  of  disposing  of  the  dead 
body  be  accepted,  we  require  that  the  proceedings  should  be  exactly  defined 
and  legalised.  If  the  '  right '  of  a  citizen  be  that  his  body  should  have  occu- 
pation of  a  grave  till  it  has  decomposed,  as  seems  to  be  the  case,  it  should 
not  only  be  so  stated,  but  all  companies  and  persons  concerned  in  the  trade 
of  burial  should  be  compelled  strictly  to  provide  the  conditions  necessary  for 
complying  with  this  '  right.'  The  sojourn  in  the  ground  would  be  much 
longer  than  it  is  at  present.  More  ample  space  must  be  provided,  and  better 
security  given  that  this  right  shall  not  be  infringed  upon.  Inspectorial 
visits  ought  to  be  more  frequent.  The  examination  of  twenty-five  out  of  all 
the  English  burial-grounds  in  one  year  appears  to  have  been  thought  suffi- 
cient by  the  late  Home  Secretary  ;  but  such  scant  visitation  can  have  but 
little  effect  in  controlling  the  action  of  the  managers.  Further,  as  it  appears 
that  a  man  has  the  power  of  ordering  the  disposal  of  his  body  by  other  means 
than  burial,  not  illegal  or  creating  a  nuisance  at  common  law,  his  right  to  do 
so  shall  be  legally  declared,  and  the  means  employed  should  be  not  merely 
tolerated,  but  explicitly  admitted  and  regulated.     But  the  most  important 
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•step  in  the  advance  that  it  is  desired  should  be  made  is  in  regard  to  registra- 
tion. Not  only  do  we  want  to  know  for  sanitary  purposes  the  fact  of  death 
and  the  nature  of  the  disease  causing  death,  when  it  is  what  is  called  natural, 
in  a  much  more  exact  manner  than  at  present,  but  we  want  also,  for  social 
reasons,  a  guarantee  that  no  person  who  has  died  from  other  cause  than 
disease,  or  who  is  presented  for  burial  unaccompanied  by  any  proper  medical 
certificate,  shall  be  buried  without  due  investigation  as  to  whether  that  cause 
was  accidental  or  criminal.  At  present  there  is  but  little  security  on  this 
point  for  society.  Coroners'  inquests,  though  apparently  very  numerous,  do 
not  go  far  enough.  The  coroner  is  not  always  informed  of  suspicious  deaths, 
cannot  initiate  inquiry,  and  too  much  is  left  to  the  free  will  of  those  inte- 
rested. The  fact  and  cause  of  death  are  really  matters  of  police.  A  medical 
■  certificate  of  the  cause  of  death  and  the  verdict  of  a  coroner's  court  ought 
only  to  be  the  supplement  of  a  police  certificate  of  the  fact  of  death. 
Satisfactory  certificates  are  not  to  be  assured  by  the  means  we  have 
now  at  command.  A  declaration  by  a  nurse,  or  some  unofficial  person, 
and  a  paper  signed  by  the  medical  attendant,  or  not  signed  professionally 
in  any  way,  is  too  often  accepted  by  registrars.  Too  often,  also,  the  burial 
is  compliantly  accomplished  without  any  certificate  at  all.  This  loose 
way  of  putting  a  body  out  of  sight  is  what  ought  not  in  any  case  to 
be  possible,  not  even  in  the  case  of  still-born  children.  It  gives  too  much 
facility  for  the  perpetration  and  concealment  of  crime.  Satisfactory  autho- 
risation, justifying  the  disposal  of  a  body,  can  only  be  secured  by  official 
inquiry  and  official  signature.  For  this  purpose,  special  medical  officers,  not 
in  ordinary  practice,  ought  to  be  designated,  whose  business  it  would  be,  upon 
order,  to  visit  and  examine  any  dead  body,  ascertain  the  fact  and  circum- 
stances of  the  death,  and  report  to  the  controlling  authority  upon  the  necessity 
of  further  proceedings  by  inquest,  or  the  propriety  of  at  once  disposing  of  the 
body.  Medical  practitioners,  however  qualified,  are  in  no  way  part  of  the 
ipolice,  and  the  inquiry  should  be  made  independently,  but  in  concurrence 
with  them.  Their  certificates  of  the  nature  of  disease  have  reference  to 
other  objects  than  that  of  burial.  To  guard  against  and  detect  crime  is  a 
magisterial  duty,  and  burial  or  other  means  of  disposal  of  a  body  should  only 
be  permitted  on  a  magisterial  consent,  founded  upon  the  report  of  his  special 
agent.  It  is,  therefore,  not  an  unreasonable  demand  when  we  ask  for  the 
legal  formation  of  such  a  precautionary  establishment.  To  say  that  it  is 
unacceptable,  or  inquisitorial,  would  be  absurd.  Other  nations  find  it  a 
protective  arrangement,  and  regard  it  with  satisfaction.  The  benefit  would 
-soon  appear  and  be  acknowledged  in  England.  The  Cremation  Society  of 
England  have  already  tried  the  double  certificate  system,  and  no  difficulty 
has  been  found  to  attend  it. 

Other  Modes  of  disposal  op  the  Body  after  Death 

We  have  now  to  turn  to  another  branch  of  the  subject.  The  last  hundred 
years  have  been  troubled  with  three  distinct  agitations  about  the  dead.  The 
first  was  the  panic  raised  by  the  felonious  abstraction  of  bodies  from  their 
.  graves,  which  lasted  till  the  end  of  the  first  thirty  years  of  this  century. 
Legislation,  which  ought  to  have  been  provided  long  before,  when  anatomy 
became  a  teachable  science,  put  an  end  to  it.  Next  came,  from  official  dis- 
closures, the  disquietude  respecting  the  state  of  burial-grounds  and  vaults, 
and  their  pernicious  influences.  For  a  time  suburban  cemeteries  seemed  to 
meet  the  difficulty.  But  before  long  they  began  to  verify  the  predictions  of 
ihe  Board  of  Health  Commissioners  in  1850, '  that  the  removal  of  the  existing 
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evils  cannot  be  secured  by  joint-stock  cemetery  companies.'  Then  foUowecl 
plans  for  all  sorts  of  coffins,  in  stone,  marble,  granite,  slate,  porcelain,  earthen- 
ware, bitumen,  asphalte,  paper,  peat,  india-rubber,  iron,  and  glass.  Schemes 
for  burying  in  charcoal,  peat,  and  quick-lime,  for  plunging  in  the  sea,  for 
enclosing  the  body  in  cement,  injecting  it  with  antiseptic  solutions,  desiccat- 
ing, embalming,  electro-plating,  and  condensing  into  small  cubes  by  hydraulic 
pressure,  were  all  tried  or  suggested,  but  proved  either  unsuited  to  public 
taste  or  inapplicable  on  any  commensurate  scale.  Thirdly  appeared  that 
which  we  are  now  traversing — the  era  of  proposals  for  substitutions  for 
burial.  The  question  has  turned  from  pollution  to  poisoning.  If  more 
serious,  it  is  more  scientific.  The  point  now  to  be  decided  is  whether  we 
shall  go  on  perpetuating  poisons  of  which  we  have  cognizance,  or  whether,  by 
substituting  processes  more  rapidly  destructive  of  the  body  than  burial,  we 
shall  check  the  spread  and  further  the  disappearance  of  zymotic  disease.  We 
see  our  way  more  clearly  in  this  matter  than  when  we  had  to  deal  with  smells ; 
and,  if  we  attend  to  them,  the  indications  we  already  have  will  lead  to  a 
right  and  consistent  solution.  For  surely,  while  we  segregrate  our  living, 
small-pox  patients  and  make  it  a  misdemeanour  to  expose  them  pubhcly,  we' 
cannot  honestly  permit  them  to  be  treated  after  death  in  the  very  way  most 
likely  to  multiply  and  give  a  chance  of  future  mischief- working  to  the  germs- 
which  they  contain.  Science  has  not  unaidingly  alarmed  us  by  its  revela- 
tions. Its  followers  have  been  eagerly  seeking  the  means  of  enabling  us  to  act 
rationally  and  safely.  A  variety  of  ways  have  been  pointed  out  by  which  the 
utter  destruction  of  the  body  and  all  that  it  encloses  can  be  effected.  For 
instance,  the  system  of  Girard,  which  reduces  a  body  in  a  comparatively  short 
time  by  sulphuric  acid,  of  a  certain  temperature  and  density,  to  a  viscid 
solution  (in  which,  when  obtained  from  charbon  sheep,  Pasteur  has  not  de- 
tected the  presence  of  any  germs)  does  all  that  is  wanted.  Its  repulsive 
character,  however,  and,  from  its  simplicity,  the  danger  of  its  use  by  the- 
criminal  populations,  put  it  out  of  consideration,  except  in  veterinary  practice. 
The  two  processes  which  have  attracted  most  attention,  are  free  from  these 
objections,  and  are  now  undergoing  trial,  are  desiccation  and  cremation. 
These  are  met,  on  the  part  of  the  adherents  of  burial,  by  the  proposal  of 
Mr.  Haden,  under  what  is  known  as  the  'Earth  to  earth  system.'  By  it,, 
he  would  hasten  all  interments,  and  place  the  body  in  as  close  contact  withi 
the  soil  of  a  grave  as  is  compatible  with  the  appearance  of  decency.  He  • 
calculated  that  the  purifying  and  transforming  power  of  the  earth  is  sufficient 
so  to  *  change  the  organic  into  the  inorganic,  the  noxious  into  the  imioxious,' ' 
that  he  should  be  able  by  this  resolution  of  the  body  in  five,  or  at  most  six 
years,  economically  to  use  the  same  ground  for  the  same  purpose, '  again  and 
again,  at  such  or  longer  intervals  as  we  please,  with  no  other  effect  than  to 
increase  its  substance  and  to  raise  its  surface.'  This  is  both  an  admission 
and  a  compromise — -an  admission  of  the  dangers  of  burial  as  ordinarily  prac- 
tised by  all  communities  ;  a  compromise  founded  on  a  fallacy.  The  admitted 
danger  would  be  very  slightly  mitigated  by  the  compromise.  The  fallacy 
lies  in  considering  the  bodies  spoken  of  as  mere  organic  matter,  and  in  sup- 
posing that  all  spores  of  contagious  diseases  can  be  destroyed  by  a  basketful 
of  charcoal.  Now  a  body  to  be  buried  is  not  simply  dead  organic  matter. 
Under  ordinary  circumstances,  it  is  the  abode  of  myriads  of  living  organisms. 
These,  uncontrolled  by  life,  assist  in  the  process  of  decomposition,  secrete 
poisons  of  their  own,  and  are  capable  of  exciting  disease  if  brought  by 
air  or  water  into  contact  with  human  beings,  a  contingency  which  the 
periodical  reopenings  of  the  graves  every  five  or  six  years  would  render 
very  likely.     But  worse  than  this,  in  a  considerable  proportion  the  bodies. 
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that  are  deposited  in  cemeteries  swarm  with  specific  organisms  of  zymotic 
diseases,  whose  spores,  often  aerobic — that  is,  defiant  of  the  oxygen  in  the 
basketful  of  charcoal — are  almost  imperishable  in  the  ground,  and  ready, 
after  many  more  years  of  latency  than  the  stipulated  allowance,  to  revivify 
and  recommence  their  infective  activity.  The  fact  requires  no  further 
demonstration.  Once  accepted,  it  demolishes  all  that  favours  the  *  earth  to 
earth '  proposal,  and  shows  that  with  any  method  of  burial  short  of  that 
causing  chemical  destruction  the  most  threatening  danger  would  remain  as 
serious  as  ever.  The  words  of  Sir  Henry  Thompson  on  this  subject  are : 
•  The  poisons  of  scarlet  fever,  enteric  fever  (typhoid),  small-pox,  diphtheria, 
malignant  cholera,  are  undoubtedly  transmissible  through  earth  from  the 
buried  body  by  more  than  one  mode.  And  thus  by  the  act  of  interment  we 
literally  sow  broadcast  through  the  land  innumerable  seeds  of  pestilence  ; 
germs  which  long  retain  their  vitality,  many  of  them  destined  at  some  future 
time  to  fructify  in  premature  death  or  ruined  health  to  thousands.  Espe- 
cially is  this  the  case  in  the  "  earth  to  earth  "  system,  when  the  exposure  to 
the  soil  is  instant  and  complete.  The  most  dangerous  elements  are  no  doubt 
decomposed  and  rendered  less  virulent  by  retention  in  close  coffins  for  a  few 
years,  before  contact  with  the  surrounding  soil  takes  place.  But  the  adoption 
of  a  system  which  is  designed  to  hasten  dispersion  of  the  elements  by  any 
and  every  channel  open  in  the  soil  six  feet  below  the  surface,  so  that  the 
same  spot  may  be  similarly  used  after  a  brief  term  of  years,  is  fraught  with 
risk  to  the  living.  It  is  vain  to  dream  of  wiping  out  the  reproach  to  our 
civilisation  which  the  presence  and  power  of  these  diseases  in  our  midst 
assuredly  constitute,  by  any  precaution  or  treatment,  while  effective 
machinery  for  their  reproduction  is  in  constant  daily  action.'  Recent 
experiments  have  led  to  additional  proof  of  the  preservation  of  the  bacilli 
of  typhoid,  of  phthisis,  of  yellow  fever  in  the  earth,  of  their  latent  hfe 
until  again  called  into  activity,  and  their  terrible  potency  when  cultivated  in 
suitable  surroundings. 

Desiccation. — The  proposal  for  drying  and  preserving  the  body,  instead  of 
either  burying  or  burning,  comes  from  America,  It  is  fifteen  years  since  Dr. 
Bayles,  of  Orange,  N.J.,  brought  the  subject  before  the  public.  The  scheme 
has  recently  been  taken  up  by  a  company  of  shareholders.  It  proposes  to 
build  a  mausoleum  in  the  vicinity  of  most  of  the  great  cities.  The  building  is 
to  be  entirely  of  concrete.  The  interior  plan  will  resemble  that  of  a  library, 
with  its  main  corridor  and  diverging  halls  leading  to  the  different  sections. 
The  sepulchres,  or  compartments,  of  solid  concrete,  four  inches  thick,  and 
large  enough  to  contain  a  body  and  casket,  are  arranged  in  tiers  of  six  on 
both  sides  of  the  halls.  A  chapel  and  family  compartments  occupy  part  of 
the  ground  floor  of  the  building.  A  mausoleum  one  hundred  feet  by  one 
hundred  feet  will  contain  ten  thousand  sepulchres.  The  sepulchres  are  con- 
structed with  conduits,  so  arranged  as  to  bring  fresh  dry  air  into  them,  and 
conduct  it  through  the  casket  space  by  forced  drafts  to  a  central  furnace  in 
the  sub-cellar.  To  that  furnace  the  gases  and  vapourised  fluids  of  the  body 
are  thus  borne  and  there  consumed.  The  air  current  makes  an  entire  change 
in  the  contents  of  the  casket-space  every  second.  When  dry,  the  bodies  are 
to  remain  in  their  separate  compartments,  as  in  the  catacombs,  shut  up  from 
the  corridor  with  double  doors,  the  outer  one  of  marble,  iron,  or  bronze,  and 
the  inner  one  of  plate  glass,  through  which  the  body  can  be  seen.  A  trial  of 
the  system  was  made,  commencing  in  June  1888.  Dr.  Peacocke,  of  New 
York,  in  a  paper  printed  in  the  '  Brooklyn  Medical  Journal,'  August  1889, 
says :  '  The  desiccation  process  is  now  engaging  the  attention  of  many  sani- 
tarians, and  ...  an  opportunity  was  lately  afforded  me  of  inspecting  and  ex- 
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amining  the  body  of  a  man  undergoing  the  process.  The  remains  lay  in  a  glass- 
covered  metallic  case,  having  been  placed  there  nine  months  ago,  and  at  that 
time  weighed  160  or  170  pounds.  Judging  by  the  dried- up  appearance  of  the 
body,  I  presume  that  to-day  it  does  not  weigh  more  than  sixty  pounds.  The 
muscles  of  the  trunk,  and  especially  of  the  extremities,  are  shrunken  and 
hard.  The  integument  is  dry  and  leathery  to  the  touch.  The  countenance 
looks  natural.  There  is  no  discolouration  of  the  cuticle,  and  no  evidence  of 
any  decomposition.  The  rapid  abstraction  of  moisture  by  this  method  does 
away  with  the  factors  in  the  production  of  ptomaines,  which  might  vitiate  the 
result  of  a  chemico-legal  examination.'  Many  favourable  opinions  are  received 
from  America.  Nothing  is  known  of  this  procedure  in  England,  and  it  is 
not  probable  that  it  will  ever  be  adopted.  Practically  the  expense  would 
exclude  it.  To  replace  the  cemeteries  round  about  London  alone  would  require, 
if  we  take  the  figures  of  the  promoters,  sixty-three  acres  of  concrete  buildings, 
which  must  be  incessantly  renewed,  since  part  of  the  plan  is  the  conservation 
of  the  remains  in  perpetuity.  On  principle,  this  is  enough  to  condemn  the 
system,  as  it  would  cause  us  to  act  as  much  in  direct  frustration  of  one  of  the 
primary  laws  of  nature  as  the  Egyptian  embalming. 

Cremation. — Cremation  as  a  mode  of  disposal  of  the  dead,  though  ancient 
and  widely  prevalent,  has  never  yet  rested  upon  any  sound  basis.  It  has 
been  either  the  expression  of  some  national  belief  or  superstition,  an  imposi- 
tion of  priestly  domination,  the  caprice  of  imperial  ostentation,  or  the  impulse 
of  popular  panic.  The  revival  of  it  in  England  at  the  present  time,  and  its 
spread  upon  the  Continent  and  in  America,  have  quite  another  character.  It  is 
a  purely  scientific  movement.  No  burial  reformers  had  taken  up  the  cry. 
They  had  probed  the  evils  of  both  private  and  common  graves  to  the  bottom, 
but  they  did  not  condemn  the  practice  of  burial.  Even  official  inspectors  and 
commissioners,  whose  inquiries  had  given  them  a  fuller  knowledge  of  the 
subject,  were  equally  possessed  with  the  one  idea  of  burial.  The  close  contact 
with  the  miseries  and  indecencies  which  it  had  ended  in  did  not  seem  to 
suggest  a  doubt  about  it  being  wrong  in  principle.  Christian  teaching,  whose 
founders  had  adopted  it  for  security,  and  whose  successors  had  continued  it 
in  the  interest  of  their  establishment,  surrounding  it  with  a  haze  of  mystical 
doctrines,  canonical  subtleties,  and  impressive  ritual,  had  brought  them,  as 
well  as  the  nation  they  represented,  into  a  state  of  passive  assent  to  its 
necessity  as  the  only  mode  of  reverently  treating  the  dead.  Their  advice 
and  action  were  modelled  on  these  impressions.  For  a  time  they  seemed  to 
be  right.  That  which  had  become  unendurable  close  at  hand  might,  perhaps, 
be  harmless  a  few  miles  away.  But  experience  proved  that  if  the  men  of  one 
decade  could  be  contented  with  Kensal  Green,  the  next  must  move  to  Woking, 
and  that  beyond  Woking  there  was  the  probability  of  encroaching  upon 
another  area  embarrassed  with  the  same  difficulties.  The  situation  was  per- 
plexing, but  science  here  stepped  in.  Men  who  had  reflected  upon  the  rela- 
tions set  up  by  social  conditions  between  the  dead  and  the  living,  who,  less 
materialistic  than  their  co-religionists,  could  divest  themselves  of  false  senti- 
ment about  remains,  and  were  neither  afraid  to  look  at  the  facts  undisguised 
nor  to  proclaim  their  opinions,  proposed  cremation.  They  pointed  out  that 
the  mass  of  corruptible  matter  taken  away  every  year  by  death  from  among 
the  population,  whatever  associations  hovered  about  it,  was  in  no  way  exempt 
from  the  universal  law  of  nature,  which  ruled  the  dispersion  of  its  elemental 
constituents ;  that  there  was  nothing  sacred  or  sacramental  in  burial  apart 
from  what  man's  ingenuity  had  invented  ;  that  the  grave  was  but  a  clumsy 
contrivance  to  save  the  feelings  of  survivors  by  puttuig  out  of  sight  a  grievous 
spectacle ;  that,  instead  of  honouring  the  dead,  it  was  rather  dishonouring 
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iiheir  bodies  to  make  them  the  unconscious  and  lingering  means  of  harming 
those  whom  they  had  left  behind,  and  on  whom,  living,  they  would  have 
shrunk  from  inflicting  the  shghtest  pain ;  that  cremation  destroyed  nothing 
more  than  burial ;  that  it  was  scientifically  analogous  to  the  eremacausis  of 
the  earth,  but  that  it  could  be  made  to  bring  about  the  inevitable  change  and 
set  at  liberty  the  struggUng  elements  of  human  exuvicB  more  quickly,  more 
'  decently  '  and  '  inoffensively.' 

These  teachings  took  shape  in  two  papers,  pubUshed  by  Sir  Henry 
Thompson  in  the  '  Contemporary  Eeview'  for  the  year  1873.  They  excited 
much  discussion  and  criticism,  but  they  really  responded  to  that  latent  feeling 
■  of  relief  which  will  always  be  found  in  the  mind  of  everyone  who  has  lost  a 
friend,  when  he  is  able  to  persuade  himself  that  the  time  of  the  turmoil  of 
decay  has  passed.  There  was  a  promise  of  relief  from  that  aggravation  of 
sorrow.  At  the  same  time  a  few  men  of  a  practical  turn  of  mind  were  so 
impressed  by  the  arguments,  that  they  gathered  round  the  author,  and  in 
January  1874  formed  a  society,  the  object  of  which  was  the  explanation  and 
propagation  of  their  views,  and  if  possible  the  revival  and  perfection  of  the 
custom  of  the  cremation  of  the  dead.  It  was  strictly  a  scientific  association. 
Their  primary  business  was  to  educate  the  people,  to  make  clear  their  legal 
position,  obtain  legislation  authorising  cremation,  and  to  prove  the  process  to 
be  economical  and  unobjectionably  practicable.  They  had  the  experience  of 
others  to  guide  them.  The  burning  of  Mrs.  Pratt,  in  1769,  on  the  bm^ying- 
ground  of  Tyburn,  showed  that  burning  could  be  done  without  infringing 
any  law.  The  two  attempts  of  the  French  people  to  legalise  the  practice 
proved  that  an  enhghtened  Government  might  be  approached  with  some 
chance  of  success.  The  opening  of  the  question  in  Italy  and  Germany  was 
encouraging.  And  there  was  a  lesson  in  the  failure  of  Mr.  Cobbe  in 
1857.  No  action  was  taken' after  the  publication  of  his  pamphlet,  and  the 
suggestion,  as  might  have  been  expected,  shared  the  fate  of  other  vague 
schemes. 

The  Cremation  Society  imdertook  the  spread  of  information  by  numerous 
lectures  and  publications.  These  efibrts  were  met  by  some  few  prejudiced  de- 
nunciations ;  and  objections  were  formulated  of  at  least  three  kinds,  senti- 
mental, religious,  and  medico-legal.  The  sentimental  outcry  came  from  a  class 
of  people  so  illogical  and  unreasonable  that  they  were  best  left  to  the  effect  of 
time  and  example.  Less  than  twenty  years  have  done  a  great  deal  in  put- 
ting the  feeling  for  the  dead  upon  a  just  Socratic  footing.  In  that  time  the 
apparently  valid  objections  have  dwindled  to  spectral  forms.  Divines  them- 
selves have  exorcised  the  doctrinal  and  ritual  difficulties.  They  are  repre- 
sented in  the  Council  of  the  Society.  One  bishop  of  the  English  Church 
has  declared  that  '  no  inteUigent  faith  can  suppose  that  any  Christian 
doctrine  is  affected  by  the  manner  in  which,  or  the  time  in  which,  this  mortal 
body  of  ours  crumbles  into  dust  and  sees  corruption.'  Another,  a  Canon  of 
St.  Paul's,  said  :  '  The  resurrection  of  the  body  from  its  ashes  is  not  a  greater 
miracle  than  the  resurrection  of  an  unburnt  body ;  each  must  be  purely 
miraculous.'  English,  German,  and  Itahan  priests  have  sanctioned  cremation 
by  their  presence  at  the  process,  and  have  found  no  obstacle  in  modifying 
their  ritual  to  the  occasion.  The  Eoman  Office  for  the  Dead  is  equally 
apphcable,  and  CathoHc  priests,  even  in  Kome,  have  chosen  cremation  as 
their  mode  of  sepulture.  The  process  has  been  judicially  declared  in  Great 
Britain  'not  illegal,'  The  crucial  criticism  about  the  'annihilation  of  exhuma- 
tion '-evidence  has  been  neutrahsed,  for  the  time  being,  by  the  action  of  those 
who  are  responsible  for  cremation.  The  refusal  of  the  Council  of  the  Crema- 
tion Society  to  deal  with  any  body  of  which  the  death  is  not  certified  as  from 
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natural  causes  by  two  registered  medical  witnesses  shuts  out  from  the 
crematorium  any  dead  body  which  might  be  required  as  evidence  of  crime. 
It  only  remains  for  our  legislators  to  legalise  and  regulate  that  which  they 
allow  to  be  done  here,  and  actively  promote  in  the  Indian  part  of  our  Empire, 
and,  by  amending  the  Eegistration  Acts,  to  give  to  the  public  at  large  security 
the  same  as  that  offered  by  the  cremationists  to  that  section  which  trusts  to- 
them.  The  necessity  for  exhumation  occurs  too  rarely  now  for  it  to  be 
seriously  urged  as  an  argument  against  cremation,  and  with  the  indicated 
precautions  would  scarcely  ever  present  itself.  Inquiries  made  by  Sir  H. 
Thompson  bring  out  the  information  that  for  the  last  twenty  years  the  mean 
number  of  exhumations  made  in  a  year  throughout  England  and  Wales  is 
only  five,  and  less  than  one  yearly  for  poison.  Practically  there  are  only  four 
common  metallic  poisons — arsenic,  antimony,  lead,  and  mercury — in  respect 
to  which  the  question  of  exhumation  could  be  usefully  raised,  and  two  of  these 
would  be  found  in  the  ashes  as  well  as  in  the  ground.  Some  of  the  vegetable 
poisons  and  alkaloids  are  so  rapidly  decomposed  or  so  mingled  with  other 
generated  poisons,  in  the  midst  of  putrefaction,  that  post-exhumation  evidence 
of  their  presence,  of  a  character  certain  enough  for  judicial  acceptation,  is 
scarcely  more  available  than  if  the  body  had  been  exposed  to  fire.  In  every 
case  where  there  is  reason  to  doubt,  either  as  to  the  cause  of  death  or  as  to 
personal  identity,  it  would  be  wiser  on  the  part  of  the  authorities  to  impound 
the  body,  or  parts  of  the  body,  and  to  use  for  them  desiccation  or  some  of 
the  known  means  of  preservation. 

The  first  step  taken  by  the  Cremation  Society  to  assure  themselves  as  to 
their  position  was  to  obtain  the  opinions  of  eminent  counsel  as  to  the  state 
of  the  law  on  the  subject.  These  opinions  went  to  show  that  there  was 
nothing  in  the  English  law  forbidding  cremation,  provided  it  was  conducted 
in  such  a  manner  as  not  to  involve  any  public  nuisance.  Lord  Chancellor 
Selborne  and  Sir  William  Harcourt  confirmed  this  opinion  by  letter.  Thus 
fortified,  the  Council  proceeded  to  action.  After  an  abortive  attempt,  which 
caused  much  delay,  to  procure  in  the  Great  Northern  Cemetery  a  place  for 
the  erection  of  a  crematorium,  ground  was  found  about  a  mile  from  the 
Woking  Eailway  Station,  and  the  construction  of  the  building  was  completed 
early  in  1879.  The  working  of  the  apparatus  was  satisfactorily  tested  upon 
the  carcases  of  animals,  but  the  intention  of  the  Society  to  answer  to  the 
demand  of  those  who  wished  to  cremate  relatives  was  twice  obstructed  by 
successive  Home  Secretaries,  who  threatened  adverse  legislation,  and  exacted 
a  promise  from  the  Council  that  they  '  would  act  in  strict  conformity  with 
the  wishes  and  directions  of  the  Government  in  the  matter,'  This  promise, 
however,  was  not  binding  upon  private  persons,  and  Captain  Hanham,  of 
Mansion  House,  Dorset,  having  in  his  private  mausoleum  the  bodies  of  his 
wife  and  mother,  which  he  wished  to  burn  in  compliance  with  their  request, 
had  a  crematorium  set  up  in  his  own  grounds,  and  there  carried  out  their 
wishes.  He  himself  did  not  long  survive,  and  his  body  was  burnt  in  his  own 
finrnace,  and  in  the  same  manner.  Although  the  utmost  publicity  was  given 
to  these  operations,  the  Home  Office  took  no  action.  Meanwhile,  an  occm-- 
rence  took  place  which  solved  the  legal  question  independently  of  any  action 
on  the  part  of  that  department  or  of  the  legislature.  A  certain  Dr.  Price 
attempted  to  burn  the  body  of  his  child,  not  having  registered  its  death. 
An  inquest  was  held,  returning  a  verdict  of  natural  death.  Dr.  Price  was 
committed  for  trial,  and  indicted  first  for  having  prevented  the  holding  of 
an  inquest,  and,  secondly,  for  having  attempted  to  burn  the  body.  The  case 
came  before  Mr.  Justice  Stephen,  at  the  Crown  Court,  Cardiff,  in  February 
1884.     Addressing  the  grand  jury  upon  it,  the  Judge  read  a  charge  in  which 
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lie  entered  elaborately  into  the  whole  law  of  the  subject.  The  following 
quotations  from  this  document  made  clear  the  legal  position  of  the  Society 
and  set  at  liberty  the  hands  of  its  Council : — '  The  great  leading  rule  of 
criminal  law  is,  that  nothing  is  a  crime  unless  it  is  plainly  forbidden  bylaw.' 
'  The  burning  of  the  dead  has  never  been  forbidden,  or  even  mentioned  or 
referred  to,  so  far  as  I  know,  in  any  part  of  our  law.'  '  I  am  of  opinion  that 
a  person  who  burns  instead  of  burying  a  dead  body  does  not  commit  a 
criminal  act,  unless  he  does  it  in  such  a  manner  as  to  amount  to  a  public 
nuisance  at  common  law.'  *  I  have  been  unable  to  discover  any  authority  for 
the  proposition  that  it  is  a  misdemeanour  to  burn  a  dead  body,  and  in  the 
absence  of  such  authority  I  feel  that  I  have  no  right  to  declare  it  to  be  one.' 
*  I  think  that  to  burn  a  body  decently  and  inoffensively  is  lawful,  or  at  the 
least  not  criminal.'  Dr.  Price  was  acquitted.  In  the  following  month, 
March  1884,  the  Council  of  the  Society  decided  upon  the  execution  of  their 
project,  and  issued  a  notice  that  their  crematorium  could  be  used  by  the 
pubhc  under  certain  regulations.  The  conditions  were  expressed  in  the 
following  terms : — 

1.  An  application  in  writing  must  be  made  by  the  friends  or  executors  of 
the  deceased — unless  it  has  been  made  by  the  deceased  person  himself  durmg 
life — stating  that  it  was  the  wish  of  the  deceased  to  be  cremated  after  death. 
They  must  furnish  the  name  of  the  medical  man  who  has  attended  the 
deceased,  in  order  that  he  may  receive  an  official  communication  from  the 
secretary  before  certifying. 

2.  A  certificate  must  be  sent  by  a  qualified  medical  man,  who,  having 
attended  the  deceased  until  the  time  of  death,  can  state  without  hesitation 
that  the  cause  of  death  was  natural,  and  what  that  cause  was.  Another 
qualified  medical  man,  if  possible  a  resident  in  the  immediate  neighbourhood 
of  the  deceased,  is  also  required  to  certify,  after  independently  examining  the 
facts  within  his  reach,  that  to  the  best  of  his  behef  the  death  was  due  to 
natural  causes.  To  each  of  these  gentlemen  is  to  be  forwarded,  before  certi- 
fying, a  letter  of  'instructions,'  marked  '  private,'  signed  by  the  president  of 
the  Society,  calling  special  attention  to  the  important  nature  of  the  service 
required. 

3.  If  no  medical  man  attended  during  the  illness,  an  autopsy  must  be 
made  by  a  medical  officer  appointed  by  the  Society,  or  the  cremation  cannot 
take  place,  unless  a  coroner's  inquest  has  been  held  and  has  determined  the 
cause  of  death  to  be  natural.  These  conditions  being  fulfilled,  the  Council  of 
the  Society  still  reserved  the  right  in  all  cases  of  refusing  permission  for  the 
performance  of  cremation  if  they  thought  it  desirable  to  do  so.  The  subject 
was  now  fully  before  the  public.  It  responded  immediately.  New  provincial 
societies  were  formed,  a  large  correspondence  ensued,  and  applications  were 
made  for  the  use  of  the  furnace.  The  Woking  Crematorium  was  employed 
for  the  first  burning  of  a  human  body  on  March  20,  1885 ;  two  other 
cremations  following  in  the  course  of  the  year.  During  1886  ten  bodies  were 
burned  ;  in  1887,  thirteen  ;  in  1888,  twenty-eight ;  in  1889,  forty-six  ;  in  1890, 
fifty-four ;  in  1891,  ninety-nine  ;  and  in  1892,  104,  with  thirty-eight  up  to 
May  1893,  making  a  total  of  395  since  the  commencement  in  1885.  All 
this  had  been  done  with  the  law  remaining  as  it  was  at  first ;  for  though,  in 
1884,  Dr.  Cameron,  one  of  the  members  for  Glasgow,  introduced  into  a  bill 
which  he  laid  before  the  House  of  Commons  clauses  making  cremation  a  legal 
way  of  disposing  of  the  body,  they  met  with  Government  opposition,  and  the 
bill  was  rejected.  A  minority  of  seventy-nine  members  voting  with  him,  how- 
ever, put  an  end  to  all  possibility  of  carrying  any  prohibitive  measures. 

Cremation,  therefore,  as  it  is  practised  at  Woking,  maintains  its  position. 
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of  non-illegality.  The  opening  of  a  crematorium  at  Manchester,  the  erection 
•of  a  columbarium  in  Kensal  Green  Cemetery,  and  other  circumstances,  give 
every  reason  to  conclude  that  old  prejudices  are  dying  out,  that  the  sanitary 
benefits  are  becoming  appreciated,  and  that  a  rapid  extension  of  the  practice 
may  in  coming  years  fairly  be  expected.  That  such  may  be  the  case  is  most 
earnestly  to  be  desired  in  the  interests  of  morals,  health,  and  economy ;  and 
it  is  not  unreasonable  to  anticipate  that  Government  may  recognise  and 
regulate  cremation,  as  well  as  enforce  the  rule  of  single-grave  burial  upon 
those  who  still  prefer  burial  in  the  earth.  Without  some  such  manifestation 
of  wise  regard  to  the  teachings  of  modern  science,  we  shall  justly  incur  from 
the  generations  to  come,  not  only  the  feeling  of  regret  we  have  when  we 
think  of  the  ignorant  adoption  of  earth  burial  by  our  forefathers,  but  a  censure 
for  blind,  culpable  indifference  to  our  own  safety  and  the  future  well-being 
of  society. 

Arrangements  at  Woking. — The  system  adopted  for  the  crematorium  at 
Woking  is  that  of  Gorini,  which  was  considered  best  for  the  site,  inasmuch 
as  no  supply  of  gas  is  required  to  ensure  combustion,  but  only  wood  and 
coal.  The  receptacle  for  the  body  is  a  flat-bottomed  chamber,  open  at  each 
end,  and  heated  directly  from  the  furnace.  When  the  door  separating  the 
furnace  from  the  crematory  chamber  is  opened,  the  flames  play  over  the 
body,  and  all  evaporated  matter  passes  through  a  second  chamber  and  a 
series  of  intensely  heated  flues  to  the  external  chimney.  Near  the  bottom 
of  this  chimney  is  placed  a  grating  upon  which  coke  is  kept  burning,  and 
here  every  product  of  combustion  is  subjected  to  a  still  higher  temperature 
before  it  issues  from  the  upper  end  of  the  shaft.  The  fumes  which  escape 
and  mix  with  the  atmosphere  are  purely  gaseous.  There  is  no  admixture 
of  smoke,  and  so  perfectly  is  every  particle  of  organic  matter  consumed, 
that  analysis  of  a  collection  made  at  the  mouth  of  the  chimney  during  the 
full  action  of  the  fire  upon  a  body  proves  that  nothing  more  escapes  into 
the  air  than  a  vapour  containing  about  4  per  cent,  of  carbonic  acid,  16  of 
oxygen,  and  80  of  nitrogen.  When  any  black  or  visible  smoke  escapes,  as 
it  does  occasionally  on  first  lighting  the  fire,  before  the  furnace  is  heated 
for  the  body,  it  is  only  a  proof  of  want  of  care  in  the  stoker. 

A  chapel  or  hall,  which  can  be  used  for  religious  services,  and  suitable 
accommodation  of  rooms  for  attendants  at  the  ceremony,  have  recently  been 
added  to  the  crematory  apparatus.  The  time  usually  occupied  by  the  pro- 
cess varies  from  an  hour  to  an  hour  and  a  half,  after  which  the  ashes  are 
ready  for  delivery  to  the  friends.  Provision  has  been  made  on  the  property, 
both  for  the  burial  of  the  ashes  in  the  ground  and  for  the  preservation  of 
cinerary  urns  in  the  chapel.  It  is  still,  however,  an  open  question  what  is 
best  to  do  with  the  ashes.  Enclosed  in  urns,  they  may  form  a  valued  and 
venerated  relic,  and  if  buried  in  churches,  or  even  in  cloisters  around  them, 
or  exceptionally  beneath  the  floors  of  our  cathedrals  and  abbeys,  they  would 
occupy  very  little  space  and  remain  perfectly  harmless  for  generations.  Some 
would  have  their  ashes  scattered  to  the  winds.  But  where  ?  They  might 
be  offensive  to  someone  in  their  flight,  and  in  the  end  must  come  to  the 
ground.  The  earth,  then,  is  their  natural  destination,  and  it  seems  probable 
that  hereafter  they  will  either  be  buried,  or  preserved,  or  taken  to  some 
family  grave  or  churchyard,  and  there  laid  to  commingle  with  the  soil  of 
which  in  a  short  time  they  would  become  an  undistinguishable  part,  ready 
for  new  transformations  and  incapable  of  injury  to  the  living. 

Cremation  Abroad. — Less  difficulty  has  been  experienced  elsewhere  than 
in  England  in  reconciling  public  opinion  to  the  substitution  of  burning  for 
burial  as  a  means  of  disposal  of  the  dead.     America  has  so  far   adopted 
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the  practice  that  seventeen  crematories  had  been  erected  in  some  of  the 
principal  cities,  and  the  remains  of  more  than  2,300  persons  have  been  cre- 
mated in  them  up  to  1891.  As  the  law  in  some  of  the  States  provides  only 
for  the  disposal  of  the  dead  by  burial,  efforts  are  being  made  to  have  it  so 
altered  as  to  leave  the  people  free  choice  between  cremation  and  burial. 
Most  of  the  American  crematories  are  the  property  of  joint-stock  com- 
panies, which,  to  avoid  all  medico-legal  objections,  have  made  very  strict 
regulations. 

Cremations  began  in  Germany  at  Dresden  in  1874,  one  of  the  bodies 
burnt  being  that  of  an  English  lady.  Societies  exist  in  Berlin,  Hamburg, 
and  other  places,  but  the  greatest  activity  is  shown  at  the  small  town  of 
Gotha,  where  the  Siemens  gas  apparatus  has  been  chosen  by  the  municipal 
council,  and  has  served  for  over  800  incinerations. 

The  subject  had  been  for  many  years  a  matter  of  discussion  in  Italy. 
Coletti  began  the  movement  in  1857,  but  political  troubles  prevented  much 
attention  being  given  to  his  addresses.  In  1869  the  Medical  Congress  at 
Florence  passed  a  resolution  unanimously  approving  and  recommending 
cremation.  A  law  of  sanction  was  obtained  for  it  in  1873.  Baron  Keller, 
dying  in  1876,  left  a  sum  of  money  for  the  burning  of  his  own  body,  and  for 
the  erection  of  a  crematorium  in  Milan,  of  which  city  he  had  been  an  in- 
habitant. Two  Gorini  furnaces  are  at  work  in  it,  and  many  bodies  are  con- 
sumed every  year.  It  was  at  this  institution  that  a  case  of  accidental 
poisoning  was  discovered  by  the  stricter  certificate  required  for  cremation, 
which  would  have  escaped  notice  had  the  child  been  buried  in  the  cemetery 
with  the  usual  certificate  of  the  cause  of  death.  Similar  buildings  have 
been  constructed  at  Eome  and  many  other  Italian  cities,  and  the  return  in 
1889  gave  a  total  of  788  cremations  in  Italy — a  number  largely  increased 
since. 

The  spirit  of  doubt  and  inquiry  which  had  sprung  up  in  the  French 
mind  during  the  latter  half  of  the  last  century,  and  which  led  to  the  emanci- 
pation of  the  people  from  so  many  of  the  abuses  of  the  old  regime,  was 
not  confined  to  constitutional  questions.  There  were  among  the  agitators 
social  reformers  and  sanitarians  as  well  as  politicians  and  adventurers. 
When  the  Church  fell,  all  things  which  had  been  under  ecclesiastical  con- 
trol came  in  for  their  share  of  scrutiny  and  depuration.  Grave-yards  in 
France  were  in  no  better  condition  than  those  of  England.  Complaints 
of  long  standing  had  been  met  by  a  neglected  decree  of  Parliament  in 
1765,  ordering  the  cessation  of  burials  in  all  towns  and  churches.  Under 
the  Directory,  considerations  of  public  health  led  to  a  demand  for  a 
thorough  reformation  in  the  matters  of  funerals  and  cemeteries.  It  was 
not  surprising  that,  with  the  rage  of  imitation  of  what  was  supposed  to 
be  ancient  republican  manners,  among  other  projects  for  the  safe  disposal 
of  the  dead  cremation  should  be  the  leading  proposal.  It  was  partially  ad- 
mitted in  the  Department  of  the  Seine.  The  administration  had  the  intention 
of  opening  wi  champ  de  repos  at  Montmartre,  where  bodies  could  be  either 
burnt  or  buried  at  discretion.  The  prefect,  upon  the  demand  of  the  parents, 
conceded  authorisation  to  burn  the  body  of  a  child.  *  He  could  not,  without 
violating  the  principle  of  freedom  of  opinion,  enforce  any  particular  mode  of 
doing  what  was  a  religious  duty.'  But  the  child  was  never  burnt,  for  discussion 
had  lingered  and  was  prolonged  till  the  Church,  accepting  a  position  as  part 
of  the  machinery  of  imperial  government,  was  re-established.  After  this, 
mention  of  cremation  ceased.  During  the  early  years  of  the  Second  Empire  the 
subject  was  ineffectively  revived.  Public  feeling  was  not  roused  till  after  the 
succeeding  Government  had  been  obliged  to  accede  to  the  burning  of  the  bodies. 
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left  imperfectly  buried  about  Sedan  in  1870.  Many  determined  attempts  were 
made  to  bring  this  feeling  to  some  practical  issue.  It  was  not  till  1880,  how- 
ever, that  a  cremation  society  was  formed.  A  crematory  of  considerable  size, 
erected  by  the  Municipal  Council  of  Paris  in  the  upper  part  of  Pere  la  Chaise 
in  1887,  has  been  brought  into  use  under  authorisation  of  the  Burial  Law  of 
that  year.  Unfortunately,  cremation  is  regarded  by  the  City  Council  as  a 
purely  civil  act.  Their  apparatus  is  devoid  of  any  religious  emblem,  and  was 
at  first  unprovided  with  accommodation  for  religious  service.  Though  no 
great  difficulty  had  been  met  with  in  obtaining  from  the  legislature  a 
facultative  position  for  cremation,  Article  20  of  a  decree  of  the  Conseil 
■d'Etat  distinctly  declares  that  the  ashes  of  a  body  cannot  be  deposited 
anywhere,  even  temporarily,  but  in  a  regularly  established  place  of  burial. 
Nor  can  they  be  displaced  without  an  order  from  the  Municipal  Council. 
For  the  present,  those  in  urns  are  kept  in  a  large  vault  at  Pere  la  Chaise, 
arranged  for  the  purpose,  till  the  columbarium  is  completed.  The  unclaimed 
ashes  are  packed  in  boxes  and  laid  in  the  fosse  commune.  Four  Gorini 
furnaces  were  first  set  up  in  the  building  at  Pere  la  Chaise,  and  many  bodies 
have  been  burnt  in  them.  In  December  1888  the  matters  escaping  from  the 
<3himney  were  examined  on  an  occasion  when  the  bodies  burnt  weighed  173 
kilogrammes.  Four  kilogrammes  of  wood  were  used  for  burning  the  bodies, 
and  coke  for  consuming  the  smoke.  Gases  were  collected  at  two  different 
stages  of  the  operation,  and  upon  analysis  were  found  to  consist  of — 

Carbonic  acid 3-47  4-16 

Oxygen 16-20  16-15 

Nitrogen 80-00  79-68 

9^67  59^9 

These  furnaces  have  lately  been  suppressed  on  account  of  their  imperfect 
action.  A  new  apparatus,  the  invention  of  Messrs.  Toiseul  and  Fredel,  has 
been  substituted.  In  this  the  gas  producer  is  on  a  lower  level  than  the 
chamber  for  the  body,  to  which  the  incandescent  gases  are  conducted  through 
a  recuperator,  heating  the  air  which  they  take  with  them.  The  smoke  is  not 
burnt  and  escapes  by  the  chimney  into  the  open  air.  From  August  12, 
1888,  to  December  1889,  735  bodies  were  burnt,  of  which  37  were  of  persons 
not  sent  from  the  hospitals  and  dissecting  rooms.  At  one  time  the  men  were 
at  work  night  and  day.  One  of  the  latest  reports  states  that  the  number  of 
bodies  burnt  now  amounts  to  more  than  4,000. 

Cremation  has  made  considerable  progress  in  the  Colonies  and  in  other 
European  States.  In  most  of  them,  Eussia  and  Turkey  excepted,  societies 
have  been  formed,  or  the  subject  has  been  brought  under  notice,  with  every 
probability  of  the  custom  of  burning  the  dead  eventually  replacing  that  of 
burial.  After  more  than  sixteen  years  of  earnest  and  disinterested  work  in 
the  propagation  of  knowledge,  seeking  a  revision  of  our  burial  laws,  obtaining 
more  exact  proof  of  the  real  cause  of  death,  practically  proving  the  possibility 
of  decently  and  inoffensively  using  cremation,  and  putting  at  the  command 
of  the  public  the  means  of  employing  it  without  much  expense  or  inconve- 
nience, it  is  no  slight  satisfaction  to  all  who,  as  founders  and  supporters  of  the 
Cremation  Society  of  England,  have  been  so  engaged  to  find  that,  in  spite 
of  difficulties  and  discouragements,  their  efforts  are  likely  to  end  successfully, 
and  that  this  and  other  countries  will  be  freed  from  an  ever-threatening 
danger  of  modern  civilisation,  by  a  general  and  reverent  adoption  of  what 
has  proved  to  be  the  safest  and  most  rational  manner  hitherto  practised  of 
.disposing  of  our  dead. 

One  or  more  generations  of  men  may  disappear  before  the  burial  of  ashes 


DISPOSAL  OF  THE  DEAD  719 

•instead  of  burial  of  the  entire  body  becomes  general  in  our  country.  Until 
that  time  comes,  it  will  be  the  duty  of  every  medical  officer  of  health  not  only 
to  make  himself  acquainted  with  the  bye-laws  of  the  Local  Government 
Board  for  the  sanitary  requirements  of  cemeteries,  but  to  exert  his  influence 
in  enforcing  obedience  to  those  requirements.  It  is  to  be  hoped  that  the 
regulations  of  the  Cremation  Society  of  England  will  be  approved  by  our 
Government,  and  that  cremation  will  only  be  permitted  when  such  regulations 
are  obeyed  and  acted  on. 
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II 

The  preceding  paper  on  disposal  of  the  dead  considers  this  subject  front 
the  point  of  view  of  those  who  see  difficulties  and  dangers  in  the  customary- 
method  of  mterment.  This  view  is  in  no  way  universally  shared,  and  it  is 
urged  on  the  other  side  that,  if  proper  care  be  exercised  in  the  selection 
of  the  site  of  the  burial-ground  and  in  its  subsequent  management,  these 
difficulties  and  dangers  can  be  obviated.  The  destruction  of  the  body  by  fire 
gives  opportunity  for  the  concealment  of  crime,  from  which  interment  is  free. 

Under  these  circumstances,  it  is  desirable  that  the  volume  should  contain 
a  more  detailed  account  of  burial  in  the  earth  as  a  means  of  disposal  of  the 
dead,  and  of  the  conditions  which  should  be  observed  in  the  management  of 
burial-grounds. 

The  practice  of  burial  in  the  earth  as  a  means  of  disposal  of  the  dead  has 
been  put  upon  its  defence  by  two  such  eminent  surgeons  as  Sir  Henry- 
Thompson  and  Sir  Spencer  Wells,  who  have  succeeded  in  winning  to  their 
side  a  considerable  number  of  followers.  They  have  condemned  burial  iiv 
toto,  as  in  every  respect  bad,  polluting  the  earth,  the  air,  and  the  water- 
supply,  propagating  diseases  by  the  bacilli  arising  from  the  buried  corpses,. 
and  as  being  altogether  indefensible.  Mr.  Seymour  Haden  and  Dr.  Vivian 
Poore,  two  other  distinguished  members  of  the  medical  profession,  have  taken 
up  the  defence  of  burial,  and  have  also  a  large  following.  They  have  con- 
demned cremation  as  absolutely  as  their  opponents  have  condemned  burial, 
alleging  that  the  crematory  furnaces  are  much  more  likely  to  poison  the  air 
than  burial  in  the  earth  ;  that  cremation  is  not  a  perfect  process,  since  it  leaves 
a  not  inconsiderable  weight  of  ashes  as  a  residuum,  and,  which  is  the  greatest 
objection  of  all,  that  cremation,  by  removing  all  possibility  of  exhuming  the 
body,  has  a  direct  tendency  to  defeat  the  administration  of  justice,  and  to  en- 
courage criminals  in  their  guilty  course.  Following  at  a  most  respectful 
distance  such  eminent  men,  our  course  must  continue  to  be,  as  it  has  been 
throughout  the  whole  of  this  controversy,  a  middle  one.  In  both  modes  we 
can  see  merits  and  demerits,  while  in  the  arguments  used  by  the  respective 
champions  on  either  side  we  can  see  errors.  Our  principal  reason  for  taking 
any  part  in  the  discussion  is  the  experience  we  have  gained  of  burial,  in 
witnessing  the  removal  of  portions  of  five  burial-grounds,  one  of  which  we 
shall  describe,  with  the  exhumations  of  hundreds  of  corpses  (speaking  quite 
within  compass),  and  subsequently  of  four  bodies  for  medico-legal  purposes. 
Moreover,  the  city  of  Liverpool  is  distinctly  one  where  the  burial  of  the  dead 
acquires  a  special  interest. 

Bounded  on  the  west  by  the  river  Mersey,  it  has  spread  north,  south,  and 
east  with  a  rapidity  which  is  almost,  if  not  quite  unique.  From  being  a  poor 
fishing  village  at  the  commencement  of  Lord  Macaulay's  '  History,'  with  a, 
population  of  4,000,  and  having  only  one  chapel-of-ease,  whose  churchyard 
was  the  only  burial-ground,  its  population  rose  m  the  century  following  to 
40,000  ;  while  at  the  present  time  it  is  rapidly  approaching  600,000.  Many 
intramural  churchyards,  after  being  filled  to  repletion,  and  some  even  beyond 
tbis,  have  long  since  been  closed  ;  country  churchyards,  though  considerably 
increased,  are  yearly  becoming  less  capable  of  meeting  the  demands  made 
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upon  their  space  ;  while  sis  extramural  cemeteries,  varying  in  extent  from 
fifteen  to  120  acres,  present  appearances  of  occupation  with  the  dead 
buried  in  them  which  give  rise  to  serious  doubts  as  to  whether  they  will 
suffice  for  the  present  generation.  It  is  true  that  land  could  be  obtained 
north,  south,  and  eastwards  at  the  distance  of  some  miles  from  the  city ; 
but  land  is  required  for  the  living  rather  than  for  the  dead.  And  we  are 
perfectly  satisfied  that  before  ratepayers  will  consent  to  the  purchase  of 
large  portions  of  land,  bought  at  a  fancy  price,  they  will  insist  upon  the  burial 
of  the  dead  in  the  future  being  conducted  on  reformed  principles,  with  an 
entire  absence  of  any  undue  monopoly  of  the  ground  by  individual  purchasers. 
Moreover,  as  cremation  grows  in  favour  with  at  least  a  section  of  the  public, 
it  will  be  imperative  for  some  burial  boards  to  provide  facilities  for  this  mode 
of  disposal  of  the  body  in  some  cemeteries.  It  is  not,  however,  with  crema- 
tion but  with  burial  that  we  have  to  deal,  and  we  pass  on  to  describe  some  of 
the  abuses  of  burial,  as  we  have  witnessed  them,  side  by  side  with  burial  as  it 
ought  to  be.  For  in  this,  as  in  other  matters,  there  has  been  always  in  this 
country  a  tendency  to  reform — an  assertion  of  sturdy  British  common-sense 
which  has  generally  been  ready  to  pioneer  the  way  towards  rectifying  abuses 
and  supplying  in  their  stead  judicious  changes. 

In  1869  we  witnessed  the  removal  of  a  large  portion  of  St.  Ann's  Church- 
yard, Liverpool.  This  church  had  been  built  in  1772  on  a  morass  somewhat 
difficult  of  approach  and  quite  extramural  to  Liverpool  as  it  then  was. 
Rapidly  it  was  surrounded  with  houses,  which  were  at  first  tenanted  by  the 
wealthy  citizens,  next  by  the  tradespeople,  and,  after  being  divided  into  several 
different  parts,  they  gradually  passed  into  the  '  slums,'  For  a  period  of  sixteen 
years  before  the  removal  of  the  churchyard  there  had  been  no  interments  ;  but 
from  its  opening  in  1772  until  its  closure  m  1853  by  Order  in  Council,  a  con- 
siderable number  of  bodies  had  been  buried,  comprising  individuals  of  all 
classes  above  the  rank  of  paupers,  who  were  buried  elsewhere.  Many  of  them 
must  have  died  from  infectious  diseases,  there  having  been  two  severe  epi- 
demics of  cholera  during  its  eighty-one  years  of  usage,  and  other  epidemics  of 
typhus,  smaU-pox,  &c.,  and  yet,  though  the  neighbouring  houses  were  mostly 
separated  from  the  churchyard  wall  by  a  very  narrow  street,  and  on  one  side- 
they  actually  touched  the  wall  itself,  the  health  of  the  inhabitants  was  not 
worse  than  that  of  the  residents  in  any  other  '  slummy '  locality.  However, 
there  were  no  reports  of  any  illness  caused  by  the  exhumations,  which  lasted 
for  some  months  ;  and  though,  of  course,  steps  were  taken  to  limit  the  number 
of  onlookers  to  a  select  few,  nothing  could  be  done  to  prevent  the  inhabitants 
from  crowding  round  the  gate,  trying  to  see  what  they  could,  and  watching- 
the  departure  of  the  carts  containing  the  coffins.  The  majority  were  taken 
to  Anfield  Cemetery,  the  cemetery  proper  of  Liverpool,  which  contains  120 
acres,  two-thirds  of  which  have  been  laid  out  for  burials,  and  in  which  a  very- 
large  number  of  human  remains  were  re-interred  in  1864.  The  bodies  of 
some  individuals  were  removed  by  their  friends  to  other  burial-grounds. 
During  the  whole  of  the  exhumations  the  health  of  the  men  did  not  suffer^ 
though  they  complained  very  much  of  the  effluvia  at  times,  which  was  most 
offensive.  One  accident  occurred,  resulting  in  a  slight  scalp  wound,  from 
a  falling  plank,  but  this  was  the  only  one.  During  these  months  we  had 
time  and  opportunities  to  notice  the  following  interesting  facts. 

In  some  parts  the  ground  was  very  dry,  and  here  the  bodies  were  found 
reduced  to  skeletons,  there  being  no  trace  of  grave-clothes  nor  of  coffin,  except 
the  metal  handles,  plate,  &c.  We  have  already  mentioned  that  there  had  been 
no  interments  for  sixteen  years  ;  hence  it  will  be  seen  how  long  the  skeleton 
will  remain  even  in  a  dry  soil.     There  had  evidently  been  no  lead  used  in 
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these  cases  ;  but  wooden  coffins  will  remain  intact  much  longer  than  is  gene- 
rally believed,  and  we  are  convinced  that  it  was  not  until  some  years  after 
burial  that  the  body  was  permitted  to  come  in  contact  with  the  earth.  We 
see  here,  however,  that  the  soft  parts  will  disappear  in  time  in  a  dry  soil, 
leaving  only  the  skeleton,  which  no  doubt  will  itseK  disappear  in  the  course 
of  years. 

Small  bones,  evidently  those  of  newly-bom  infants,  were  found  buried 
very  superficially  and  in  more  or  less  perfect  preservation — another  fact  show- 
ing that  the  disintegration  of  the  bony  skeleton  is  a  work  of  time.  In  one 
case  we  found  a  skull  with  the  calvaria  neatly  sawn  through,  evidently  from 
a  post-mortem  examination.  In  another,  a  very  perfect  specimen  of  thyroid 
cartilage  was  found.  In  many  instances  skeletons  were  found  one  lying 
above  the  other  with  earth  in  all  the  cavities,  and  only  a  very  thin  layer  of 
earth  between.  There  were  many  opportiuoities  of  observing  the  differences 
of  sex,  as  shown  by  the  pelvis,  and  the  great  stature  indicated  by  the  length 
of  some  of  the  bones. 

Very  different  was  the  sight  presented  by  the  vaults  and  bricked  graves. 
Then'  construction  was  good,  better  indeed  than  that  of  many  houses  for  the 
living.  But  this  superior  construction  was  a  source  of  danger,  since  it  per- 
mitted the  retention  of  water,  vnth  which  some  of  them  were  almost  filled. 
When  this  was  removed,  the  coffins  were  seen  piled  one  over  the  other,  the 
lower  ones  crushed  almost  out  of  shape  by  the  superimposed  weight,  and  the 
small  vacant  space  covered  with  the  debris  of  the  outer  cases — oak  or  elm 
boards  covered  with  what  had  been  black  cloth  or  velvet  now  a  mass  of 
sodden,  tattered  rags.  The  lead  had  in  many  instances  given  way  at  the 
soldering  over  the  lid  of  the  inner  coffin.  When  this  was  intact  it  was  not 
disturbed  ;  but  when  moved  it  was  evident  that  the  contents  were  a  mass  of 
Uquids  and  solids  only  partly  decomposed,  and  the  effluvia  was  sickening  in 
the  extreme.  Fortunately,  the  space  in  which  the  men  worked  was  ample, 
and,  as  only  a  small  portion  was  done  at  a  time,  the  danger  was  minimised. 
In  those  cases  where  the  inner  shell  had  given  way  the  sight  was  extremely 
repulsive.  The  contrast  between  decomposition  as  it  takes  place  when  the 
body  is  brought  into  contact  with  the  earth,  as  has  been  described,  and  when 
it  is  tightly  boxed  up  in  a  coffin  which  has  for  years  been  soldered  up  in 
lead,  is  very  much  to  the  condemnation  of  the  latter.  This  is  distinctly  a 
subject  of  interest  and  importance  to  medical  officers  of  health.  That  a 
comparatively  thin  layer  of  suitable  earth  is  a  perfect  deodorizer  of  the 
effluvia  arising  from  a  corpse  has  been  and  can  be  proved  beyond  all  doubt. 
What  is  much  more  to  be  dreaded  is  the  concentrated  gas  retained  in  the 
inner  coffin  gradually  oozing  through  minute  apertures  in  the  solder  of  the 
lead-chinks  in  the  outer  case  and  cracks  in  the  cement  into  the  open  air. 
That  it  may  seriously  affect  the  health  of  those  attending  a  fimeral  or  pass- 
ing through  a  churchyard  or  cemetery  seems  to  us  to  be  undeniable. 

But  there  is  another  aspect  of  this  mode  of  burial  which  deserves  the 
most  serious  consideration.  All  the  bodies  exhumed  from  this  churchyard 
were  reinterred  exactly  in  the  same  manner  in  the  cemetery  to  which  they 
were  removed — those  taken  from  graves  being  buried  in  graves  ;  those  taken 
from  vaults  and  bricked  graves  being  placed  in  similar  structures  specially 
prepared  for  them.  A  very  serious  principle  is  here  involved.  The  church- 
yard was  attached  to  a  district  church  of  the  parish  of  Liverpool ;  the 
cemetery  was  purchased  by  the  ratepayers.  These  bodies  had,  with  their 
imperishable  coffins,  vaults,  and  waUed  graves,  occupied  the  groimd  in  the 
churchyard  for  periods  varying  from  sixteen  to  eighty  years.  They  were 
then  removed  to  the  city  cemetery,  not  only  to  occupy,  but  to  encumber  the 


DISPOSAL   OF  THE  DEAD  723 

ground  for  an  indefinite  period.  It  is  no  answer  to  urge  that  compensation 
has  been  given  in  the  form  of  an  increased  sum  for  the  purchase  of  the  vault 
or  walled  grave.  No  amount  of  money  could  recoup  the  ratepayers  for  such 
perpetual  monopoly  of  the  ground  paid  for  out  of  the  rates ;  while,  if  in 
addition  to  this  such  form  of  burial  be,  as  we  contend  it  is,  dangerous  to  the 
living,  there  can  be  no  justification  of  it  whatever.  We  are  not  going  to 
suggest  that  the  bodies  should  have  been  removed  from  the  lead  coffins,  and 
that  these  latter  should  have  been  destroyed :  such  would  be  an  outrage.  But 
these  exhumations  of  bodies  entombed  in  lead  and  placed  in  vaults  many 
years  ago  are  occurring  with  painful  frequency  in  London  and  elsewhere. 
While  we  write,  preparations  are  being  made  for  the  removal  of  some  two 
hundred  bodies,  almost  all  buried  in  this  same  way,  from  a  churchyard 
in  the  very  heart  of  Liverpool  to  a  suburban  cemetery.  Similar  proceedings 
are  taking  place  ^.vith  respect  to  bodies  entombed  below  churches  in  the  City 
of  London  during  the  last  century  and  the  early  part  of  this.  In  other 
words,  those  cemeteries  which  were  rendered  necessary  by  the  wholesale 
<ilosing  of  intramural  burial-grounds  in  1853,  and  which  were  purchased  at 
an  enormous  cost,  have  to  receive  the  remains  of  the  past  generation ;  even 
of  those  who  died  a  century  ago  !  And  another  very  serious  question  arises. 
Will  these  cemeteries  be  any  more  inviolate  than  the  consecrated  churchyards 
— '  the  God's  acres  ' — of  the  past  ?  If  these  latter  may  be  bought  by  city 
corporations  for  the  purpose  of  widening  a  thoroughfare,  making  a  new 
street,  or  any  other  improvement,  and  if  the  dead  can  be  removed  to  a 
cemetery,  why  should  not  this  be  repeated  years  hence  in  the  case  of  the 
•cemetery  ?  For  every  suburban  cemetery  forms  at  once  the  nucleus  of  a 
suburb,  village,  or  town,  and  it  is  quite  impossible  for  them  to  remain  suburban 
long.  Will  railways  be  allowed  to  pass  through  them  ?  And  will  local 
authorities  be  permitted  to  acquire  this,  that,  or  some  other  portion  for  local 
improvements,  the  dead  being  removed  to  some  other  distant  cemeteries  ? 
The  prospect  is  not  a  pleasing  one,  and  we  allude  to  it  only  to  show  what  we 
must  press  for  if  burial  is  to  continue  as  the  more  general  mode  of  disposal 
■of  the  dead.  It  is  burial  in  the  earth  pure  and  simple,  forbidding  the 
slightest  deviation  from  this,  and  requiring  the  use  of  readily  perishable 
coffins.  In  this  there  is  nothing  which  can  be  called  exacting  or  unreason- 
able. The  law,  as  laid  down  by  Lord  Stowell  more  than  half  a  century  ago, 
is  that  every  parishioner  has  a  right  to  be  buried  in  his  parish  churchyard  or 
cemetery,  but  that  he  had  no  right  to  have  buried  with  him  a  huge  trunk  or 
chest,  descending  with  him  into  the  grave  and  remaining  till  its  own  decay. 
That  is  no  part  of  his  right,  which,  strictly  taken,  is  that  his  body  shall 
be  carried  to  its  parent  earth  for  dissolution,  and  that  it  shall  be  carried 
thither  in  a  decent  and  inoffensive  manner. 

That  this  legal  dictum  exactly  accords  with  the  sanitary  science  of  the 
present  day  must  be  obvious  to  all  who  are  engaged  in  matters  relating  to 
health.  The  Order  in  Council  which  virtually  prohibited  intramural  burial 
after  the  year  1853  was  rendered  absolutely  necessary  by  the  overcrowded 
condition  of  the  church-  and  chapel-yards  ;  the  mode  of  burial  in  former  years 
having  been  that  known  as  '  pit  burial.'  Bodies  were  buried  in  layers  rang- 
ing from  six  to  twenty,  a  similar  number  being  buried  over  them  with  a  very 
slight  layer  of  earth,  and  the  process  was  repeated  until  the  last  layer  was 
within  a  very  short  distance  from  the  level  of  the  churchyard.  Bodies  buried 
like  this  were  exhumed  from  the  old  parish  churchyard  of  St.  Peter's  Church 
and  removed  to  Anfield  Cemetery,  the  superintendent  of  which  informed  us 
that  the  bones  were  so  thickly  clustered  together  as  to  resemble  sticks  in  a 
bundle.     This  would  not  have  been  had  the  soil  been  suitable  and  had  a 
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reasonable  portion  of  it  been  allotted  to  each  body ;  since  in  that  case  there- 
would  have  been  only  traces  of  bones,  many  of  the  bodies  having  been  buried 
more  than  a  centurj^  and  a  half.  These  experiences  of  the  past  teach  us  to 
avoid  the  two  pernicious  extremes  of  burial — (1)  hermetical  seahng  of  the- 
body,  as  in  lead  coffins  and  cemented  vaults  ;  (2)  overcrowding  of  bodies  to- 
gether without  a  sufficiency  of  earth  for  each,  as  in  the  pit  burial  of  paupers, 
a  practice  which  is  not  wholly  extinct.  The  happy  medium,  burial  in  a- 
perishable  coffin  and  in  a  sufficiency  of  suitable  earth,  has  been  found  a  perfect 
mode  of  disposing  of  the  body  in  the  past ;  it  ought  to  be  our  guide  for  the 
future. 

It  is  refreshing  to  turn  from  these  sights  to  our  extramural  cemeteries  of 
the  present  day,  which  have  been  purchased  and  laid  out  with  due  regard  to 
suitability  of  site,  of  soil,  and  other  requirements  of  the  times,  and  the  sur- 
roundings of  each  cemetery.  We  may  judge  the  capacity  of  the  earth  for 
receiving  the  bodies  of  the  dead  in  the  future  by  a  glance  at  the  past.. 
Throughout  the  length  and  breadth  of  the  United  Kingdom  there  are 
hundreds  of  village  churchyards  in  which  the  dead  have  been  buried  for 
centuries,  yet  there  is  still  room  for  more,  and  they  are  still  used.  In. 
the  near  vicinity  of  Liverpool  are  the  churchyards  of  Walton,  Childwall,. 
and  Sefton.  The  first  received  the  dead  from  Liverpool  as  well  as  those 
from  its  own  vicinity  till  the  seventeenth  century,  and,  though  enlarged, 
there  is  still  room  in  the  ancient  part.  Sefton  Churchyard  has  been  in  use 
since  the  twelfth  century,  and  Childwall  since  the  fourteenth.  In  them 
have  been  buried  the  bodies  of  victims  of  the  plague,  the  cholera,  small- 
pox, and  fevers  of  all  kinds.  Were  there  any  truth  m  the  supposed  dangers 
from  the  bacilli  arisuig  from  these  bodies,  these  burial-grounds  ought  long 
ago  to  have  been  noted  as  foci  of  disease,  whereas  their  localities  are  all 
models  of  health.  For  a  long  time  the  burials  were  comparatively  few,  and 
up  tiU  the  middle  of  last  century  were  probably  for  the  most  part  of  the 
simplest  character.  Indeed,  in  the  times  when  the  '  black  plague,'  Sudor 
Anglicanus,  or  '  sweating  sickness,'  as  it  was  variously  called,  was  epidemic,, 
coffins  were  dispensed  with  altogether,  and  so  also  in  epidemics  of  small-pox 
and  cholera.  We  thus  see,  side  by  side  as  it  were,  burial  as  it  should  be  and  as 
it  should  not  be.  The  evils  of  disposing  of  the  dead  as  shown  by  the  description 
we  have  given  were  caused  by  the  short-sighted  policy  of  the  former  genera- 
tions, who  persisted  in  these  urban  burials,  though  they  saw  the  town  ex- 
tending all  round  them,  ignoring  the  excellent  example  of  the  Jews  of  old, 
who  buried  their  dead  outside  the  city ;  and  consequent  upon  this  want  of 
foresight  acre  after  acre  of  ground  was  taken,  was  filled  to,  and  even  beyond 
repletion,  being  then  closed  because  it  was  absolutely  necessary.  In  addition 
to  the  churchyards  we  have  named,  there  were  between  thhty  and  forty 
other  church-  and  chapel-yards,  and  three  parish  cemeteries,  in  all  of  which 
were  every  one  of  the  abuses  we  have  indicated :  vault  interment,  over- 
crowded graves  (for  there  was  no  foot  of  earth  between  each  coffin  in  those 
days),  ground  unsuitable  for  burial  purposes,  pit  burial— in  short,  every  in- 
sanitary condition. 

Now,  although,  as  we  have  already  observed,  the  mere  fact  of  the  dead 
being  buried  even  in  large  numbers  in  any  particular  spot,  assuming  that  they 
are  all  properly  buried,  is  not  prejudicial  to  the  health  of  those  hving  near,, 
there  can  be  no  doubt  that  the  intramural  burials  were  a  great  aggravation 
of  Asiatic  cholera,  of  which  Liverpool  had  visitations  in  183-i,  1849,  and  1866. 
In  the  first  of  these  years,  the  deaths  from  cholera  were  1,523  in  a  population 
of  230,000  ;  in  1849  they  numbered  5,231,  the  population  being  then  376,000. 
Four  years  later  came  the  Order  in  Council  which  closed  absolutely  most  of 


DISPOSAL   OF  THE  DEAD  725 

iihe  town  burial-grounds,  and  placed  great  restrictions  upon  aU  the  others ; 
this  was  followed  by  the  foruiation  of  large  extramural  cemeteries  in  various 
suburbs.  And  when  the  cholera  again  appeared  in  1866,  the  town  having 
then  a  population  of  478,000,  the  deaths  numbered  1,782.  It  must  be  re- 
membered that  at  that  date  the  powers  now  possessed  by  local  authorities  of 
removing  to  hospital  compulsorily  those  infected  with  this  disease,  and  of 
conveying  to  a  mortuary  the  bodies  of  those  who  had  died  from  it,  did  not 
then  exist.  The  good  effects  of  forbidding  intramural  burial  in  reducing 
the  mortality  from  cholera  must  therefore  be  admitted. 

In  all  our  modern  cemeteries  the  suitabihty  of  the  soil  and  site  is  guaran- 
teed by  a  Government  medical  inspector  as  well  as  by  local  officials,  who  are 
now  well  aware  of  the  importance  of  such  details.  The  proper  drainage  is 
■secured,  and  the  contamination  of  water  rendered  impossible.  The  rights  of 
householders  are  protected  by  the  Act  which  forbids  any  cemetery  being  made 
within  one  hundred  yards  of  any  dwelling-house  without  consent ;  but  it  is  very 
remarkable  that  most  cemeteries,  however  isolated  they  at  first  may  be,  are 
gn^adually  made  to  form  the  nucleus  of  a  new  centre  of  population.  Eesidences 
must  be  built  for  the  officials,  and  these  are  generally  within  the  cemetery 
itself,  or  some  within  and  some  without.  A  sculptor's  and  statuary  yard  is 
a  more  or  less  necessary  appendage  to  a  cemetery,  and  one  is  generally  to  be 
found  near  at  hand.  Other  requirements  follow,  and  it  is  next  to  impossible 
for  any  cemetery  to  be  absolutely  extramural  for  long  after  its  opening,  though, 
fortunately,  it  can  never  become  so  intramural  as  those  of  old.  These  facts 
ought  to  induce  Burial  Boards  and  those  in  charge  of  cemeteries  to  conduct 
them  as  perfectly,  sanitarily  speaking,  as  is  possible. 

For  our  cemeteries  will  be  of  great  value  to  the  cities,  towns,  and  villages 
near  which  they  he,  if  they  are  made  suitable  recreation  grounds  for  the 
residents,  a  conglomeration  of  flower  gardens  and  flower  beds,  delighting  the 
eye  of  the  jaded  dvv^eller  in  town,  and  presenting  even  in  winter  a  green  oasis 
in  the  desert  of  bricks  and  mortar.  It  is  really  surprising  how  trees,  shrubs, 
and  flowers  will  grow  even  in  those  cemeteries  of  the  past,  which  were  less 
carefully  selected  than  those  of  more  recent  date ;  these  leave  httle  in  this 
respect  to  be  desired.  For  what  were  formerly  di'eary  plains  or  vast  tracts  of 
barren  soil  are  now  cemeteries  full  of  verdure,  with  broad  level  walks  and 
every  requisite  of  a  well-kept  recreation  ground.  It  only  remains  to  note 
what  improvements  are  required  to  make  them,  as  Lord  Stowell  said  they 
should  be,  not  only  the  cemeteries  of  this  generation  but  of  all  to  come. 

1.  Catacombs,  vaults,  bricked  graves,  should  be  absolutely  forbidden.  So 
far  from  there  being  anything  unreasonable  in  this,  reason  herself  demands 
it.  All  past  experience  shows  that  such  a  mockery  of  burial  is  unseemly  to 
the  dead,  an  outrage  on  Nature,  and  a  very  probable  source  of  danger  to  the 
living.  The  dead  outnumber  the  living  to  an  extent  hitherto  unknown,  and 
if  such  encroachments  on  cemetery  space  continue  much  longer,  they  will 
have  to  be  forbidden  by  law.  How  much  better  that  Burial  Boards  should 
voluntarily  pave  the  way  by  putting  a  deterrent  price  upon  vaults  and  by 
cheapening  that  of  graves  ! 

2,  Every  encouragement  should  be  given  to  purchasers  of  graves  by  sell- 
ing them  at  reasonably  low  prices  for  cash,  singly  or  in  plots  according  to 
the  size  of  the  family;  or  famihes,  should  two  or  more  become  joint 
purchasers.  We  are  not  going  to  suggest  that  they  should  become  monopo- 
lists, far  from  it.  Let  us  suppose  a  grave-plot  of  six  graves  ([1]  [2]  [3]  [4]  [5] 
[6])  taken  by  two  families.  Now,  when  the  first  death  occurs,  grave  No,  1  or 
6  can  be  used.  If  the  soil  be  suitable  and  the  coffin  perishable,  the  sinking 
of  the  mound  at  the  top  wiU  show  that  the  body  has  been  restored   to  the 
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earth,  and  the  object  of  burial  secured.  If  before  this  happens  a  second 
death  should  occur,  one  of  the  other  graves  may  be  opened.  And  so  by  this 
means  this  grave-plot  wiU  hold  the  remains  of  families  for  generation  after 
generation,  and  for  centuries,  like  the  old  village  churchyard  ;  thus  achieving 
in  a  perfectly  legal,  sanitary,  and  orthodox  manner  that  which  sentiment 
requires — '  in  death  they  were  not  divided.' 

3.  All  flat  stones,  obelisks,  sarcophagi,  recumbent  crosses,  &c.,  should  be 
forbidden.  The  top  of  the  grave  should  be  a  mound  of  earth,  a  flower-garden, 
or  bed  of  turf  according  to  taste,  or  trees  might  be  planted  over  it.  That 
trees,  shrubs,  and  flowers  have  the  power  of  absorbing  to  their  own  advantage 
any  miasmata  which  may  arise  from  buried  corpses  cannot  be  doubted,  and 
though  this  utilitarian  view  is  somewhat  repugnant  to  the  sentiment  of 
bereaved  friends  and  relatives,  it  is  of  too  great  importance  to  be  ignored  by 
members  of  Burial  Boards  dealing  with  the  cemetery  of  the  future  as  well  as 
of  the  present  generation,  and  with  the  health  of  the  living.  At  the  head  of 
each  grave  should  be  a  small  head-stone  for  the  names  of  the  deceased,  and 
the  adoption  of  wood  instead  of  stone  has  much  to  recommend  it,  since  that 
which  indicates  temporary  rather  than  permanent  possession  is  to  be  pre- 
ferred. 

That  these  suggestions  may  appear  somewhat  arbitrary  is  freely  admitted. 
But  they  are  the  result  of  much  thought,  derived  from  what  must  be  allowed 
to  have  been  large  and  painful  experience.  Moreover,  they  have  practically 
been  adopted  already.  Many  of  our  town  and  city  churchyards  have  been 
converted  into  recreation  grounds,  and  how  ?  By  covering  over  the  graves, 
extinguishing  all  evidences  of  perpetual  tenure,  and  in  fact  obhterating  all 
traces  of  it. 

4.  Public  or  common  graves  might  be  greatly  improved  if  they  were  con- 
structed differently.  The  usual  practice  at  present  is  to  bury  one  body,  then 
place  one  foot  of  earth  above  it,  and  then  another  body  ;  repeating  this  until 
the  grave  is  full,  this  fact  being  indicated  by  there  being  just  five  feet  of  earth 
between  the  last  buried  corpse  and  the  level  of  the  ground.  One  foot  of  earth 
is  hardly  sufficient  for  the  resolution  of  an  adult  human  body,  even  if  there 
were  no  coffin  to  be  considered,  and  this  system  seems  calculated  to  retard 
rather  than  to  hasten  the  process  of  disintegration.  A  better  plan  would  be 
the  adoption  of  common  grave-plots  on  the  same  principle  as  we  have  already 
indicated.  Let  a  series  of  common  graves  be  commenced,  and  let  no  second 
body  be  interred  in  it  until  the  sinking  of  the  mound  at  the  top  shows  that 
the  coffin  has  yielded  and  the  body  is  in  contact  with  the  earth  ;  then  a  second 
body  can  be  buried,  leaving  a  sufficiency  of  earth  over  the  last.  In  this  way 
common  or  public  graves  would  effect  their  purpose  as  efficiently  as  private 
graves  or  grave-plots,  and  it  is  for  this  efficient  burial  that  we  must  all  strive 
if  burial  is  to  continue. 

"With  reference  to  the  burial  of  infants,  whether  still-born  or  deceased 
shortly  after  birth,  the  inducement  to  fraud  would  be  removed  were  the  fee 
made  uniform  for  all  bodies  under  a  certam  length  and  weight.  For  it  is 
not  the  fact  of  still-birth  or  live-birth  which  concerns  the  cemetery  authorities, 
but  rather  the  amount  of  ground  which  the  body  will  occupy.  To  demand 
an  extra  fee  varying  from  eighteen-pence  to  seven  shillings  and  sixpence  for 
the  burial  of  a  body  of  the  same  size  or  even  smaller  than  that  of  a  still-birth 
must  appear  very  like  extortion  to  the  unfortunate  parents,  to  whom  such  a 
difference  is  a  serious  consideration.  The  adoption  of  a  uniform  and  more 
considerate  rate  would  be  a  very  wise  and  far-reaching  reform. 

The  example  set  by  the  London  Necropolis  Company  is  one  which  may 
be  followed  by  Burial  Boards  with  advantage,  provided  all  the  suggestions  we 
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have  made  are  adopted.  The  cemetery  of  that  company  at  Wokmg  comprises 
500  acres  of  suitable  soil  situated  on  a  line  of  railway  within  an  hour's  jour- 
ney from  London.  It  has  been  calculated  that  in  one  acre  of  ground  1,000 
graves  could  be  made  with  every  regard  to  sufficiency  of  soil  and  other  requi- 
sites of  sanitary  burial.  We  see  by  this  what  a  vast  accommodation  the 
earth  will  afford  for  burial  purposes.  For,  keeping  in  mind  what  we  have 
already  seen,  there  is  scarcely  any  limit  to  the  number  of  bodies  which  may 
be  buried  in  the  earth,  provided  it  be  done  with  due  regard  to  the  earth's 
proper  capacity  and  the  demands  of  sanitary  laws.  At  present  common  or 
public  graves  may  hold  from  four  to  six  bodies  according  to  their  depth  ;  but  if 
they  were  constructed  on  the  plot  system  we  have  suggested  they  might  con- 
tain many  more.  Now  that  intramural  burial  is  forbidden,  the  advantages 
of  a  cemetery  distant  from,  but  easily  accessible  to,  the  inhabitants  of  any 
town  or  city  is  obvious,  since  it  supplies  all  the  advantages  of  a  country 
churchyard  without  the  latter' s  drawbacks.  In  some  cases  two  or  more 
Burial  Boards  might  combine  together  to  purchase  one  cemetery.  But  in 
each  and  every  case  the  soil  must  be  suitable,  must  be  well  drained,  the 
drainage  being  well  trapped  and  intercepted  before  it  joins  the  public  sewer. 
We  have  already  noticed  that  steps  are  taken  by  the  visit  of  a  Government 
inspector  to  insure  these  precautions,  but  it  is  desirable  to  go  further.  If 
the  soil  be  suitable  there  will  be  little  or  no  moisture,  the  earth  absorbing 
readily  all  the  fluids  from  the  body,  while  it  is  surprising  how  little  water 
will  be  found  in  an  open  grave  even  after  a  night  of  heavy  rain.  A  sandy  soil 
is  suitable  in  all  respects  except  that  it  does  not  reduce  the  skeleton  readily. 
A  clayey  soil  is  obviously  objectionable,  being  not  only  damp,  but  liable  to 
form  cracks  in  hot  weather.  Ordinary  garden  mould  is  the  best  form  of  soil, 
and  gravelly  soils  have  been  recommended.  In  one  cemetery  where  we 
witnessed  three  exhumations  the  soil  was  partly  of  sand,  partly  clay.  The 
aim  must  be  to  secure  the  best  soil  possible,  which  will  be  dry  and  porous  {see 
p.  728).  The  drain-pipes  now  used,  of  earthenware  of  varying  calibre,  are 
admirably  suited  for  cemetery  purposes,  since  by  their  means  the  soil  can  be 
drained  from  grave  to  grave,  and  so  on  to  the  larger  drains  under  the  walks. 
All  this  involves  great  cost  to  the  ratepayers,  and  it  is  certain  that  the  latter 
will  demand  that  the  cemetery  shall  be  as  comprehensive  as  is  possible — not 
the  cemetery  of  any  class,  but  of  all,  not  of  this  generation  only,  but  of  the 
generations  to  come.  It  is  also  certain  that  considerable  difficulty  will  be 
expeiienced  in  obtaining  ground  for  the  re-interment  of  bodies  now  being  ex- 
humed, for  which  ground  a  high  or  even  a  fancy  price  may  be  asked.  Now 
most  of  these  re-interments  mean  the  entire  monopoly  of  ground  by  leaden 
and  other  metallic  coffins,  an  encroachment  upon  ground  purchased  by  the 
ratepayers  for  which  no  payment  could  be  adequate.  And  this  leads  us,  in 
conclusion,  to  another  matter  which  must  not  be  ignored.  Ought  there  to 
be  any  permanent  occupation  of  the  ground  in  the  public  cemetery  ?  Ought 
not  graves  which  have  fully  served  their  purpose  in  this  or  in  a  past  genera- 
tion to  be  still  utilised  in  the  next,  if  this  can  be  done  with  due  regard  to 
sanitary  burial  ?  Can  anyone  seriously  demand  the  perpetual  tenure  of  a 
capacious  grave  by  one  body  ?  Can  anyone  deny  the  perfect  propriety  of 
utilising  every  foot  of  grave  space,  always  providing  that  there  is  a  sufficiency 
of  earth  ?  To  contend  that  the  dead  can  have  any  perpetual  right  of  posses- 
sion is  absurd,  as  Lord  Stowell  pointed  out.  The  body  is  taken  to  the  earth  for 
dissolution,  not  for  preservation,  and  any  other  than  the  most  perishable 
coffin  cannot  be  justified.  It  is  probable  that  the  Government  inquiry  pro- 
mised by  the  Home  Secretary  will  throw  at  least  some  light  on  the  various 
points  in  connection  with  burial  to  which  we  have  alluded.     For  the  present 
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we  must  reiterate  our  conviction  that,  if  burial  is  to  continue  as  the  more 
general  mode  of  disposal  of  the  dead,  it  must  be  conducted  in  each  and  every 
case  on  the  principles  which  we  have  indicated. 

The  following  summary  of  a  '  Memorandum  on  the  Sanitary  Eequirements 
of  Cemeteries,'  issued  by  the  Local  Government  Board  in  1888,  embodies  the 
views  of  the  official  medical  advisers  of  the  English  Government  as  to  avoid- 
ance of  dangers  to  health  by  cemeteries. 

The  dangers  to  the  public  health  to  which  places  of  burial  may  give  rise 
are  of  two  kinds — viz.  the  contamination,  first,  of  air  by  the  gaseous  and 
volatile,  and,  secondly,  of  drinking -toater  by  the  liquid  and  soluble  products 
of  decomposition. 

1.  Contamination  of  Air. — The  gases  evolved  from  putrefying  bodies  may 
make  their  way  to  the  surface  through  pores  or  fissures  in  the  ground,  or 
may  pass  into  open  graves  dug  in  their  neghbourhood.  Or  they  may  diffuse 
themselves  laterally  through  the  ground  air,  and  may  be  given  off  from  putrid 
drainage  water,  whether  baled  out  of  graves  and  thrown  upon  the  surface,  or 
draining  into  open  channels  and  water-courses.  Thus  nuisance  and  danger 
to  health  may  be  occasioned,  not  only  to  grave-diggers  and  persons  attending 
funerals,  but  also  to  the  inhabitants  of  houses  in  the  neighbourhood  of  the 
Taurial- ground.  To  obviate  these  risks  it  is  necessary  that  the  number  of 
decomposing  bodies  in  a  given  portion  of  the  ground  should  not  at  any 
iime  be  so  great  that  the  gaseous  products  cannot  be  utilised  into  harmless 
substances  in  the  interstices  of  the  soil,  or  taken  up  by  vegetation  ;  that  a 
sufficient  depth  of  earth  intervene  between  corpses  and  the  surface  ;  and  that 
the  soil  be  of  a  suitable  nature  and  properly  drained,  the  drainage  water  being 
innocuously  disposed  of.  To  avoid  aerial  danger,  it  is  necessary  that  the 
place  of  burial  should  be  in  an  open  situation  and  at  a  sufficient  distance 
from  dwellings,  in  order  that  any  effluvia  arising  from  it  may  be  diluted  by 
diffusion,  or  dispersed  by  the  winds,  so  as  not  to  find  their  way  in  an  in- 
jurious state  of  concentration  to  places  where  they  will  be  liable  to  be  inhaled. 

2.  Pollution  by  Water. — The  percolation  of  foul  liquids  from  graveyards 
into  wells  may  occasion  injury  to  health.  The  liability  of  wells  to  pollution 
depends  partly  upon  their  proximity  to  the  graveyard  and  partly  upon  the 
configuration  and  geological  structure  of  the  ground.  In  order  to  obviate  risk 
from  this  cause,  it  is  necessary  that  a  cemetery  should  have  a  suitable  soil 
and  be  properly  drained,  and  that  it  should  be  at  a  sufficient  distance  from 
subterranean  sources  of  water-supply,  and  in  such  a  position  with  respect  to 
them  that  the  percolation  of  foul  matters  from  one  to  the  other  may  be  im- 
possible. 

Having  regard,  then,  to — (1)  suitable  soil,  and  proper  elevation  of  site ; 
(2)  a  suitable  position  ;  (3)  sufficient  space ;  and  (4)  proper  regulation  and 
management,  the  Board  advises  that — 

1.  The  soil  of  a  cemetery  should  be  of  an  open  porous  nature,  with 
numerous  close  interstices  ;  easily  worked,  yet  not  loose  ;  free  from  water  or 
hard  rock  to  a  depth  of  at  least  eight  feet ;  and  sufficiently  elevated  above 
the  drainage  level  of  the  locality.  Loam  and  sand  are  the  best ;  clay  and 
loose  stones  the  worst  soils. 

2.  It  may  be  taken  that  a  distance  of  200  yards  is  amply  sufficient  to  pre- 
vent any  injury  to  health  from  a  well-kept  cemetery,  so  far  as  regards  noxious 
matters  transmitted  through  the  air.  The  Burials  Act  of  1855  prescribes  100 
yards  as  the  minimum  distance  between  new  burial-places  and  human  habi- 
tations ;  the  Cemeteries  Clauses  Act,  1847,  200  yards.  In  France  the  pre- 
scribed distance  is  100  metres  (109  yards). 
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It  does  not,  however,  appear  that  the  amount  of  danger  to  health  to  be 
feared  from  proximity  to  a  well-kept  cemetery  is  large.  Since  intramural 
interment  has  been  abolished,  recorded  cases  of  injury  to  health,  or  even  of 
nuisance  arising  from  graveyard  emanations,  whether  conveyed  by  air  or 
water,  are  extremely  rare.  Sir  Charles  A.  Cameron  shows  that  the  amount 
of  organic  matter  deposited  yearly  in  a  well-kept  cemetery  is  less  than  the 
amount  removed  from  its  surface  in  the  form  of  vegetation,  and  considerably 
less  than  that  spread  as  manure  over  a  cultivated  field.  There  is,  therefore, 
no  reason  why  a  cemetery  should  necessarily  be  a  nuisance,  or  become  a 
source  of  danger  to  the  health  of  those  living  near  it.  Nevertheless,  it  is 
desirable  that  a  belt  of  ground  sho-uld  be  preserved  between  the  graves  and 
the  nearest  land  on  which  a  house  may  be  built,  to  obviate  the  risk  of  con- 
tamination of  ground  air  and  subsoil  water.  The  burials  should  not  take 
place  within  fifteen  to  twenty  feet  of  the  cemetery  boundary.  This  is  espe- 
cially necessary  when  the  houses  are  constructed  with  cellars. 

The  drainage  of  a  cemetery  should  not  be  allowed  to  enter  a  stream  from 
which  water  is  drawn  for  domestic  use.  It  does  not  appear  that  the  risk  to 
which  wells  are  exposed  from  the  proximity  of  a  properly  managed  cemetery 
is  in  ordinary  cases  great.  A  leaky  cesspool  is  a  far  greater  source  of  danger 
than  a  grave.  The  sohd  and  liquid  excretions  voided  by  a  human  being  in 
the  course  of  a  single  year  amount  to  several  times  the  weight  of  the  body. 
The  precautions  to  be  taken  to  avoid  pollution  of  wells  and  springs  are — (1) 
■sufficiency  of  intervening  space  between  the  cemetery  and  the  water  source  ; 
(2)  proper  drainage,  especially  for  subsoil  water  ;  (3)  proper  cemetery  manage- 
ment. 

The  English  Acts  and  regulations  prescribe  no  limit  of  distance  for  water- 
supplies  within  which  a  cemetery  is  not  to  be  established.  There  is  no  power 
to  prevent  anyone  from  sinking  a  well  on  his  own  property,  as  near  to  a 
cemetery  as  he  pleases. 

Sites  for  cemeteries  should  be  open  and  somewhat  elevated  ;  not  shut  in 
by  hills  or  close  belts  of  high  trees  ;  and  enclosed  with  open  palings.  Trees, 
though  useful,  should  not  be  allowed  to  become  an  impediment  to  the  air. 

3.  Sufficiency  of  Space. — The  regulations  of  the  Home  Office  prescribe 
that  no  unwalled  grave  shall  be  re-opened  within  fourteen  years  after  the 
burial  of  a  person  above  twelve  years  of  age,  or  within  eight  years  after  the 
burial  of  a  child  under  twelve  years  of  age,  unless  to  bury  another  member 
•of  the  same  family,  in  which  case  a  layer  of  earth,  not  less  than  one  foot  thick, 
shaU  be  left  undisturbed  above  the  previously  buried  coffin ;  but  if  on  re- 
opening any  grave  the  soil  be  found  to  be  offensive,  such  soil  shall  not  be  dis- 
turbed, and  in  no  case  shall  human  remains  be  moved  from  the  grave.  The 
size  of  the  grave- space  is  to  be  9  feet  by  4  feet  =  4  square  yards,  for  an  adult ; 
and  for  a  child  under  twelve,  2  square  yards — viz.  either  4^  by  4  feet,  or  6  by 
3  feet.  They  allow  for  the  hole  dug  for  an  adult  to  be  7  by  2  feet.  In 
any  case  it  is  important  that  each  grave  should  be  at  least  a  foot  distant  from 
the  nearest  grave  on  every  side. 

The  minimum  allowance  of  space  in  a  cemetery  should  be  about  a  quarter 
of  an  acre  per  1,000  inhabitants.  This  allows  the  graves  to  be  re-used  every 
fourteen  years. 
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THE   MEDICAL   OFEICEE   OF   HEALTH 

England  and  Wales 

In  discussing  the  duties  of  and  matters  relating  to  medical  officers  of  health: 
it  is  necessary,  in  respect  of  some,  to  distinguish  them  in  accordance  with 
the  several  parts  of  the  United  Kingdom,  whilst  others  are  common  to  medical 
officers  of  health  in  all  parts  of  it. 

In  the  following  pages  it  is  assumed  that  the  remarks  are  to  be  apphed 
generally  unless  it  is  otherwise  specified. 

If  properly  wielded,  the  influence  of  the  large  body  of  those  officers  now 
scattered  throughout  the  country  is  destined  to  fulfil  an  important  part  in. 
the  future  destiny  of  the  nation,  inasmuch  as  the  ever-increasing  density  of 
population  will  necessitate  continued  care  and  foresight  to  avert  the  deterio- 
ration of  the  public  health  so  likely  to  accrue  from  that  cause,  whilst  much 
will  depend  upon  the  thoroughness  with  which  those  who  hold  the  office 
comprehend  and  administer  the  multifarious  duties  attaching  to  it. 

The  appointment  of  medical  officer  of  health,  as  now  existing,  is  of  recent 
origin,  but  the  justification  of  the  creation  has  already  been  fully  established 
by  the  results  which  have  thus  far  been  attained  in  a  comparatively  short 
space  of  time  ;  the  consequent  benefits  to  the  public  health  having  fully 
warranted  the  innovation  which  was  made  by  the  Legislature. 

The  Towns  Improvement  Clauses  Act,  1847,  which  extended  only  to 
such  towns  or  districts  in  England  or  Ireland  as  should  be  comprised  in  any 
Act  of  Parhament  subsequently  passed  which  should  declare  it,  or  any  part 
of  it,  to  be  incorporated  therewith,  provided  for  the  appointment  of  a  salaried 
*  officer  of  health '  by  the  '  Commissioners  '  under  the  special  Act,  if  they 
thought  fit.  The  person  appointed  had  to  be  of  competent  skill  and  experience, 
and  the  appointment  had  to  be  approved  as  prescribed  by  the  special  Act,  or 
by  one  of  Her  Majesty's  principal  Secretaries  of  State.  His  duties  were  to 
'  ascertain  the  existence  of  diseases  within  the  limits  of  the  special  Act,  espe- 
cially epidemics  and  contagious  diseases,  and  to  point  out  any  nuisances  or 
other  local  causes  likely  to  cause  and  continue  such  disease,  or  otherwise  injure 
the  health  of  the  inhabitants,  and  to  point  out  the  best  means  for  checking  or 
preventing  the  spread  of  such  diseases  within  the  limits  aforesaid,  and  also 
the  best  means  for  the  ventilation  of  churches,  chapels,  schools,  registered 
lodging-houses,  and  other  public  buildings  within  the  limits  aforesaid,  and 
from  time  to  time  as  required  by  the  Commissioners  to  report  to  them  upon 
the  matters  aforesaid,  and  to  perform  any  other  duties  of  a  like  nature  which 
may  be  required  of  him.' 

The  Commissioners,  with  the  above-described  approval,  might  discontinue 
the  office  or  remove  any  such  officer  of  health. 

The  Pubhc  Health  Act,  1848,  which  could  be  adopted  in  England  and 
Wales,  under  certain  conditions,  in  any  city,  town,  borough,  parish,  or  place 
having  a  known  or  defined  boundary,  gave  power  to  the  local  board  of  health 
of  any  district  constituted  under  it  to  appoint  a  legally  qualified  medical 
practitioner,  or  a  member  of  the  medical  profession,  '  officer  of  health  '  for 
their  district,  who  was  to  perform  such  duties  as  the  then  existing  General 
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Board  of  Health  should  direct.  That  body  issued  a  code  of  regulations  pre- 
scribing those  duties  in  1851.  The  same  person  might  be  officer  of  health 
for  two  or  more  districts. 

Under  that  Act,  the  Local  Government  Act,  1858,  and  some  local  Acts, 
officers  of  health  were  appointed  in  some  cities,  towns,  and  smaller  places. 

Dr.  Duncan,  of  Liverpool,  was  the  first  medical  officer  of  health,  having 
been  appointed  in  1847  under,  and  immediately  after  the  passing  of,  the 
Liverpool  Sanitary  Act,  1846.  Sir  John  (then  Mr.)  Simon  was  the  second, 
and  was  appointed  in  1848,  when  the  City  of  London  obtained  the  power  to 
appoint  a  medical  officer,  by  means  of  the  City  Sewers  Act  of  that  year.  In 
his  instructive  and  valuable  work  entitled  '  English  Sanitary  Institutions,' 
he  has  given  a  graphic  account  of  his  initiation  of  the  routine  of  the  office, 
which  has  now  been  extended  throughout  the  length  and  breadth  of  the 
country. 

It  was  not  until  the  Public  Health  Act,  1872,  was  passed  that  the  duty 
•of  appointing  medical  officers  of  health  was  imposed  upon  the  local  authorities 
in  all  parts  of  England  and  Wales  outside  the  metropolis.  Then  for  the  first 
time  the  public  health  in  any  thoroughly  country  part  came  under  regular 
medical  supervision.  Previously  to  that,  however,  section  14  of  the  Nuisances 
Eemoval  Act,  1860,  enabled  the  guaxdians  of  any  union,  or  parish  not  within 
a  union,  to  employ  at  any  time  one  of  their  medical  officers  to  make  inquiry 
and  report  upon  the  sanitary  state  of  the  whole  or  of  any  part  of  their  union 
or  parish,  and  to  pay  him  for  so  doing  ;  but  it  does  not  appear  that  advantage 
was  generally  taken  of  this  power. 

The  Act  of  1872  divided  the  whole  of  England  and  Wales,  exclusive  of 
the  metropolis,  into  '  Urban  Sanitary  Districts  '  and  '  Eural  Sanitary  Dis- 
tricts '  as  they  are  now  known,  and  placed  them  under  the  jurisdiction  of 
'  Urban  Sanitary  Authorities  '  and  '  Eural  Sanitary  Authorities,'  who  were 
to  appoint  medical  officers  of  health,  being  legally  qualified  medical  practi- 
tioners, in  every  one  of  their  districts.  The  appointments  first  made  after 
the  passing  of  the  Act  were  to  be  for  a  period  not  exceeding  five  years. 

The  Act  also  instituted  'Port  Sanitary  Authorities,'  by  whom  medical 
officers  of  health  could  be  appointed. 

The  Local  Government  Board  were  to  have  the  same  powers  as  they  have 
in  the  case  of  district  medical  officers  of  unions,  with  regard  to  the  appoint- 
ment, duties,  salary,  and  tenure  of  office  of  those  medical  officers  of  health 
whose  salaries  were  partly  paid  out  of  moneys  voted  by  Parliament,  and  in 
November  1872  they  issued  regulations  with  respect  to  the  qualification, 
appointment,  duties,  salary,  and  tenure  of  office  of  such  officers,  which  were 
very  similar  to  those  at  present  in  force,  and  which  now  apply  only  to  medical 
officers  of  health  who  were  appointed  on  or  before  March  25,  1880,  and  have 
not  been  reappointed  since,  and  whose  salaries  were  partly  paid  as  described 
above,  but  now  by  county  councils. 

It  was  enacted  that  the  same  person  might,  with  the  sanction  of  that 
Board,  be  appointed  the  medical  officer  of  health  for  two  or  more  sanitary 
districts,  by  the  joint  or  several  appointment  of  the  sanitary  authorities  of 
the  districts,  and,  with  a  like  sanction,  a  district  medical  officer  of  a  union 
might  be  appointed  a  medical  officer  of  health. 

The  Act  gave  medical  officers  of  health  power  to  exercise  any  of  the 
powers  with  which  inspectors  of  nuisances  were  invested  by  any  of  the  then 
existing  Sanitary  Acts. 

Most  of  those  Acts,  together  with  the  Act  of  1872,  except  so  far  as  some 
of  them  related  to  the  metropolis,  Scotland,  or  Ireland,  were  repealed,  con- 
solidated, and  in  some  respects  amended,  for  the  rest  of  England  and  Wales 
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"by  the  Public  Health  Act,  1875,  under  which  medical  officers  of  health  are 
now  appointed  by  all  port  sanitary  authorities  and  by  urban  and  rural 
sanitary  authorities  outside  the  limits  of  the  metropolis.  They  are  appointed 
in  urban  sanitary  districts  under  section  189,  in  rural  sanitary  districts  under 
section  190,  and  by  port  sanitary  authorities  under  section  287  of  that 
Act. 

Urban  sanitary  authorities  are  authorised  to  appoint  only  one  medical 
officer  of  health  in  their  districts,  though  they  may  appoint  any  assistants 
that  may  be  necessary  for  the  efficient  execution  of  the  Act,  but  rural  sanitary 
authorities  are  allowed  to  appoint  more  than  one  medical  officer  of  health  if 
they  think  fit. 

Under  section  191  of  the  Act  of  1875,  a  medical  officer  of  health  may, 
with  the  sanction  of  the  Local  Government  Board,  be  appointed  for  two  or 
more  districts,  and  any  district  medical  officer  of  a  union  may,  with  a  like 
sanction,  and  subject  to  such  conditions  as  the  Board  may  prescribe,  be 
appointed  a  medical  officer  of  health ;  in  case  of  illness  or  incapacity  of  a 
medical  officer  of  health,  a  local  authority  may  appoint  and  pay  a  deputy 
medical  officer,  subject  to  the  consent  of  the  Board. 

Under  section  286  of  the  same  Act,  the  Local  Government  Board  may,  by 
■order,  unite  two  or  more  districts  for  the  purpose  of  appointing  one  medical 
officer  of  health  for  both  or  all  of  them,  but  no  urban  district  containing  a 
population  of  25,000  and  upwards,  or  (in  the  case  of  a  borough),  having 
a  separate  court  of  quarter  sessions,  can  be  included  in  any  union  of 
districts  so  formed  without  the  consent  of  the  local  authority  of  such  district 
or  borough  ;  and  if  the  local  authority  of  any  district  proposed  to  be  included 
in  the  union  give  notice  to  the  Board  that  they  object  to  the  proposal,  their 
district  cannot  be  included  in  the  union  without  a  provisional  order  of  the 
Board. 

The  Board  may  assign  to  the  district  medical  officer  of  any  union  com- 
prising or  coincident  with  any  constituent  district,  such  duties  in  rendering 
local  assistance  to  the  medical  officer  of  health  appointed  for  the  united 
districts  as  they  may  think  fit ;  such  district  medical  officer  may,  with 
their  sanction,  receive  additional  remuneration  for  the  performance  of  the 
duties  so  assigned  to  him. 

A  parochial  committee  formed  by  a  rural  sanitary  authority  cannot 
appoint  a  medical  officer  of  health,  but  the  Local  Government  Board  have 
expressed  it  as  their  opinion  that  they  may,  in  the  exercise  of  their  duties, 
consider  the  action  taken  by  this  officer  on  complaints  of  any  nuisances, 
inform  him  of  any  nuisances  requiring  his  attention,  and  report  to  the  rural 
sanitary  authority  the  manner  in  which  he  has  discharged  his  duties. 

Now  power  is  given,  by  the  Local  Government  Act,  1888,  to  county 
councils  to  appoint  and  pay  medical  officers  of  health,  and  they  may  make 
arrangements  with  any  urban  and  rural  sanitary  authorities  within  their 
counties  to  employ  such  officers  in  place  of  appointing  others  under  the 
PubHc  Health  Act,  1875. 

The  City  of  London  Sewers  Act,  1848,  made  permanent  by  the  City  of 
London  Sewers  Act,  1851,  gave  the  Commissioners  of  Sewers  power  to  appoint 
medical  officers  of  health  for  the  City  of  London. 

In  the  rest  of  the  metropolis  those  officers  were  appointed  by  the  vestries 
and  district  boards,  acting  under  the  powers  given  them  by  the  Metropolis 
Management  Act,  1855.  The  132nd  section  of  that  Act  required  that  they 
should  be  appointed,  and  that  they  should  be  legally  qualified  medical 
practitioners.  Such  persons  were  to  be  called  '  medical  officers  of  health  ;  ' 
and  it  was  lawful  for  vestries  or  district  boards  to  pay  to  every  such  officer 


736  HYGIENE 

such  salary  as  they  thought  fit,  and  also  to  remove  any  such  officer  at  their- 
pleasure. 

On  and  after  January  1,  1892,  all  appomtments  of  medical  officers  of 
health  in  London  became  regulated  by  sections  106  and  108  of  the  PubHc 
Health  (London)  Act,  1891  ;  whilst  temporary  arrangements  for  the  per- 
formance of  the  duties  of  such  officers  are  provided  for  by  the  109th 
section  of  that  Act. 

It  is  important  to  note  that  all  future  appointments  in  the  metropolis  are 
now  placed  upon  the  same  footing  as  those  in  all  other  parts  of  England, 
that  the  Local  Government  Board  have  the  same  control  over  the  qualifica- 
tions, appointment,  duties,  salary,  and  tenure  of  office,  of  the  officers  appointed 
as  they  have  in  other  parts  of  the  country,  and  that  one-half  of  the  salaries 
must  be  paid  by  the  London  County  Council. 

Every  sanitary  authority  in  London  is  bound  to  appoint  one  or  more 
medical  officers  of  health  for  their  district.  The  same  person  may,  with  the 
sanction  of  the  Local  Government  Board,  be  appointed  medical  officer  of 
health  for  two  or  more  districts.  Every  such  officer  appointed,  or  re-appointed 
after  the  commencement  of  this  Act,  must  (except  during  the  two  months 
next  after  the  time  of  his  appointment,  or  except  in  cases  allowed  by  the 
Local  Government  Board)  reside  in  his  district,  or  within  one  mile  of  the 
boundary  of  it,  and  if,  while  not  so  residing,  he  assumes  to  act  or  receives 
any  remuneration  as  such  officer,  he  will  cease  to  hold  the  office. 

Unless  the  Local  Government  Board  exercise  their  discretionary  power 
in  this  behalf  somewhat  freely,  either  a  hardship  will  be  inflicted  upon  some 
capable  officers,  or  else  those  most  fitted  for  the  post  will  not  always  be 
selected. 

A  medical  officer  of  health  in  London,  as  in  extra-metropolitan  districts,, 
may  exercise  any  of  the  powers  with  which  a  sanitary  inspector  is 
invested. 

Those  appointed  under  this  Act  will  be  removable  by  the  sanitary 
authorities,  with  the  consent  of  the  Local  Government  Board,  or  by  that 
Board,  and  not  otherwise ;  but  the  Board  must  take  into  consideration  every 
representation  made  by  a  sanitary  authority  for  the  removal  of  any  medical 
officer,  whether  based  on  the  general  interests  of  the  district,  on  the  conduct 
of  such  officer,  or  on  any  other  ground. 

Moreover,  a,ny  such  officer  is  not  to  be  appointed  for  a  limited  period 
only.  Surely  this  long-denied  measure  of  justice  should  be  extended  to  his 
less  fortunate  confreres  in  other  parts  of  England  at  the  earliest  possible  op- 
portunity, the  present  precarious  tenure  of  office  being  most  inimical  and 
harassing  to  every  conscientious  holder  of  the  office. 

A  medical  officer  of  health  appointed  under  this  Act  must  be  legally 
qualified  for  the  practice  of  medicine,  surgery,  and  midwifery,  and  in  all 
London  districts  he  must  be  possessed  of  one  or  more  of  the  same  qualifica- 
tions as  are  named  in  section  18  (2)  of  the  Local  Government  Act,  1888, 
which  is  presently  set  forth  in  full.  In  the  case  of  the  holder  of  any 
office  already  in  existence  at  the  commencement  of  the  Act  these  provisions 
are  qualified  by  the  139th  section  as  follows  : — '  Where  a  portion  of  the  salary 
of  such  officer  is  paid  by  the  London  County  Council,  the  Local  Government 
Board  has  the  same  powers  as  they  have  in  the  case  of  a  district  medical 
officer  of  a  poor  law  union  with  regard  to  his  qualification,  appointment,, 
duties,  salary  and  tenure  of  office.' 

In  any  other  case  the  Board  may  prescribe  his  qualifications  and  duties. 
Subject  to  these  powers  of  the  Board,  the  sanitary  authority  may  make 
such  payments  as  they  think  fit  on  account  of  his  remuneration  and  expenses,. 
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and  he  will  be  removable  by  the  authority  at  their  pleasure.  The  require- 
ments of  the  Act  with  respect  to  their  qualification  does  not  apply  to  medical 
officers  appointed  before  January  1, 1892  ;  and  the  Act  will  not  prevent  any 
person  who  at  its  commencement  is  both  a  district  medical  officer  of  a 
union  and  a  medical  officer  of  health  from  continuing  to  hold  both  those 
appointments  in  like  manner  as  if  it  had  not  been  passed. 

The  medical  officer  of  health  of  the  Port  of  London  has  been  appointed 
under  the  Public  Health  Act,  1875  ;  but  future  appointments  will  probably 
be  regulated  by  the  Public  Health  (London)  Act,  1891. 

A  person  could  not  be  appointed  medical  officer  of  health  under  the 
Public  Health  Act,  1875,  unless  he  was  a  legally  qualified  medical  practitioner, 
and  now  section  18  of  the  Local  Government  Act,  1888,  enacts  that— 
'  Except  where  the  Local  Government  Board,  for  reasons  brought  to  their 
notice,  may  see  fit  in  particular  cases  specially  to  allow,  no  person  shall  here- 
after be  appointed  the  medical  officer  of  health  of  any  county  or  county 
district,  or  combination  of  county  districts,  or  the  deputy  of  any  such  officer, 
unless  he  be  legally  qualified  for  the  practice  of  medicine,  surgery,  and  mid- 
wifery. 

'  (2)  No  person  shall  after  January  1,  1892,  be  appointed  the  medical 
officer  of  health  of  any  county  or  of  any  such  district  or  combination  of 
districts  as  contained,  according  to  the  last  published  census  for  the  time 
being,  a  population  of  50,000  or  more  inhabitants,  unless  he  is  qualified  as 
above  mentioned,  and  also  either  is  registered  in  the  Medical  Eegister  as  the 
holder  of  a  diploma  in  sanitary  science,  public  health,  or  State  medicine 
under  section  21  of  the  Medical  Act,  1886,  or  has  been  during  three  consecu- 
tive years  preceding  the  year  1892  a  medical  officer  of  a  district  or  combina- 
tion of  districts,  with  a  population  according  to  the  last  published  census 
of  not  less  than  20,000,  or  has  before  the  passing  of  this  Act  been  for  not  less 
than  three  years  a  medical  officer  or  inspector  of  the  Local  Government 
Board.' 

The  following  resolutions  in  regard  to  diplomas  in  State  medicine  were 
passed  by  the  General  Medical  Council  on  June  1,  1889,  November  30, 1889, 
and  November  25,  1890  : — 

(a)  This  Council,  having  regard  to  the  terms  of  section  18  of  the  Local  Government 
Act,  1888,  and  observing  that  under  that  section  special  privilege  is  to  be  accorded  to  the 
holders  of  the  diplomas  granted  under  section  21  of  the  Medical  Act,  1886,  and  therein 
described  as  diplomas  in  sanitary  science,  public  health,  or  State  medicine,  thinks  it 
essential  to  declare,  with  regard  to  its  own  future  action  under  section  21  of  the  Medical  Act, 
1886,  that  it  will  not  consider  diplomas  to  '  deserve  recognition  in  the  Medical  Eegister  ' 
unless  they  have  been  granted  under  such  conditions  of  education  and  examination  as  to 
ensure  (in  the  judgment  of  the  Council)  the  possession  of  a  distinctively  high  proficiency, 
scientific  and  practical,  in  all  the  branches  of  study  which  concern  the  public  health ; 
and  that  the  Council,  in  forming  its  judgment  on  the  conditions  of  education  and  exami- 
nation, will  expect  the  following  rules  to  have  been  observed  : — 

(6)  A  period  of  not  less  than  twelve  months  shall  elapse  between  the  attainment  of  a 
first  registrable  qualification  in  medicine,  surgery,  and  midwifery,  and  the  examination 
for  a  diploma  in  sanitary  science,  public  health,  or  State  medicine. 

(c)  Every  candidate  shall  have  produced  evidence  of  having  attended,  after  obtaining 
a  registrable  qualification,  during  a  period  of  six  months,  practical  instruction  in  a  labora- 
tory approved  of  by  the  body  granting  the  qualification. 

{d)  Every  candidate  shall  have  produced  evidence  that,  during  a  period  of  six  months 
after  obtaining  a  registrable  qualification,  he  either  has  practically  studied  the  duties  of 
outdoor  sanitary  work  under  the  medical  ofiicer  of  health  of  a  county  or  large  urban 
district,  or  else  has  himself  held  appointment  as  medical  officer  of  health  under  condi- 
tions not  requiring  the  possession  of  a  special  sanitary  diploma. 

(e)  The  examination  shall  have  been  conducted  by  examiners  specially  qualified,  and 
shall  comprise  laboratory  work,  as  well  as  written  and  oral  examination. 

VOL.  II.  3  B 
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(/)  The  rules  as  to  study  shall  not  apply  to— 

(a)  Medical  practitioners  registered,  or  entitled  to  be  registered,  on  or  before 
January  1,  1890. 

(/3)  Registered  medical  practitioners  who  have  for  a  period  of  three  years  held  the 
position  of  medical  officer  of  health  to  any  county,  or  to  any  urban  district  of  more 
than  20,000  inhabitants,  or  to  any  entire  rural  sanitary  district. 

The  new  office  of  Medical  Officer  of  Health  of  an  Administrative  County 
has  heen  created  by  section  17  of  the  Local  Government  Act,  1888,  in  the 
following  terms  :  '  (1)  The  council  of  any  county  may,  if  they  see  fit,  appoint 
and  pay  a  medical  officer  of  health,  or  medical  officers  of  health,  who  shall 
not  hold  any  other  appointment  or  engage  in  private  practice  without  express 
written  consent  of  the  council.  (2)  The  county  council  and  any  district  council 
may  from  time  to  time  make  and  carry  into  effect  arrangements  for  rendering 
the  services  of  such  officer  or  officers  regularly  available  in  the  district  of  the 
district  council,  on  such  terms  as  to  the  contribution  by  the  district  council 
to  the  salary  of  the  medical  officer,  or  otherwise,  as  may  be  agreed,  and  the 
medical  officer  shall  have  within  such  district  all  the  powers  and  duties  of  a 
medical  officer  appointed  by  a  district  council.  (3)  So  long  as  such  an 
arrangement  is  in  force,  the  obligation  of  the  district  council  under  the  Public 
Health  Act,  1875,  to  appoint  a  medical  officer  of  health  shall  be  deemed  to  be 
satisfied  without  the  appointment  of  a  separate  medical  officer.,' 

This  appears  to  be  a  disadvantageous  arrangement  and  one  likely  to  defeat 
the  object  a  county  council  should  have  in  view  in  appointing  a  medical 
officer.  One  of  the  principal  reasons  for  the  existence  of  such  an  officer  is 
that  the  council  may  have  the  advantage  of  his  advice  on  any  public  health 
questions  involved  in  their  consideration  of  the  manner  in  which  the  PubHc 
Health  Acts  and  other  matters  affecting  the  public  health  are  administered 
in  the  various  sanitary  districts  within  their  administrative  county  ;  whereas 
if  their  officer  were  in  the  employ  of  any  of  the  local  authorities  of  those 
same  districts  it  is  scarcely  probable  that  he  would  act  as  an  impartial  censor 
of  their,  or  of  his  own,  doings  or  shortcomings  ;  he  would,  at  any  rate,  be  open 
to  the  suspicion  of  regarding  them  in  a  too  favourable  light,  and  of  review- 
ing his  own  reports  with  undue  leniency. 

The  Act  does  not  refer  to  the  tenure  of  office  of  these  officers,  but  it  is  to  be 
hoped  that  it  will  be  placed  upon  a  surer  footing  than  that  of  medical  officers 
appointed  under  the  Act  of  1875. 

The  position  and  duties  of  these  new  officers,  of  whom  a  few  have  already 
been  appointed,  are  not  defined  by  the  Act,  neither  are  the  county  councils  nor 
the  Local  Government  Board  empowered  by  it  to  make  bye-laws  or  regula- 
tions respecting  them ;  in  fact,  beyond  mentioning  that  such  officers  may  be 
appointed,  it  is  silent  upon  those  matters,  except  when  the  local  authority 
of  any  district  within  the  county  make  arrangements  with  the  council  for 
rendering  his  services  regularly  available  in  their  district,  when  he  will  have, 
within  the  district  of  the  local  authority,  all  the  powers  and  duties  of  a  medical 
officer  of  health  appointed  in  the  usual  way.  The  qualifications  he  is  re- 
quired to  possess  are  set  forth  in  the  eighteenth  section  of  the  Act,  which  has 
already  been  given  at  length  in  this  article. 

When  not  himself  filhng  those  local  appointments  he  will  have  to  exercise 
a  wise  discretion  in  his  relations  with  those  officers  who  hold  them ;  he  must 
not  attempt  to  supplant  them  in  the  fulfilment  of  their  statutory  powers 
within  their  districts. 

His  duties  are,  to  some  extent,  shadowed  forth  in  a  concise  report  made 
4o  the  Staffordshire  County  Council,  the  first  of  the  kind  which  appeared,  by 
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Dr.  George  Keid,  their  medical  officer  of  health,  appointed  Tinder  the  Act  of 
1888.  He  understands  that,  with  the  view  of  assisting  the  council  in  form- 
ing an  opinion  regarding  the  matters  contained  in  the  annual  and  special 
reports  which  have  to  be  sent  to  them  by  the  medical  officers  of  health  of 
the  various  local  authorities  within  their  county,  they  have  appointed  him 
their  medical  officer  of  health,  and  that  it  is  his  duty  to  analyse  and  report 
upon  those  documents  to  the  council,  making  such  suggestions  as  he  thinks 
desirable ;  but  that,  unless  specially  authorised  to  do  so,  he  has  no  power  to 
inspect  personally  any  district,  or  to  take  any  direct  action  in  sanitary 
matters.  He  then  comments  upon  the  salient  points  in  the  reports  which 
he  had  received,  and  makes  suggestions  for  the  guidance  of  the  council  in 
the  action  he  considers  called  for  on  matters  arising  out  of  those  reports, 
and  he  draws  the  attention  of  the  council  to  various  questions  relating  to 
public  health. 

County  councils  will  find  the  need  of  being  able  to  avail  themselves  of 
the  advice  of  highly  trained  medical  officers  possessing  special  experience  in 
public  health  work,  if  only  to  guide  them  in  their  action  under  sub-section  2 
of  the  19th  section  of  the  Act  of  1888,  which  enacts  that :  '  If  it  appears 
to  the  county  council  from  any  such  report  that  the  Public  Health  Act, 
1875,  has  not  been  properly  put  in  force  within  the  district  to  which  the  re- 
port relates,  or  that  any  other  matter  affecting  the  public  health  of  the 
district  requires  to  be  remedied,  the  council  may  cause  a  representation  to 
be  made  to  the  Local  Government  Board  on  the  matter.' 

It  would  appear  impossible  for  the  medical  officer  to  properly  advise  the 
councU  on  such  matters  without  himself  visiting  and  examining  the  localities 
.  concerned,  and  inquiring  into  all  the  circumstances  ;  but  the  Act  gives  him 
no  statutory  right  to  visit  the  district  of  a  local  authority,  for  whom  he  does 
not  act  as  medical  officer,  against  their  will,  neither  does  it  give  him  any 
power  of  entry  to  premises  or  structures  such  as  belongs  to  a  medical  officer 
.  of  health  appointed  under  the  Act  of  1875 ;  but  he  has  right  of  admission 
to  any  premises  for  the  purposes  of  section  45  of  the  Housing  of  the  Work- 
ing Classes  Act,  1890,  respecting  any  dwelling-house  in  a  state  so  dangerous 
.  or  injurious  to  health  as  to  be  unfit  for  human  habitation,  or  respecting  any 
*  obstructive  building  '  in  the  sanitary  districts  comprised  within  the  metro- 
pohs  exclusive  of  the  City  of  London,  in  the  local  board  district  of  Woolwich, 
and  in  aU  rural  sanitary  districts. 

Inasmuch  as  he  will  be  brought  into  contact  with,  and  to  a  certain  extent 
will  have  to  criticise  the  work  of  the  local  officers,  it  seems  highly  desirable 
that  the  medical  officer  of  health  of  a  county  council  should,  whenever  prac- 
ticable, be  chosen  from  amongst  those  officers  who  have  had  large  and  varied 
experience  of  local  appointments. 

He  may  be  called  upon  to  advise  the  council  on  any  questions  concerning 
health  involved  in  the  construction  or  management  of  any  buildings  belong- 
ing to  them,  in  the  framing  or  enforcing  of  any  bye-laws  they  may  make 
under  the  16th  section  of  the  Local  Government  Act  of  1888,  in  opposing, 
tmder  the  15th  section,  any  bills  in  Parliament,  such,  for  instance,  as  may 
be  promoted  by  local  authorities  for  works  of  sewerage,  sewage  disposal, 
water-supply,  &c.,  or  upon  any  action  the  council  may  deem  it  necessary  to 
take  under  the  14th  section  for  enforcing  any  of  the  provisions  of  the  Eivers 
Pollution  Prevention  Act,  1876,  or  under  the  Sale  of  Food  and  Drugs  and 
Margarine  Acts. 

Beyond  the  foregoing  his  duties  appear  to  be  vague,  and  will  probably 

vary  in  accordance  with  the  particular  ideas  concerning  them  held  by  different 

county  councils. 

3b2 
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The  Public  Health  Committee  of  the  Lancashire  Comity  Comicil  have- 
reported  to  that  authority  what  they  deem  may  be  considered  to  constitute 
the  duties  of  the  medical  officer  of  a  county  council  in  the  following  terma> 
which  appear  to  give  a  succinct  epitome  of  what  may  possibly  be  expected  of 
these  officers  : — 

(a)  To  receive  on  behali  of  the  council  the  copies  of  the  periodical  reports  from  the' 
local  medical  officers  of  health,  and  to  tabulate  and  report  upon  the  same  for  the  informa- 
tion and  guidance  of  the  council. 

(b)  To  inform  the  council  ^Yhether  the  various  Acts  affecting  the  public  health  are  or 
are  not  being  properly  put  into  force  within  any  district ;  -whether  any  other  matters 
affecting  the  public  health  of  a  district,  such  as  water-supply,  drainage,  scavenging,  in- 
sanitary 'dwellings,  &c.,  require  being  remedied,  so  as  to  enable  the  council  to  decide 
whether  a  representation  should  be  made  to  the  Local  Government  Board  on  the  matter 
under  section  19  of  the  Local  Government  Act,  1888. 

(c)  To  assist  and  advise  the  local  authorities  and  their  medical  officers  and  sanitary 
inspectors  as  to  epidemics,  &c.,  and  generally  to  advise  them  in  the  performance  of  their 
duties  when  required  by  them,  free  of  charge. 

(d)  To  assist  and  supervise  the  inspectors  under  the  Sale  of  Food  and  Drugs  Act. 

(e)  To  inquire  and  report  as  to  the  desirability  of  making  bye-laws  for  the  prevention 
and  suppression  of  nuisances  not  already  punishable  in  a  summary  manner. 

(/)  To  perform  the  duties  and  be  subject  to  the  liabilities  which,  by  the  Artisans 
and  Labourers'  Dwellings  Improvement  Act,  1875,'  a  medical  officer  is  required  to  perform 
and  be  subject  to. 

(g)  To  assist  the  council  in  dealing  with  the  pollution  of  rivers. 

{h)  To  advise  the  council  on  any  bills  introduced  into  Parliament  with  reference  to- — 

(1)  The  public  health  ; 

(2)  The  extension  of  towns  ; 

(3)  The  water-supply  of  towns  ; 

(4)  The  housing  of  the  working  classes. 

(i)  To  advise  as  to  the  sanitary  condition  of  all  buildings  belonging  to  the  council. 

(j)  To  devote  his  whole  time  to  the  duties  of  his  office,  and  to  hold  himself  at  all 
times  ready  to  advise  the  council  and  its  committees. 

(k)  To  be  a  county  centre  for  all  vital  and  hygienic  statistics  and  other  information 
bearing  upon  public  health,  including  meteorological  data  from  aU  available  sources.  The 
committee  also  point  out  that  many  other  important  duties  devolve  on  the  councU,  in 
relation  to  which  the  advice  and  assistance  of  an  experienced  medical  officer  of  health 
will  be  invaluable,  such  as  the  making  of  bye-laws,  the  execution  of  the  Acts  relating  to 
contagious  diseases  of  animals,  and  many  other  matters,  all  of  which  are  likely  to  be 
materially  increased  at  an  early  date  by  the  transfer  to  county  councils  of  additional 
powers. 

'  Having  regard  to  the  absolute  necessity  of  these  duties  being  at  once 
properly  carried  out,  and  to  the  practical  impossibility  of  the  Committee 
undertaking  them  itself,'  they  recommended  that  a  medical  officer  of  health 
should  be  appointed  for  the  administrative  county  of  Lancaster. 

Already  the  sanitary  committee  of  the  council  of  the  West  Eiding  of  York- 
shire have  directed  that  their  medical  officer  shall,  when  desired  by  the  local 
authorities,  advise  or  assist  them  or  their  officers  in  the  performance  of  their 
duties  under  the  public  health  laws. 

The  county  council  medical  officer  may,  by  being  enabled  to  take  a  broader 
survey  of  the  circumstances  of  epidemic  disease  than  is  possible  for  local 
officers,  be  instrumental  in  elucidating  the  origin  and  spread  of  epidemics  in 
his  county. 

In  London  the  county  council  now  have  all  the  powers  and  duties 
formerly  attaching  to  the  Metropolitan  Board  of  Works,  so  their  medical 
officer  will  be  concerned  in  the  framing  and  enforcing  of  any  bye-laws,  so 
far  as  questions  of  health  may  arise,  with  respect  to  drainage,  the  emptying,. 

*  Now  the  Housing  of  the  Working  Classes  Act,  1890. 
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cleansing,  closing,  and  filling  up  of  cesspools,  the  removal  and  disposal  of 
refuse,  and  new  buildings,  -wliich  they  may  make  under  the  statutory  powers 
for  that  purpose  which  they  possess  ;  and  he  may  be  concerned  with  bye-laws 
for  regulating  seamen's  lodgings,  if  the  council  make  any  under  the  power 
.given  them  by  the  Merchant  Shipping  (Fishing  Boats)  Act,  1883. 

In  the  metropohs,  exclusive  of  the  City  of  London,  he  will  be  charged 
with  the  duties  attaching  to  medical  officers  of  health  under  Parts  I.  and  II. 
of  the  Housing  of  the  Working  Classes  Act,  1890 ;  and  if  bye-laws  for  the 
regulation  of  lodging-houses,  under  Part  III.  of  the  Act,  are  made  by  the 
county  council,  he  might  be  called  upon  to  advise  in  framing  and  administer- 
ing them ;  and  when  authorised  by  that  authority  he  might  have  to  inspect 
any  lodging-houses  established  by  them. 

His  attention  will  be  required  in  respect  of  matters  arising  under  the 
Dairies,  Cow-sheds,  and  Milk-shops  Order  of  1885,  and  regulations  made 
thereunder ;  or  out  of  any  Orders  of  the  Local  Government  Board,  or  bye- 
laws  of  the  county  council,  for  the  regulation  of  dairies  which  may  be  made 
under  section  28  of  the  Public  Health  (London)  Act,  1891. 

He  will  have  to  advise  on  questions  in  connection  with  the  licensing  of 
slaughter-houses,  knackers'  yards,  cow-sheds,  and  places  for  the  keeping  of 
cows,  the  establishment  anew,  and  regulation  of  offensive  trades,  and  on  any 
nuisances  which  may  be  created  by  sanitary  authorities  in  dealing  with  house 
and  street  refuse. 

He  will  be  concerned  with  the  weekly  returns  of  infectious  diseases  made 
to  the  council,  under  the  Public  Health  (London)  Act,  1891,  by  the  Metropo- 
litan Asylums  Board. 

The  Local  Government  Board  have  by  General  Orders,  dated  March  1891, 
prescribed  regulations  for  the  appoiatment,  tenm-e  of  office,  salary,  and  duties 
of  medical  officers  of  health  of  urban  and  rural  sanitary  districts  appointed 
or  reappointed  after  March  25,  1891,  any  portion  of  whose  salary  is  paid  by 
county  councils  ;  and  also  regulations  for  the  duties  of  other  medical  officers 
of  health  appointed  or  reappointed  under  the  Act  of  1875,  after  the  above- 
:named  date. 

The  duties  are  dealt  with  in  the  following  pages,  but  the  other  matters 
•will  not  be  discussed. 

Beyond  the  legal  qualifications  there  are  others  of  a  personal  nature 
which  are  essential  in  the  successful  medical  officer  of  health. 

Since  he  is  not  so  much  an  executive  officer  as  he  is  the  adviser  of  the 
local  authority  appointing  him,  on  all  matters  pertaining  to  his  office,  he 
must  be  prepared  from  time  to  time  to  accept  with  equanimity  the  rejection 
of  any  advice  he  may  have  tendered  to  them,  however  sound  it  may  have 
been.  He  must  not  be  too  sensitive  in  the  event  of  his  advice  or  actions 
being  misunderstood  or  even  misconstrued,  if  he  is  conscious  of  having  been 
actuated  by  proper  motives. 

He  must  not  advise  lightly,  hastily,  or  inconsiderately  on  any  matter,  but 
only  after  due  deliberation,  and  must  put  himself  in  a  position  to  be  able  to 
stand  by  and,  if  necessary,  to  defend  his  advice,  since  it  may  be  the  initiative 
of  legal  proceedings.  Hasty  or  ill-considered  advice,  thoughtlessly  given, 
would  disparage  him  and  diminish  his  influence  with  the  public,  as  well  as 
with  the  local  authority. 

Having  advised  conscientiously  and  to  the  best  of  his  abihties,  he  has 
discharged  his  duty,  and  if  his  advice  is  not  followed  he  must  bear  in  mind 
that  the  decision  of  the  authority  may  have  been  subject  to  considerations 
and  influences  which  had  no  weight  with  him.  If,  on  the  other  hand,  he 
:finds  that  his  advice  is  systematically  and  persistently  ignored  by  the  authority, 
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and  that  the  public  health  in  his  district  is  likely  to  be  prejudicially  affected' 
in  consequence,  he  must  repeat  it,  again  and  again  if  need  be,  firmly  but  dis- 
passionately. His  advice  on  all  matters  of  importance  should  be  tendered 
to  the  local  authority  in  writing,  with  a  view  to  future  reference. 

He  should,  under  many  circumstances,  endeavour  to  induce  the  authority 
themselves  to  propose  any  works  which  may  be  needful  for  the  benefit  of  his 
district,  rather  than  urge  the  proposals  too  much  as  emanating  from  himself. 
He  will  often  find  some  member  of  the  authority  willing  to  take  a  matter  up 
as  a  scheme  of  his  own,  and  what  maybe  legitimate  pertinacity  in  a  member 
of  the  authority  might  be  considered  unbecoming  obstinacy  in  the  medical 
officer  of  health.  By  paying  attention  to  this  point  he  will  not  infrequently 
gain  his  end  more  surely  than  if  he  had  paraded  the  proposal  as  his  own. 
It  is  not  conducive  to  success  for  him  to  be  continually  thrusting  himself 
prominently  forward  in  his  official  capacity.  His  power  for  good  will  not  be 
lessened  if  he  sometimes  judiciously  obscures  his  individuahty. 

He  should  regard  all  questions  he  has  to  deal  with  from  the  view-point 
of  the  local  authority,  the  owners  and  occupiers  of  premises,  and  the  public,, 
as  well  as  from  that  of  the  medical  officer  of  health  intent  upon  the  health- 
improvement  of  his  district. 

He  must  be  possessed  of  good  judgment,  discretion,  and  tact,  for  he  will- 
have  various  and  varied  persons  and  matters  to  grapple  with ;  from  this  it 
follows  that  the  larger,  wider,  and  more  varied  his  experience  in  his  special 
branch  of  the  profession  may  be,  the  better  able  wiU  he  be  to  perform  with 
efficiency  the  duties  pertaining  to  it. 

WhUe  careful  to  avoid  encroaching  in  any  way  upon  the  province  of  the- 
clerk,  the  surveyor,  or  the  engineer  of  the  authority,  he  should,  nevertheless, 
have  an  intimate  acquaintance  with  all  the  statutes  and  bye-laws  relating  in 
any  degree  to  his  office,  and  should  be  conversant  with  the  principles  of 
modern  sewerage,  drainage,  disposal  of  sewage,  water-supply,  warming  and 
ventilation  of  buildings,  and  house  construction ;  and  while  not  taking  upon 
himself  the  duties  of  the  inspector  of  nuisances,  he  should  be  intimately  and 
practically  acquainted  with  them. 

He  should  have  a  knowledge  of  any  trades,  articles  of  trade,  or  manu- 
facturing processes  that  are  liable  to  be  controlled  by  the  local  authority. 

He  must  be  well  acquainted  with  the  etiology,  so  far  as  it  maybe  known, 
and  the  characteristics  of  those  diseases,  at  any  rate,  which  are  capable  of 
influencing  the  public  health,  the  most  numerous  of  which  will  be  found 
amongst  the  zymotic  diseases,  and  must  know  the  principles  of  hospital  con- 
struction, especially  in  relation  to  hospitals  for  the  isolation  of  infectious, 
diseases. 

He  should  possess  a  general  knowledge  of  bacteriology,  but  he  will  pro- 
bably find  that  his  multifarious  duties  will  not  allow  him  sufficient  leisure- 
to  become  proficient  in  the  practice  of  it,  and  that  he  had  better  leave  that 
to  those  who  have  the  time  and  opportunity  to  become  expert  in  it ;  such 
specialism  and  division  of  labour  is  a  necessary  outcome  of  the  vast  multi- 
plication of  the  scientific  knowledge  of  the  age. 

He  must  be  trained  in  the  methods  of  observation  requisite  for  tracing- 
the  origin  and  course  of  epidemic  and  other  diseases. 

He  must  be  capable  of  expressing  himself  in  his  reports  with  terseness 
and  perspicuity. 

He  must  know  how  to  compile  statistics,  how  to  deduce  sound  conclu- 
sions therefrom,  and  how  to  avoid  fallacies  in  deahng  with  them. 

He  should,  at  any  rate,  know  how  to  properly  interpret  the  results  of 
analyses  of  water,  air,  and  articles  of  human  consumption,  and  should  under- 
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stand  meteorology,  climatology,  and  cognate  subjects.  He  should  be  ac- 
quainted with  the  general  facts  relating  to  the  geology  of  his  district. 

He  should  possess  an  even  temper,  as  he  will  find  it  will  frequently  be  tried. 
If  of  an  irritable  or  excitable  temperament,  he  must  train  himself  to  control 
it ;  it  is  of  the  utmost  importance  that  not  one  of  his  official  actions  or  ex- 
pressions should  savour  in  the  remotest  degree  of  resentment  or  vindic- 
tiveness. 

He  must  be  patient  and  persevering,  since  his  efforts  should  be  directed 
to  the  accomplishment  of  his  objects  by  persuasion  rather  than  by  compul- 
sion. He  must  endeavour  to  educate  rather  than  to  force  public  opinion, 
seeing  that  little  good  is  to  be  done  by  attempting  to  go  much  in  advance  of 
that  in  regard  of  matters  pertaining  to  the  pubUc  health. 

He  must  not  be  impulsive,  but  must  be  methodical,  exact,  and  punctual 
in  all  his  dealings,  and  must  conduct  the  business  of  his  department  in  a 
manner  that  will  not  cause  friction  with  any  other  department  connected 
with  the  local  government  of  his  district.  He  must  show  courtesy  and  respect 
to  every  member  of  the  local  authority. 

Whatever  his  political  bent  may  be,  he  must  strictly  avoid  making  any 
pubhc  parade  of  it ;  it  is  absolutely  essential  that  he  should  banish  any 
suspicion  of  political  bias  from  all  his  official  proceedings  ;  even  if  the  autho- 
rity is  so  unwise  as  to  allow  the  local  government  of  their  district  to  be  swayed 
by  political  considerations,  as  too  frequently  happens,  he  must  not  permit 
himself  to  be  influenced  by  their  baneful  example,  since  he  is  the  officer  of 
the  whole  pubhc  and  not  alone  of  any  one  section  of  it. 

He  must  not  allow  himseK  to  be  drawn  into  any  local  newspaper  con- 
troversy in  regard  of  any  of  his  official  actions.  Such  a  proceeding  marks  a 
very  raw  and  inexperienced  office-bearer.  If  he  has  acted  wrongly  he  will 
not  thus  clear  himself,  but  if  rightly,  his  sense  of  the  dignity  of  his  office 
should  preclude  him  from  taking  such  a  course,  as  tending  to  bring  it  into 
contempt,  and  himself  into  ridicule. 

He  must  not  go  beyond  his  special  provmce  ;  he  will  seldom  gain  any 
credit,  but  often  very  much  the  reverse,  if  he  sets  himself  to  do  anything 
beyond  that  which  comes  strictly  within  his  statutory  duties.  If,  however, 
he  observes  anything  amiss  which  does  not  come  within  their  scope,  he 
will  do  well  to  give  an  intimation  of  his  observation  in  the  appropriate 
quarter. 

Above  all,  he  must  practise  the  strictest  honesty,  integrity,  straightforward- 
ness, and  impartiality  in  all  his  actions,  and  must  rigorously  resist  the 
slightest  attempt  on  the  part  of  anyone  to  do  anything  towards  him  which 
could  by  any  possibihty  be  construed  as  an  effort  to  influence  his  conduct  as 
a  public  officer.  He  must  regard  himself  as  the  custodian  of  the  fair  fame  of 
pubhc  offices  in  general,  and  of  his  own  in  particular. 

It  is  desirable  that  he  should  occupy  such  a  social  position  as  will  fully 
command  the  confidence  and  respect  of  all  classes  throughout  his  district. 

He  must  cultivate  cordial  relations  with  the  whole  of  the  medical  profes- 
sion in  his  district,  as  without  their  confidence,  respect,  and  co-operation,  his 
work  will  become  much  more  arduous  and  be  far  less  successful,  his  power 
for  good  will  be  greatly  crippled.  His  behaviour  towards  them  should  be 
regulated  by  what  his  conscience  tells  him  would  be  the  treatment  he  should 
expect  from  a  medical  officer  of  health  if  he  were  himself  in  practice.  He 
must  be  careful  not  to  wound  their  legitimate  susceptibihties  and  sensitive- 
ness :  especially  must  he  be  on  his  guard  in  these  respects  if  he  is  also  a 
private  medical  practitioner.  The  passing  of  the  Infectious  Disease  (Notifi- 
cation) Act,  1889,  accentuates  if  possible  the  importance  of  mutual  confidence 
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and  esteem  being  upheld  between  the  profession  and  the  medical  officer  of 
health.  Unfortunately  this  obligation  is  not  always  comprehended,  and, 
in  consequence,  there  have  been  instances  in  which  the  medical  officer  of 
health  has  erred  grievously  in  that  behalf,  at  some  times  through  ignorance 
of  his  powers  and  duties,  but  at  others  through  personal  unfitness  for  the 
office. 

He  must  not  regard  himself  as  in  any  way  the  censor  of  his  medical 
brethren,  but  must  endeavour  to  win  their  trust  and  confidence,  so  that  they 
may  freely  seek  his  advice  and  assistance  in  regard  of  any  matters  within  his 
province  occurring  in  their  practice. 

If  in  the  discharge  of  his  duties  he  is  brought  into  contact  with  any 
irregular  practitioner,  his  dealings  with  him  must  not  be  regulated  by 
ordinary  professional  rules,  but  must  be  guided  by  regard  for  the  pubHc  weal, 
which  must  be  the  paramount  consideration. 

If  he  be  appointed  by  a  county  council  he  must  endeavour  to  keep  in 
harmony  with  the  medical  officers  of  the  various  sanitary  districts  comprised 
within  his  district,  and  must  not  imagine  that  by  virtue  of  his  office  he  is 
placed  over  them. 

Although  the  Public  Health  Acts  do  not  place  the  inspector  of  nuisances 
under  his  control,  yet  ia  the  General  Orders  of  the  Local  Government  Board 
of  1891,  prescribing  regulations  as  to  inspectors  of  nuisances  and  sanitary 
inspectors,  some  of  their  duties  are  given  in  the  following  terms  : — '  Art.  19. 
(1)  He  shall  perform,  either  under  the  special  directions  of  the  sanitary 
authority,  or  (so  far  as  authorised  by  the  sanitary  authority)  under  the 
directions  of  the  medical  officer  of  health,  or  in  cases  where  no  such  direc- 
tions are  required,  without  such  directions,  all  the  duties  specially  imposed 
upon  an  inspector  of  nuisances  by  the  Public  Health  Act,  1875,  or  by  any 
other  statute  or  statutes,  or  by  the  Orders  of  the  Local  Government  Board,  so 
far  as  the  same  apply  to  his  office.' 

Clause  (7)  requires  him  to  inspect  shops  and  places  used  for  the  sale  of 
butchers'  meat  and  other  articles  of  food,  and  to  seize  and  to  have  dealt  with 
by  a  justice  any  article  which  appears  to  him  to  be  unfit  for  the  food  of  man  : 
'  Provided  that  in  any  case  of  doubt  arising  under  this  clause  he  shall  report 
the  matter  to  the  medical  officer  of  health,  with  the  view  of  obtaining  his 
advice  thereon.'  '  (9)  He  shall  give  immediate  notice  to  the  medical  officer 
of  health  of  the  occurrence  within  the  district  of  any  contagious,  infectious, 
or  epidemic  disease  ;  and  whenever  it  appears  to  him  that  the  intervention 
of  such  officer  is  necessary,  in  consequence  of  the  existence  of  any  nuisance 
injurious  to  health,  or  of  any  overcrowding  in  a  house,  he  shall  forthwith 
inform  the  medical  officer  of  health  thereof.'  '  (10)  He  shall,  subject  to  the 
directions  of  the  sanitary  authority,  attend  to  the  instructions  of  the  medical 
officer  of  health  with  respect  to  any  measures  which  can  be  lawfully  taken 
by  an  inspector  of  nuisances  under  the  Public  Health  Act,  1875,  or  under 
any  other  statute  or  statutes  for  preventing  the  spread  of  any  contagious, 
infectious,  or  epidemic  disease  of  a  dangerous  character.'  '  (12)  He  shall  at 
all  reasonable  times,  when  applied  to  by  the  medical  officer  of  health,  produce 
to  him  his  books,  or  any  of  them,  and  render  to  him  such  information  as  he 
may  be  able  to  furnish  with  respect  to  any  matter  to  which  the  duties  of 
inspector  of  nuisances  relate.' 

And  in  the  Orders  of  the  Local  Government  Board  relating  to  medical 
officers  of  health,  one  of  their  prescribed  duties  is  :  '  Subject  to  the  instruc- 
tions of  the  sanitary  authority,  he  shall  direct  or  superintend  the  work  of  the 
inspector  of  nuisances  in  the  way  and  to  the  extent  that  the  sanitary 
authority  shall  approve.  .  .  .' 
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In  that  limited  degree  the  inspector  of  nuisances,  whether  in  urhan 
or  rural  districts,  may  he  called  upon  to  act  under  the  medical  officer  of 
health. 

In  the  metropolis  the  relations  hetween  these  officers  varied  and  were 
dependent  to  a  great  extent  upon  the  arrangements  made  by  the  various  local 
authorities,  but  they  are  now  made  similar  to  those  existing  in  other  parts  of 
the  country  by  the  Sanitary  Officers  (London)  Order,  1891. 

If  the  inspector  finds  that  the  medical  officer  of  health  is  competent,  and 
if  he  receives  reasonably  fair  and  considerate  treatment  at  his  hands,  he  will 
look  to  him  for  direction  and  guidance.  This  is  what  generally  happens  in 
practice,  and  they  work  loyally  together  for  the  furtherance  of  the  public 
weal.  If  these  relations  do  not  subsist  between  those  officers,  it  will  be  found, 
as  a  rule,  that  one  or  the  other  of  them  is  at  fault.  Unless  they  do  exist  it 
is  impossible  for  the  work  of  either  to  be  properly  done.  The  inspector 
should  be  as  the  right  hand  of  the  medical  officer  of  health,  for  the  state  of 
the  district  must  largely  depend  upon  the  thoroughness  with  which  he  does 
his  work,  since  it  is  impossible  and  undesirable  for  the  medical  officer  to 
undertake  every  minute  detail  of  inspection ;  there  is  plenty  of  other  im- 
portant work  to  fully  occupy  his  time  and  attention.  He  should,  however, 
at  all  times  be  able  and  willing  to  give  the  inspector  any  assistance  or 
advice  in  the  execution  of  his  duties  of  which  he  may  be  in  need. 

Though  not  in  general  called  upon  to  fulfil  the  part  of  the  inspector,  he 
must  nevertheless  be  capable  of  doing  so  if  occasion  requires,  and  must  be 
so  well  acquainted  with  the  duties  of  that  officer  as  to  be  able  to  instruct  or 
•  correct  him  if  the  necessity  for  so  doing  should  ever  arise. 

It  is  enacted  in  section  191  of  the  Public  Health  Act,  1875,  that  '  a  medical 
officer  of  health  may  exercise  any  of  the  powers  with  which  an  inspector  of 
nuisances  is  invested  by  this  Act ; '  therefore,  although  the  medical  officer 
.is  not  mentioned  in  sections  36,  49,  and  266,  in  which  the  inspector  of 
nuisances  is  named,  he  may  nevertheless  act  under  them,  bearing  in  mind 
that  section  49  relates  to  urban  sanitary  districts  only. 

In  his  relations  with  the  public,  the  medical  officer  of  health  must  be 
considerate  and  unobtrusive.  He  must  endeavour  to  carry  out  his,  occasion- 
ally unwelcome,  duties  in  such  an  equitable  manner  as  shall  not  provoke 
resentment,  and  must  so  exercise  his  powers  that  his  visits  may  be  welcomed 
rather  than  shunned ;  he  must  have  regard  for  the  rights  and  interests  of 
the  owners  as  well  as  of  the  occupiers  of  premises,  so  that  his  advice  and 
assistance  may  be  readily  sought  by  both  alike. 

The  limitation  of  the  appointment  of  medical  officers  of  health  in  England 
and  Wales,  outside  the  metropolis,  first  made  after  the  passing  of  the  Public 
Health  Act,  1872,  to  a  period  not  exceeding  five  years,  was  not  re-enacted  in 
the  Act  of  1875,  but  that  Act  gives  the  Local  Government  Board  control 
over  the  tenure  of  office  of  medical  officers  of  health  whose  salaries  were 
partly  repaid  out  of  monies  voted  by  Parliament,  and  now  by  county  councils ; 
they  have,  however,  no  such  control  over  the  appointment  of  others. 

The  metropolitan  appointments  have  hitherto  been  of  a  more  or  less 
permanent  character,  having  generally  been  held  during  the  pleasure  of  the 
local  authorities,  and  now  they  are  not  to  be  made  for  a  limited  period  only  ; 
but  it  is  far  otherwise  with  most  of  those  which  have  been  made  under  the 
Public  Health  Act,  1875.  On  referring  to  the  return  as  to  the  appoint- 
ments of  medical  officers  of  health  in  England  and  Wales,  ordered  by  the 
House  of  Commons  to  be  printed  on  August  10,  1888,  it  is  seen  that  of  those 
made  under  that  Act  by  single  urban  sanitary  authorities,  about  67  per  cent, 
were  for  periods  of  one  year  or  under,  whilst  about  77  per  cent,  of  those 
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made  by  single  rural  sanitary  authorities  were  for  a  like  period.  Most  of  the- 
rest  were  for  short  terms,  not  exceeding  five  years,  a  few  were  for  indefinite 
periods,  fewer  were  held  during  the  pleasure  of  the  sanitary  authorities,  and 
still  fewer  at  from  three  to  six  months'  notice,  whilst  only  seventeen  out  of 
816  urban,  and  seven  out  of  436  rural  appointments  made  under  the  Act 
were  classed  as  permanent. 

A  few  other  appointments  which  had  been  made  under  earlier  or  under 
local  Acts  were  returned  as  permanent. 

The  appointments  made  by  two  or  more  sanitary  authorities  in  com- 
bination fared  but  little  better  ;  out  of  the  total  of  thirty- seven,  five  were 
returned  as  made  for  one  year,  three  for  two  years,  fourteen  for  three  years, 
one  for  four  years,  nine  for  five  years,  one  for  five  years  and  ten  months, 
one  for  seven  years,  two  for  ten  years,  whilst  only  one  was  returned  as 
permanent. 

The  fifty-four  appointments  made  by  port  sanitary  authorities  included 
five  which  were  permanent,  three  held  during  the  pleasure  of  the  authority, . 
one  at  three  months'  notice,  and  three  for  indefinite  periods,  whilst  the 
remainder  were  held  for  short  terms  varying  from  six  months  to  five  years. 

This  uncertainty  of  tenure  of  ofiice  is  anything  but  satisfactory,  and  is 
most  unfair  to  the  holders  of  tbe  appointments,  who,  if  they  perform  their 
duties  *  without  favour  or  affection,  prejudice  or  malice  to  any  person  whom- 
soever,' as  it  behoves  them  to  do,  will  experience  oft-recurring  opportunities 
of  suffering  for  their  conscientiousness.  At  the  least,  the  sense  of  such  a 
contingency  continually  hanging  over  them  will  not  tend  to  lighten  their 
burden  of  ofiice. 

It  is  to  the  interest  of  the  public  health,  as  well  as  of  the  officers  them- 
selves, that  these  appointments  should  be  placed  upon  a  surer  footing. 

Out  of  the  total  number  of  appointments  made  by  urban,  rural,  and  port- 
sanitary  authorities,  only  sixty-five  of  the  officers  were  returned  as  being  de- 
barred from  private  practice,  by  far  the  greater  number  having  been  made 
amongst  general  practitioners,  very  many  of  whom  were  also  poor-law  medical 
officers. 

Whilst  freely  admitting  that  some  of  the  most  accomphshed  medical 
officers  of  health  are  to  be  found  amongst  those  who  also  follow  their  pro- 
fession as  private  practitioners,  yet  it  cannot  be  doubted  that  the  multiplica- 
tion of  appointments  to  insignificant  districts  is  the  reverse  of  conducive  to 
the  successful  administration  of  the  laws  relating  to  pubhc  health. 

The  constitution  of  districts  to  which  medical  officers  of  health  are  ap- 
pointed varies  from  the  smallest  urban  districts,  comprising  nothing  more 
than  large  villages,  to  the  urban  districts  of  the  largest  cities  and  towns  ;  from 
the  small  portions  of  the  rural  districts  comprised  within  poor-law  medical 
districts,  to  whole  rural  sanitary  districts  ;  and  to  combinations  of  rural,  or 
more  generally  of  urban  and  rural,  sanitary  districts,  some  of  which  are  of 
large  extent.  In  the  case  of  port  sanitary  authorities,  the  medical  officer  of 
health  of  some  adjoining  authority  is  usually  appointed  by  them,  the  port 
sanitary  authority  of  London  being  the  only  one  which  has  retained  the  full 
services  of  such  an  officer.  There  are  also  the  districts  of  medical  officers  of 
health  of  administrative  counties. 

There  is  an  entire  absence  throughout  the  country  of  uniformity  in 
character  and  size  of  the  districts,  in  the  relative  amount  of  salary  attaching 
to  the  appointments,  and  in  the  fitness  for  the  special  work  exhibited  by  the 
persons  appointed. 

The  salary  is  often  quite  inadequate  for  the  work  which  ought  to  be  done. 
Medical  officers  of  health  appointed  under  the  Pubhc  Health  Act,  1875,  have  • 
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no  claim  for  any  superannuation  allowance,  but  the  vestries  and  district  boarda 
in  the  metropolis  may  grant  such  allowances,  under  the  Superannuation 
Allowances  Act,  1866,  to  medical  officers  of  health  who  may  become  incapable 
of  discharging  their  duties  efficiently,  by  reason  of  permanent  infirmity  of 
mind  or  body,  or  of  old  age  after  sixty  years  of  age,  and  they  may  grant  them 
gratuities,  under  certain  circumstances,  in  case  of  retirement  before  they  are 
entitled  to  a  superannuation  allowance. 

The  London  County  Council  had  the  same  power,  but  have  procured  its 
repeal,  intending  to  substitute  for  it  a  system  of  superannuation,  the  officers 
contributing  to  the  fund  created  for  the  purpose. 

The  medical  officer  of  health  should  keep  a  correct  account  of  all  cash 
disbursements  which  he  is  entitled  to  have  repaid  to  him,  and  he  should  bear 
in  mind  that  such  account  may  possibly  have  to  be  produced  to  an  auditor. 

The  duties  of  medical  officers  of  health  are  thus  enumerated  in  the  General 
Orders  of  the  Local  Government  Board,  dated  March  23,  1891  : 

Duties 
Art.  18.     The  following  shall  be  the  duties  of  the  medical  of&cer  of  health  : — 

(1)  He  shall  inform  himself  as  far  as  practicable  respecting  all  influences  affecting  or 
threatening  to  affect  injuriously  the  public  health  within  the  district. 

(2)  He  shall  inquire  into  and  ascertain  by  such  means  as  are  at  his  disposal  the  causes,. 
origin,  and  distribution  of  diseases  within  the  district,  and  ascertain  to  what  extent  the 
same  have  depended  on  conditions  capable  of  removal  or  mitigation. 

(3)  He  shall  by  inspection  of  the  district,  both  systematically  at  certain  periods,  and 
at  intervals,  as  occasion  may  require,  keep  himself  informed  of  the  conditions  injurious 
to  health  existing  therein. 

(4)  He  shall  be  prepared  to  advise  the  Sanitary  Authority  on  all  matters  affecting  the 
health  of  the  district,  and  on  all  sanitary  points  involved  in  the  action  of  the  Sanitary 
Authority ;  and,  in  cases  requiring  it,  he  shall  certify,  for  the  guidance  of  the  Sanitary 
Authority  or  of  the  justices,  as  to  any  matter  in  respect  of  which  the  certificate  of  a 
medical  officer  of  health  or  a  medical  practitioner  is  required  as  the  basis  or  in  aid  of 
sanitary  action. 

(5)  He  shall  advise  the  Sanitary  Authority  on  any  question  relating  to  health  involved 
in  the  framing  and  subsequent  working  of  such  bye-laws  and  regulations  as  they  may  have 
power  to  make,  and  as  to  the  adoption  by  the  Sanitary  Authority  of  the  Infectious  Disease 
(Prevention)  Act,  1890,  or  of  any  section  or  sections  of  such  Act. 

(6)  On  receiving  information  of  the  outbreak  of  any  contagious,  infectious,  or  epidemic; 
disease  of  a  dangerous  character  within  the  district,  he  shall  visit  without  delay  the  spot 
where  the  outbreak  has  occurred,  and  inquire  into  the  causes  and  circumstances  of  such 
outbreak,  and  in  case  he  is  not  satisfied  that  all  due  precautions  are  being  taken,  he  shall 
advise  the  persons  competent  to  act  as  to  the  measures  which  may  appear  to  him  to  be 
required  to  prevent  the  extension  of  the  disease,  and  take  such  measures  for  the  preven- 
tion of  disease  as  he  is  legally  authorised  to  take  under  any  statute  in  force  in  the  district 
or  by  any  resolution  of  the  Sanitary  Authority. 

(7)  Subject  to  the  instructions  of  the  Sanitary  Authority,  he  shall  direct  or  superintend 
the  work  of  the  inspector  of  nuisances  in  the  way  and  to  the  extent  that  the  Sanitary 
Authority  shall  approve,  and  on  receiving  information  from  the  inspector  of  nuisances 
that  his  intervention  is  required  in  consequence  of  the  existence  of  any  nuisance  injurious 
to  health,  or  of  any  overcrowding  in  a  house,  he  shall,  as  early  as  practicable,  take  such 
steps  as  he  is  legally  authorised  to  take  under  any  statute  in  force  in  the  district,  or  by 
any  resolution  of  the  Sanitary  Authority,  as  the  circumstances  of  the  case  may  justify 
and  require. 

(8)  In  any  case  in  which  it  may  appear  to  him  to  be  necessary  or  advisable,  or  in  which 
he  shall  be  so  directed  by  the  Sanitary  Authority,  he  shall  himself  inspect  and  examine 
any  animal,  carcase,  meat,  poultry,  game,  flesh,  fish,  fruit,  vegetables,  corn,  bread,  flour, 
or  milk,  and  any  other  article  to  which  the  provisions  of  the  Public  Health  Act,  1875,  in 
this  behalf  apply,  exposed  for  sale,  or  deposited  for  the  purpose  of  sale  or  of  preparation 
for  sale,  and  intended  for  the  food  of  man,  which  is  deemed  to  be  diseased,  or  unsound, 
or  unwholesome,  or  unfit  for  the  food  of  man ;  and  if  he  finds  that  such  animal  or  article- 
is  diseased,  or  unsound,  or  unwholesome,  or  unfit  for  the  food  of  man,  he  shall  give  sucb 
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directions  as  may  be  necessary  for  causing  the  same  to  be  dealt  with  by  a  justice  accord- 
ing to  the  provisions  of  the  statutes  applicable  to  the  case. 

(9)  He  shall  perform  all  the  duties  imposed  upon  him  by  any  bye-laws  and  regulations 
of  the  Sanitary  Authority,  duly  confirmed  where  confirmation  is  legally  required,  in  respect 
of  any  matter  affecting  the  public  health,  and  touching  which  they  are  authorised  to 
frame  bye-laws  and  regulations. 

(10)  He  shall  inquire  into  any  offensive  process  of  trade  carried  on  within  the  district, 
and  report  on  the  appropriate  means  for  the  prevention  of  any  nuisance  or  injury  to  health 
therefrom. 

(11)  He  shall  attend  at  the  office  of  the  Sanitary  Authority,  or  at  some  other  appointed 
place,  at  such  stated  times  as  they  may  direct. 

(12)  He  shall  from  time  to  time  report  in  writing  to  the  Sanitary  Authority  his  pro- 
ceedings, and  the  measures  which  may  require  to  be  adopted  for  the  improvement  or  pro- 
'tection  of  the  public  health  in  the  district.  He  shall  in  like  manner  report  with  respect 
to  the  sickness  and  mortality  within  the  district,  so  far  as  he  has  been  enabled  to  ascertain 
the  same. 

(13)  He  shall  keep  a  book,  or  books,  to  be  provided  by  the  Sanitary  Authority,  in  which 
he  shall  make  an  entry  of  his  visits,  and  notes  of  his  observations  and  instructions  thereon, 
and  also  the  date  and  nature  of  applications  made  to  him,  the  date  and  result  of  the  action 
taken  thereon  and  of  any  action  taken  on  previous  reports  ;  and  shall  produce  such  book 
■or  books,  whenever  required,  to  the  Sanitary  Authority. 

(14)  He  shall  also  make  an  annual  report  to  the  Sanitary  Authority,  up  to  the  end  of 
December  in  each  year,  comprising  a  summary  of  the  action  taken,  or  which  he  has  ad- 
vised the  Sanitary  Authority  to  take,  during  the  year  for  preventing  the  spread  of  disease, 
and  an  account  of  the  sanitary  state  of  his  district  generally  at  the  end  of  >the  year.  The 
report  shall  also  contain  an  account  of  the  inquiries  which  he  has  made  as  to  conditions 
injurious  to  health  existing  in  the  district,  and  of  the  proceedings  in  which  he  has  taken 
part  or  advised  under  any  statute,  so  far  as  such  proceedings  relate  to  those  conditions  ; 
and  also  an  account  of  the  supervision  exercised  by  him,  or  on  his  advice,  for  sanitary 
purposes  over  places  and  houses  that  the  Sanitary  Authority  have  power  to  regulate, 
with  the  nature  and  results  of  any  proceedings  which  may  have  been  so  required  and  taken 
in  respect  of  the  same  during  the  year.  The  report  shall  also  record  the  action  taken  by 
him,  or  on  his  advice,  during  the  year,  in  regard  to  offensive  trades,  to  dairies,  cow-sheds, 
and  milk-shops,  and  to  factories  and  workshops.  The  report  shall  also  contain  tabular 
statements  (on  forms  to  be  supplied  by  us,  or  to  the  like  effect)  of  the  sickness  and  mor- 
tality within  the  district,  classified  according  to  diseases,  ages,  and  localities  : 

Provided  that,  if  the  medical  officer  of  health  shall  cease  to  hold  office  before  December 
31  in  any  year,  he  shall  make  the  like  report  for  so  much  of  the  year  as  shall  have  expired 
when  he  ceases  to  hold  office. 

(15)  He  shall  give  immediate  information  to  us  of  any  outbreak  of  dangerous  epidemic 
disease  within  the  district,  and  shall  transmit  to  us  a  copy  of  each  annual  report  and  of 
any  special  report.  He  shall  make  a  special  report  to  us  of  the  grounds  of  any  advice 
which  he  may  give  to  the  Sanitary  Authority  with  a  view  to  their  requiring  the  closure  of 
any  school  or  schools,  in  pursuance  of  the  Code  of  Eegulations  approved  by  the  Education 
Department,  and  for  the  time  being  in  force. 

(16)  At  the  same  time  that  he  gives  information  to  us  of  an  outbreak  of  infectious 
disease,  or  transmits  to  us  a  copy  of  his  annual  report  or  of  any  special  report,  he  shall 
give  the  like  information  or  transmit  a  copy  of  such  report  to  the  County  Council  of  the 
county  within  which  his  district  may  be  situated. 

(17)  In  matters  not  specifically  provided  for  in  this  order,  he  shall  observe  and  execute 
any  instructions  issued  by  us,  and  the  lawful  orders  and  directions  of  the  Sanitary  Autho- 
rity applicable  to  his  office. 

(18)  Whenever  we  shall  make  regulations  for  all  or  any  of  the  purposes  specified  in 
section  134  of  the  Public  Health  Act,  1875,  and  shall  declare  the  regulations  so  made  to 
be  in  force  within  any  area  comprising  the  whole  or  any  part  of  the  district,  he  shall 
observe  such  regulations  so  far  as  the  same  relate  to  or  concern  his  office. 

In  regard  to  every  medical  officer  of  health  no  part  of  whose  salary  is  intended  to  be 
payable  to  an  Urban  (or  Rural)  Sanitary  Authority  by  a  County  Council  or  by  the  Town 
Council  of  a  borough  in  pursuance  of  the  Local  Government  Act,  1888,  we  do  hereby  order : — 

Art.  20.  The  following  shall  be  the  duties  of  the  medical  officer  of  health  in  respect 
■of  the  district  for  which  he  is  appointed  : — 

(1)  He  shall,  within  seven  days  after  his  appointment,  report  the  same  in  writing  to  us. 
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(2)  He  shall  perform  all  the  duties  prescribed  by  Article  18  of  this  Order  for  a  medical 
officer  of  health  in  respect  of  whose  salary  a  payment  is  intended  to  be  made  by  a  County 
Council  as  aforesaid. 

Urban  sanitary  authorities  may  make  regulations,  under  section  189  of 
the  Act  of  1875,  with  respect  to  the  duties  and  conduct  of  their  medical 
officers  of  health,  but  rural  sanitary  authorities  are  not  empowered  to 
do  so. 

Vestries  and  district  boards  in  the  metropolis  may  make  bye-laws  for 
regulating  those  duties,  under  section  202  of  the  Metropolis  Management 
Act,  1855. 

The  Local  Government  Board  issued  a  General  Order  in  1889,  prescribing 
regulations  as  to  medical  officers  of  health  in  the  metropolis  appointed 
on  or  after  April  1,  1889,  and  that  was  made  to  apply  to  any  medical 
officer  of  health  appointed  by  the  Woolwich  local  authority  by  another  Order. 
These  are  superseded  by  the  Sanitary  Officers  (London)  Order,  1891,  whicL 
now  applies  to  every  medical  officer  of  sanitary  districts  in  the  administrative 
county  of  London  appointed,  or  re-appointed,  on  or  after  January  1,  1892. 
The  duties  prescribed  in  it  are,  for  the  most  part,  analogous  to  those  in 
the  Orders  of  March,  1891. 

The  Local  Government  Board  have  also  issued  a  General  Order,  dated 
July  19,  1883,  regulating  the  same  matters  with  respect  to  medical  officers 
of  health  appointed,  or  re-appointed,  on  or  after  August  1,  1883,  by  port 
sanitary  authorities,  in  which  the  duties  are  given  in  the  following  terms : — 

(1)  He  shall  inform  himself,  as  far  as  practicable,  respecting  all  influences  affecting 
or  threatening  to  affect  injuriously  the  health  of  crews  and  other  persons  on  shipboard 
within  the  district. 

(2)  He  shall  inquire  into  and  ascertain,  by  such  means  as  are  at  his  disposal,  the 
causes,  origin,  and  distribution  of  diseases  in  the  ships  and  other  vessels  within  the  dis- 
trict, and  ascertain  to  what  extent  the  same  have  depended  on  conditions  capable  of  re- 
moval or  mitigation. 

(3)  He  shall,  by  inspection  of  the  shipping  in  the  district,  keep  himself  informed  of 
the  conditions  injurious  to  health  existing  therein. 

(4)  He  shall  be  prepared  to  advise  the  Port  Sanitary  Authority  on  all  matters  affecting 
the  health  of  the  crews  and  other  persons  on  shipboard  in  the  district,  and  on  all  sanitary 
points  involved  in  the  action  of  the  Port  Sanitary  Authority  ;  and  in  cases  requiring  it  he- 
shall  certify,  for  the  guidance  of  the  Port  Sanitary  Authority  or  of  the  justices,  as  to  any 
matter  in  respect  of  which  the  certificate  of  a  medical  officer  of  health  or  a  medical 
practitioner  is  required  as  the  basis  or  in  aid  of  sanitary  action. 

(5)  He  shall  advise  the  Port  Sanitary  Authority  on  any  question  relating  to  health 
involved  in  the  framing  and  subsequent  working  of  such  bye-laws  and  regulations  as  they 
may  have  power  to  make. 

(6)  On  receiving  information  of  the  arrival  within  the  district  of  any  ship  or  other 
vessel  having  any  infectious  or  epidemic  disease  of  a  dangerous  character  on  board,  or  of 
the  outbreak  of  any  such  disease  on  board  any  ship  or  other  vessel  within  the  district,  he 
shall  visit  the  vessel  without  delay,  and  inquire  into  the  causes  and  circumstances  of  such 
outbreak,  and  advise  the  persons  competent  to  act  as  to  the  measures  which  may  appear 
to  him  to  be  required  to  prevent  the  extension  of  the  disease,  and,  so  far  as  he  may  be 
lawfully  authorised,  assist  in  the  execution  of  the  same. 

(7)  On  receiving  information  from  the  inspector  of  nuisances  that  his  intervention  is 
required  in  consequence  of  the  existence  of  any  nuisance  injurious  to  health,  or  of  any 
overcrowding  in  a  ship  or  other  vessel,  he  shall,  as  early  as  practicable,  take  such  steps 
authorised  by  the  Public  Health  Act,  1875,  in  that  behalf  as  the  circumstances  of  the  case 
may  justify  and  require. 

(8)  He  shall  perform  all  the  duties  imposed  upon  him  by  any  bye-laws  and  regulations 
of  the  Port  Sanitary  Authority,  duly  confirmed,  in  respect  of  any  matter  affecting  the 
public  health,  and  touching  which  they  are  authorised  to  frame  bye-laws  and  regulations. 

(9)  He  shall  attend  at  the  office  of  the  Port  Sanitary  Authority,  or  at  some  other 
appointed  place,  at  such  stated  times  as  they  may  direct. 

(10)  He  shall  from  time  to  time  report  in  writing  to  the  Port  Sanitary  Authority  his 


750  HYGIENE 

proceedings,  and  the  measures  which  may  require  to  be  adopted  for  the  improvement  or 
protection  of  the  health  of  crews  or  other  persons  on  ship-board  in  the  district.  He  shall 
in  hke  manner  report  with  respect  to  the  sickness  and  mortality  of  persons  on  ship-board 
within  the  district,  so  far  as  he  has  been  enabled  to  ascertain  the  same. 

(11)  He  shall  keep  a  book  or  books,  to  be  provided  by  the  Port  Sanitary  Authority,  in 
which  he  shall  make  an  entry  of  his  visits,  and  notes  of  his  observations  and  instructions 
thereon,  and  also  the  date  and  nature  of  applications  made  to  him,  the  date  and  result  of 
the  action  taken  thereon,  and  of  every  action  taken  on  previous  reports  ;  and  shall  pro- 
duce such  book  or  books,  whenever  required,  to  the  Port  Sanitary  Authority. 

(12)  He  shall  also  prepare  an  annual  report,  to  be  made  to  the  end  of  December  in 
each  year,  comprising  tabular  statements  (so  far  as  he  shall  have  been  able  to  obtain  the 
necessary  information)  of  the  sickness  and  mortality  of  persons  on  ship-board  within  the 
district,  classified  according  to  diseases,  ages,  and  vessels  ;  and  a  summary  of  the  action 
taken  during  the  year  for  preventing  the  spread  of  disease.  The  report  shall  also  contain 
an  account  of  the  proceedings  in  which  he  has  taken  part  or  advised  under  the  Public 
Health  Act,  1875,  so  far  as  such  proceedings  relate  to  conditions  dangerous  or  injurious  to 
health,  and  also  an  account  of  the  supervision  exercised  by  him  or  on  his  advice  for  sani- 
tary purposes,  over  places  and  vessels  that  the  Port  Sanitary  Authority  has  power  to  regu- 
late, with  the  nature  and  results  of  any  proceedings  which  may  have  been  so  required  and 
taken  in  respect  of  the  same  during  the  year. 

(13)  He  shall  give  immediate  information  to  the  Local  Government  Board  of  any  out- 
break of  infectious  or  epidemic  disease  of  a  dangerous  character  on  ship-board  within  the 
district,  and  shall  transmit  to  the  Board  a  copy  of  each  annual  and  of  any  special  report. 

(14)  Where  any  vessel  within  his  district  has  had  dangerous  infectious  disease  on 
board,  he  shall  give  notice  thereof  to  the  medical  officer  of  health  of  any  port  within  the 
United  Kingdom  whither  such  vessel  is  about  to  sail. 

(15)  He  shall  observe  and  execute,  so  far  as  they  may  be  applicable  to  his  ofl&ce,  the 
rules  and  regulations  of  the  Local  Government  Board  in  force  for  the  time  being,  and  any 
instructions  of  the  said  Board,  and  the  lawful  orders  and  directions  of  the  Port  Sanitary 
Authority. 

The  medical  officer  of  health  should  keep  an  exact  record  of  all  his  pro- 
ceedings, and  should  make  full  and  accurate  notes  of  all  inspections  and 
observations  at  the  time  they  are  made  ;  he  should  invariably  date  them 
correctly.  This  is  especially  important  in  all  instances  in  which  any  legal 
proceedings  are  likely  to  arise,  and  it  must  be  borne  in  mind  that  it  is  im- 
possible to  foretell  when  any  exact  record  of  a  date  or  occurrence  may  become 
of  importance. 

All  his  notes  should  be  entered  in  books  kept  for  the  purpose ;  he  should 
avoid  the  habit  of  making  them  on  loose  pieces  of  paper,  which  are  often  not 
forthcoming  when  most  wanted. 

If  his  district  comprises  several  parishes,  as  happens  in  rural  sanitary 
districts,  he  will  find  it  convenient  for  purposes  of  reference  to  keep  a 
register  of  visits  paid  to  each  parish  or  separate  place,  together  with  an 
index  of  any  entries  in  his  note-books  made  on  those  occasions. 

He  will  find  that  complete  notes  of  his  proceedings  will  be  a  great  assistance 
in  the  compilation  of  the  annual  reports  which  he  has  to  make.  Instruc- 
tions regarding  the  character  and  compilation  of  those  reports  are  given  in 
the  '  Memorandum  as  to  Annual  Eeports  of  Medical  Officers  of  Health,'  issued 
by  the  medical  officer  of  the  Local  Government  Board,  and,  since  it  is  im- 
possible to  epitomise  it  without  detracting  from  its  clearness,  reference  must 
be  made  to  it  for  information  on  the  subject. 

The  medical  officer  of  health  should  endeavour  to  advance  all  knowledge 
relating  to  preventive  medicine,  and  with  that  end  in  view  he  should  give 
•iclose  study  and  attention  to  any  disease  specially  prevalent  in  his  district ; 
he  should  keep  a  precise  record  of  all  the  circumstances  referring  to  cases  of 
such  disease  coming  under  his  observation,  and  should  embody  in  his  annual 
reports  any  facts  or  observations  of  importance  which  may  bear  upon  those 
'(questions.     In  so  doing  he  will  materially  assist  in  the  accumulation,  as  time 
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progresses,  of  valuable  mformation  bearing  upon  the  obscure  etiology  of  any 
diseases  which  may  hitherto  have  baffled  all  attempts  at  elucidation,  and  the 
value  and  importance  of  his  contributions  to  the  literature  of  public  health 
will  be  appreciably  enhanced. 

The  obligation  to  make  annual  reports  and  to  send  copies  of  them  to  the 
Local  Government  Board  and  to  the  council  of  the  county  within  which 
their  districts  are  situated  is  imposed  upon  all  medical  officers  of  health  of 
urban,  rural,  and  port  sanitary  districts,  and  upon  all  metropolitan  officers 
who  may  have  been  appointed  on  or  after  April  1,  1889,  whether  or  no  any 
portion  of  their  salaries  is  paid  by  the  county  councils. 

Section  106  (5)  of  the  Public  Health  (London)  Act,  1891,  requires  that 
the  annual  report  of  all  metropolitan  medical  officers  of  health  shall  be  ap- 
pended to  the  annual  report  of  the  sanitary  authorities. 

It  is  important  to  note  that  sub-section  (1)  of  section  19  of  the  Local 
Government  Act,  1888,  enacts  that :  '  Every  medical  officer  of  health  for  a 
district  in  any  county  shall  send  to  the  county  council  a  copy  of  every  period- 
ical report  of  which  a  copy  is  for  the  time  being  required  by  the  regulations 
of  the  Local  Government  Board  to  be  sent  to  the  Board,  and  if  a  medical 
officer  fails  to  send  such  copy  the  coimty  council  may  refuse  to  pay  any  con- 
tribution, which  otherwise  the  council  would  in  pursuance  of  this  Act  pay, 
towards  the  salary  of  such  medical  officer.' 

On  the  other  hand,  if  the  Local  Government  Board  certify  to  the  county 
council,  under  paragraph  (c)  of  sub-section  (2)  of  section  24  of  that  Act,  that 
any  medical  officer  of  health,  one-half  of  whose  salary  is  repaid  to  the  local 
authority  by  the  county  council,  has  failed  to  send  to  that  Board  such  re- 
port and  returns  as  are  for  the  time  being  required  by  the  regulations 
respecting  the  duties  of  such  officer  made  by  order  of  the  Board,  a  sum  equal 
to  such  half  of  his  salary  shall  be  forfeited  to  the  Crown,  and  the  county 
council  shall  pay  it  into  Her  Majesty's  Exchequer,  instead  of  to  the  local 
authority. 

It  is  needful,  therefore,  that  the  medical  officer  of  health  should  not  fail 
to  fulfil  his  duty  in  these  respects. 

He  should  bestow  much  care  upon  the  compilation  of  his  annual  reports, 
inasmuch  as  they  may  be  made  the  medium  for  the  dissemination  of  valuable 
instruction,  and  may  be  instrumental  in  the  education  of  the  pubhc  in  a 
manner  that  may  much  conduce  to  the  advancement  of  public  health  questions. 
With  these  ends  in  view  it  is  desirable  that  the  reports  should  be  printed  and 
circulated  in  his  district. 

He  should  carefully  preserve  copies  not  only  of  these,  but  of  all  his  re- 
ports and  correspondence. 

It  is  quite  indispensable,  as  well  for  the  purposes  of  his  annual  reports  as 
for  his  information  as  to  the  general  state  of  health  in  his  district,  that  he 
should  be  regularly  furnished  with  returns  of  births  and  deaths  from  the 
district  registrars  of  births  and  deaths ;  in  point  of  fact,  where  compulsory 
notification  of  infectious  diseases  is  not  in  force,  those  returns  are  often  the 
first  and  only  information  of  any  infectious  diseases  occurring  in  his  district. 
Sanitary  authorities  can,  under  section  28  of  the  Births  and  Deaths  Regis- 
tration Act,  1874,  require  the  district  registrars  to  furnish  returns  of  the 
deaths  they  register  in  their  districts,  and  may  pay  them  for  so  doing.  An 
arrangement  for  this  purpose  should  invariably  be  made  with  the  registrars  ; 
the  returns  should  be  made  on  proper  forms,  and  be  sent  directly  to  the 
medical  officer  of  health.  They  should  be  made  weekly  in  most  cases,  but 
in  very  small  districts  it  is  sufficient  if  they  are  sent  in  monthly,  or  even 
quarterly.     In  all  cases,  however,  deaths  from  infectious  diseases,  and  any 
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unusual  number  from  diarrhoea,  should  be  returned  to  him  at  the  time  they 
are  registered. 

It  is  desirable  that  the  medical  officer  of  health  should  attend,  whenever 
practicable,  all  the  meetings  of  the  sanitary  authority,  or  of  its  committees, 
at  which  any  business  connected  with  his  department  may  be  transacted. 
By  so  doing  he  will  keep  in  touch  with  the  authority,  and  may  be  instrumental 
in  infusing  into  it  that  interest  in  and  regard  for  public  health  work  which 
are  sometimes  lacking  in  those  bodies.  Supineness  on  the  part  of  a  local 
authority  may  not  infrequently  be  traced  to  negligence  in  that  behalf  on  the 
part  of  the  medical  officer. 

In  the  event  of  many  parochial  committees  being  formed  in  any  rural 
sanitary  district  he  will  probably  find  it  impossible  to  be  present  at  all  their 
meetings. 

In  rural  districts  he  should  endeavour  to  get  the  sanitary  authority  to 
delegate  their  powers  and  duties  to  a  committee  formed  under  section  201  of 
the  Act  of  1875.  Public  health  work  is  rarely  properly  done  where  a  whole 
board  of  guardians  act  as  the  sanitary  authority,  except,  perhaps,  where  the 
board  is  only  a  very  small  one. 

In  any  case  the  meetings  of  the  authority  should  always  be  held  at  a 
fixed  hour,  and  preferably  before  the  meetings  of  the  guardians.  If  held  at 
an  indefinite  time  at  the  close  of  those  meetings,  which  are  not  infrequently 
unduly  protracted,  the  members  of  the  board  are  tired  or  are  impatient  to 
get  away,  so  that  the  work  of  the  sanitary  authority  is  done  in  a  hurried  and. 
slovenly  manner,  whilst  the  time  of  the  medical  officer  is  needlessly  and 
vexatiously  wasted. 

In  urban  sanitary  districts  the  medical  officer  of  health  may  have  an  office- 
provided  and  maintained  for  him  by  the  sanitary  authority. 

In  his  official  correspondence  with  the  Local  Government  Board  he 
should  address  the  Secretary.  The  Board  request  correspondents :  (1)  To 
quote  the  number,  reference  letter,  and  date  of  each  letter  to  which  they 
reply;  (2)  to  let  communications  on  different  subjects,  or  relating  to 
different  unions  or  parishes,  form  separate  letters ;  and  (3)  to  use  paper  of 
foolscap  size. 

The  liahilities  of  the  medical  officer  of  health  should  be  clearly  under- 
stood. He  cannot  be  a  member  of  any  local  authority  by  whom  he  is  ap- 
pointed. If  he  is  appointed  by  a  municipal  corporation,  any  partner  he  may 
have  is  disqualified  for  being  a  councillor  or  alderman  of  that  body.  Section 
193  of  the  Public  Health  Act,  1875,  enacts  that  the  medical  officer  of  health, 
in  common  with  other  officers  appointed  under  that  Act  by  a  local  authority, 
shall  not  in  any  mse  be  concerned  or  interested  in  any  bargain  or  contract 
made  with  that  authority  for  any  of  the  purposes  of  the  Act.  If  any  such 
officer  is  so  concerned  or  interested,  or,  under  colour  of  his  office,  exacts  or 
accepts  any  fee  or  reward  vrhatsoever  other  than  his  proper  salary  and  allow- 
ances, he  shall  be  incapable  of  afterwards  holding  any  office  under  the  Act, 
and  shall  forfeit  and  pay  the  sum  of  50Z.,  which  may  be  recovered  by  any 
person,  with  full  costs  of  suit,  by  action  of  debt. 

Before  proceedings  for  the  recovery  of  any  penalty  tmder  this  section  can 
now  be  taken  the  consent  in  writing  of  the  Attorney-General  must  be  obtained, 
as  provided  for  by  the  Public  Health  (Officers)  Act,  1884  ;  moreover,  the 
section  has  been  amended  by  section  2  of  the  Public  Health  (Members  and 
Officers)  Act,  1885,  which  enacts  that  it  shall  not  be  unlawful  for  any  officer 
appointed  under  the  Act  of  1875,  or  a  local  Act,  to  be  concerned  or  interested 
in  any  contract  with  the  local  authority,  to  be  made  in  a  manner  prescribed 
in  the  section,  for  the  sale,  purchase,  leasing,  or  hiring  of  any  lands,  rooms. 
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or  offices,  or  to  be  concerned  or  interested  in  any  contract  with  the  local 
authority  as  a  shareholder  in  any  joint  stock  company,  and  that  no  officer 
shall  be  incapable  of  holding  office  or  shall  be  liable  to  any  penalty  by  reason 
only  of  his  having  been  concerned  or  interested  either  before  or  after  the 
passing  of  the  Act  in  any  such  contract. 

The  enactment  referring  to  the  same  subject  in  the  metropolis  is  contained 
in  section  64  of  the  Metropolis  Management  Act,  1855,  which  also  provides 
that  no  person  being  a  shareholder  of  any  joint  stock  company  shall  be  pre- 
vented from  being  employed  as  an  officer  by  reason  of  any  contract  between 
such  company  and  the  board  or  vestry  appointing  him,  or  of  any  work 
executed  by  such  company. 

It  has  been  decided,  however,  that  a  local  authority  is  not  precluded  from 
giving  an  officer  extra  remuneration  for  any  work  done  by  him  which  is  not 
included  in  his  ordinary  duties. 

The  medical  officer  of  health  is  also  subject  to  the  provisions  of  the  Public 
Bodies  Corrupt  Practices  Act,  1889,  which  make  it  a  misdemeanour,  punish- 
able by  imprisonment  with  or  without  hard  labour  for  any  period  not  exceed- 
ing two  years,  by  a  fine  not  exceeding  500Z.,  or  by  both  such  imprisonment 
and  such  fine,  together  with  other  penalties,  such  as  forfeiture  of  office  and 
prohibition  of  holding  any  public  office  for  seven  years,  to  solicit  or  receive 
a  reward  in  any  shape  or  form  for  doing  or  forbearing  to  do  any  matter  or 
transaction  connected  with  the  duties  of  his  office,  or  to  give  or  offer  any 
such  reward  to  any  member,  officer,  or  servant  of  any  local  authority  within 
the  United  Kingdom  ;  but  a  prosecution  under  t'lat  Act  cannot  be  instituted 
without  the  consent  of  the  Attorney-General. 

The  medical  officer  of  health  is  protected  by  section  265  of  the  Public 
Health  Act,  1875,  which  provides  that  no  matter  or  thing  done  by  any  officer 
of  a  local  authority  bond  fide  for  the  purpose  of  executing  the  Act  shall 
subject  him  personally  to  any  action,  hability,  claim,  or  demand  whatsoever ; 
.and  that  any  expense  incurred  by  him  in  so  acting  shall  be  paid  for  by 
the  local  authority  out  of  the  rates.  A  similar  protection  is  given  in  the 
metropolis  by  section  124  of  the  Public  Health  (London)  Act,  1891. 

In  the  following  pages  the  duties  imposed  upon  the  medical  officer  of 
health  by  the  Public  Health  Act,  1875,  and  incorporated  and  other  Acts, 
and  by  bye-laws  made  thereunder,  are  discussed,  for  the  most  part,  in  the 
order  in  which  the  subject-matter  is  found  in  the  first-named  Act,  and  unless 
otherwise  stated  they  relate  to  the  officers  of  both  urban  and  rural  sanitary 
districts.  Subsequently  any  duties  entailed  upon  him  by  other  Acts  of 
Parliament  coming  within  the  administration  of  local  authorities  are 
given. 

It  must  be  premised  that  the  duties  of  the  metropolitan  officers  are  very 
similar  to  those  of  extra-metropolitan  officers,  their  powers  in  some  matters 
being  derived  from  the  same  sources,  but  that  they  are  chiefly  regulated  by 
the  Public  Health  (London)  Act,  1891,  and  by  some  Acts  applying  specially 
to  the  metropolis.  It  is  not  deemed  necessary  to  make  special  references  to 
those  Acts  in  all  instances. 

The  duties  of  officers  in  some  places  are,  to  a  certain  extent,  affected  by 
local  Acts,  but  it  would  be  beyond  the  scope  of  this  article  to  enter  into  a 
discussion  of  those  special  cases,  since  they  do  not  concern  the  medical 
officer  of  health  in  general. 

Betail  bakehouses,  so  far  as  their  cleanliness  and  other  sanitary  con- 
ditions, and  certain  regulations  for  bakehouses  established  on  or  after  June 
1,  1883,  are  concerned,  are  placed  under  the  control  of  sanitary  authorities 
in  urban  and  rural  sanitary  districts  by  section  17  of  the  Factory  and  Work- 
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shop  Act,  1883,  and  in  metropolitan  districts  by  section  26  of  the  Public- 
Health  (London)  Act,  1891. 

The  only  bakehouses  in  urban  and  rural  sanitary  districts  to  which  the 
above-named  provisions  apply  are  those  within  which  the  bread,  biscuits,  or 
confectionery  which  are  baked  are  not  sold  wholesale,  but  by  retail  in  some 
shop  or  place  occupied  together  with  the  bakehouse,  and  in  or  in  connection 
with  which  no  steam,  water,  or  other  mechanical  power  is  used  for  the  pur- 
poses of  the  business ;  those  in  which  any  such  power  is  employed,  being 
'  factories,'  are  exempted. 

In  the  metropolis  all  bakehouses  which  are  'workshops,'  that  is  to  say,. 
'  any  places  in  which  are  baked  bread,  biscuits,  or  confectionery,  from  the 
baking  or  selhng  of  which  a  profit  is  derived,'  and  in  which  no  mechanical 
power  is  employed,  are  included.  Any  belonging  to  the  Crown  are  not 
exempted  from  the  operation  of  the  enactments,  unless  a  Secretary  of  State- 
declares  them  to  be  so  during  any  public  emergency. 

The  medical  officer  of  health  will  have  to  see  to  the  enforcement  of  these 
provisions,  and  for  that  purpose  he  has  all  such  powers  of  entry,  inspection, 
taking  legal  proceedings  and  otherwise,  as  an  inspector  under  the  Factory 
and  Workshop  Act,  1878.  The  powers  he  is  hkely  to  require  to  exercise  are 
thus  defined  by  section  68  of  that  Act :  '  To  enter,  inspect,  and  examine  at  all 
reasonable  times  by  day  and  night  a  .  .  .  workshop.  ...  To  make  such  ex- 
amination and  inquu-y  as  may  be  necessary  to  ascertain  whether  the  enact- 
ments for  the  time  being  in  force  relating  to  public  health  and  the  enactments 
of  this  Act  are  comphed  with  so  far  as  respects  the  .  .  .  workshop  and  the- 
persons  employed  therein.  ...  To  exercise  such  other  powers  as  may  be 
necessary  for  carrying  this  Act  into  effect.' 

There  are  other  powers,  dealing  chiefly  with  employment  and  education, 
about  which  he  need  not  concern  himself. 

In  the  metropohs  he  has  the  same  power  of  entry  into  all  bakehouses 
which  are  not  '  factories,'  to  carry  out  the  provisions  relating  to  them,  as  he 
has  into  any  premises  for  any  purpose  in  relation  to  nuisances. 

If  he  becomes  aware  of  the  employment  of  any  '  child,'  that  is,  a  person 
under  the  age  of  fourteen,  'young  person,'  of  the  age  of  fourteen  and  under 
eighteen,  or  '  woman,'  of  eighteen  and  upwards,  in  any  bakehouse  he  enters, 
he  must  forthwith  give  written  notice  thereof  to  the  factory  inspector  of  the 
district. 

It  appears  as  though  taking  legal  proceedings  in  respect  of  these  matters- 
regarding  retail  bakehouses,  in  urban  and  rural  sanitary  districts,  may  de- 
volve upon  the  medical  officer,  but  it  does  not  appear  advisable  that  he  should 
take  any  such  proceedings  without  being  authorised  to  do  so,  either  generally 
or  in  any  special  instance,  by  the  local  authority  ;  and  if  he  is  obliged  to  do 
so  at  any  tune  he  should  obtain  the  assistance  of  the  clerk  of  the  authority. 

The  points  to  which  he  should  direct  his  attention  in  the  inspection  of  a. 
retail  bakehouse  are ; — Its  state  of  cleanliness,  and  whether  there  is  any 
accumulation  of  flour  sweepings  or  other  refuse  within  it ;  whether  it  is  free 
from  any  effluvia  arising  from  untrapped  or  improperly  trapped  drains, 
water-closets,  earth-closets,  privies,  ashpits,  urinals,  or  other  nuisances ; 
whether  it  is  overcrowded  while  work  is  carried  on,  so  as  to  be  dangerous  or 
injurious  to  the  health  of  the  persons  employed  in  it ;  whether  it  is  ventilated 
in  such  a  manner  as  to  render  harmless,  as  far  as  practicable,  any  injurious 
impurities  in  the  air  generated  in  the  course  of  baking ;  whether  there  are 
within  it  any  conditions  of  drains,  water-closets,  earth-closets,  pri-\-ies,  ash- 
pits, water-supply,  nuisances,  or  other  matters  coming  within  the  purview  of 
the  law  relating  to  pubHc  health  ;  whether  the  statutory  requirements  re-- 
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specting  the  lime-washing,  painting,  or  washing,  as  the  case  may  require,  of 
its  interior,  and  respecting  any  adjoining  sleeping-place  on  the  same  level, 
are  complied  with  ;  and  whether  it  is  on  sanitary  grounds  unfit  to  be  used 
as  a  bakehouse. 

In  the  inspection  of  any  retail  bakehouse  first  used  on  or  after  June  1, 
1883,  he  should  satisfy  himself  that  there  is  no  water-closet,  earth-closet, 
privy,  or  ashpit,  either  within  or  in  direct  communication  with  it ;  that  any 
cistern  there  may  be  for  supplying  water  to  such  bakehouse  is  separate  and 
distinct  from  any  cistern  supplying  a  water-closet ;  and  that  there  is  no 
opening  into  any  drain  for  carrying  off  faBcal  or  sewage  matter  within  it. 

He  should  also  note  whether  any  child,  young  person,  or  woman,  is  em- 
ployed in  any  bakehouse  which  he  inspects. 

In  addition  to  the  provisions  specially  relating  to  retail  bakehouses,  he 
can  exercise  in  respect  to  them  the  general  powers  concerning  houses  which 
he  possesses,  as  explained  in  the  next  paragraph  concerning  other  workshops 
and  factories. 

Factories  and  workshops,  so  far  as  the  special  enactments  of  the  Fac- 
tory and  Workshop  Acts  affect  them,  do  not  concern  the  medical  officer  of 
health ;  but  inasmuch  as  the  definition  of  a  '  house '  in  the  Public  Health 
Act,  1875,  and  the  Public  Health  (London)  Act,  1891,  includes  '  factories 
and  other  buildings  in  which  persons  are  employed,'  he  may  exercise  in  re- 
spect of  them,  in  urban,  rural,  and  metropolitan  districts,  all  the  powers  re- 
lating to  any  house  with  which  he  is  invested,  except  the  provisions  of  sec- 
tion 91  (6)  of  the  first-named,  and  section  2  (g)  of  the  last-named  Act,  in  the 
case  of  any  factory  subject  to  the  provisions  of  the  Factory  and  "Workshop 
Act,  1878,  relating  to  cleanliness,  ventilation,  and  overcrowding ;  but  this 
exception  does  not  apply  to  any  other  factory,  or  to  workshops. 

Whenever  he  finds  that  the  lime-washing,  cleansing,  or  purifying  of  any 
workshop,  or  of  any  part  of  it,  is  necessary  for  the  health  of  the  persons 
employed  in  it,  he  must  give  a  certificate  to  that  effect  to  the  sanitary  autho- 
rity. In  the  metropolis  this  provision  apphes  to  any  workshop,  other  than 
a  bakehouse,  or  factory  which  is  not  subject  to  the  provisions  of  the  Factory 
and  Workshop  Acts,  and  to  any  workplace. 

If  at  any  time  he  observes  a  child,  young  person,  or  woman  being  employed 
in  any  workshop,  he  must  immediately  give  notice  of  the  fact  to  the  factory 
inspector  of  the  district. 

If  a  factory  inspector  finds  any  sanitary  defect  in  a  factory,  workshop,  or 
laundry,  which  can  be  dealt  with  under  the  law  relating  to  public  health, 
but  not  under  the  Factory  and  Workshop  Acts,  he  has  to  give  written  notice 
thereof  to  the  sanitary  authority  of  the  district  in  which  the  building  is 
situated,  and  they  have  to  take  the  necessary  action.  It  will  probably  faU 
to  the  lot  of  the  medical  officer  to  inquire  into  the  matter.  A  factory  in- 
spector may  take  him  into  any  such  place  for  the  purposes  of  this  provision, 
and  may  himself  institute  the  proceedings  if  they  are  not  commenced  within 
a  reasonable  time. 

The  Factory  and  Workshop  Act,  1891,  gives  both  the  medical  officer  of 
health  and  the  inspector  of  nuisances  in  urban  and  rural  sanitary  districts, 
for  the  purposes  of  their  duties  mth  respect  to  enforcing  sanitary  provisions 
in  workshops,  all  the  powers  of  entry,  inspection,  taking  legal  proceedings  or 
otherwise  possessed  by  a  factory  inspector,  which  powers  extend  to  workshops 
belonging  to  the  Crown,  unless  a  Secretary  of  State  exempts  them  from  the 
Acts  in  case  of  any  public  emergency. 

In  the  metropolis  these  officers  derive  their  power  of  entry  under  the  Public 
Health  (London)  Act,  1891. 

3  c2 
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The  duty  of  inspecting  all  workshops  now  devolves  upon  those  officers. 

In  determining  the  number  of  persons  who  should  be  allowed  to  work  in 
them,  it  has  hitherto  been  the  practice  of  the  inspectors  of  the  Home  Office 
to  require  250  cubic  feet  of  space  for  each  person,  and  400  cubic  feet  when 
they  work  overtime ;  three  ordinary  gas-burners,  or  one  gas  iron-heater, 
where  there  is  no  provision  for  conveying  away  the  products  of  combustion, 
should  be  considered  to  require  the  same  space  as  one  person. 

The  Secretary  of  State  has  issued  an  order,  which  came  into  effect  on 
November  20,  1892,  requiring  the  occupiers  of  factories  and  workshops  en- 
gaged in  the  manufacture  of  articles  of  wearing  apparel,  cabinet  and  furniture 
making  and  upholstery  work,  the  manufacture  of  electro-plate,  and  the  manu- 
facture of  files,  and  every  contractor  employed  by  them,  to  keep  lists  of  out- 
workers, which  is  to  be  open  to  inspection  by  the  medical  officer  of  health 
and  inspector  of  nuisances  or  sanitary  inspector. 

The  Local  Government  Board  state  that  the  officers  should  examine  the 
lists  from  time  to  time,  so  that  they  may  become  aware  of  the  places  in  which 
out-workers  in  those  trades  are  employed,  as  they  consider  it  is  especially 
desirable  that  frequent  inspection  should  be  made  of  those  places,  so  that 
prompt  measures  may  be  taken  to  deal  with  any  sanitary  evils  existing  in  them. 

The  Sousing  of  the  Working  Glasses  Act,  1890,  has  repealed  nearly  the 
whole  of  the  numerous  and  compUcated  Acts  which  formerly  related  to  artizans 
and  labourers'  dwellings  and  the  housing  of  the  working  classes,  and  has 
consolidated  and  amended  the  laws  relating  to  those  most  important  subjects, 
which  have  such  a  direct  bearing  upon  the  health,  well-being,  both  moral 
and  physical,  and  happiness  of  the  working  classes. 

Important  responsibilities  are  cast  upon  the  medical  officer  of  health,  and 
upon  him  chiefly  will  devolve  the  duty  of  putting  the  machinery  of  the  Act 
into  operation,  which  duty  will  now  be  more  ready  of  execution  than  under 
the  old  order  of  things. 

Part  I.  of  the  Act,  dealing  with  *  unhealthy  areas,'  concerns  medical 
officers  of  urban  and  metropolitan  districts,  and  of  the  city  and  county  of 
London,  but  not  rural  sanitary  officers. 

An  '  official  representation  '  for  the  purposes  of  this  part  of  the  Act  means 
a  representation  made  to  the  local  authority  by  the  medical  officer  of  health 
of  that  authority,  and  in  London  made  either  by  the  medical  officer  of  the 
county  or  by  any  medical  officer  of  health. 

It  is  the  duty  of  a  medical  officer  of  health  to  make  such  representation 
whenever  he  sees  cause  to  do  so  ;  and  if  two  or  more  justices  of  the  peace 
acting  within  his  district,  or  twelve  or  more  ratepayers,  complain  to  him  of 
the  unhealthiness  of  any  area  within  the  district,  he  is  obliged  to  forthwith 
inspect  it,  and  to  make  an  '  official  representation '  to  the  local  authority 
stating  the  facts  of  the  case,  and  whether,  in  his  opinion,  the  area,  or  any 
part  of  it,  is  or  is  not  an  unhealthy  area. 

When  a  local  authority  have  received  an  official  representation  from  the 
medical  officer  of  health  that  within  any  area  within  their  district  either  any 
houses,  courts,  or  alleys  are  unfit  for  human  habitation  ;  or  the  narrowness, 
closeness,  and  bad  arrangement,  or  the  bad  condition  of  the  streets  and 
houses,  or  groups  of  houses  within  the  area,  or  the  want  of  light,  air,  ventila- 
tion, or  proper  conveniences,  or  any  other  sanitary  defects,  or  one  or  more  of 
such  causes,  are  dangerous  or  injurious  to  the  health  of  the  inhabitants  either 
of  the  buildings  in  the  area  or  of  the  neighbouring  buildings,  and  that  the 
evils  connected  with  such  houses,  courts,  or  alleys,  and  the  sanitary  defects 
in  the  area  cannot  be  effectually  remedied  otherwise  than  by  an  improve- 
ment scheme  for  the  rearrangement  and  reconstruction  of  the  streets  and 
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houses  within  the  area,  or  of  some  of  them,  the  local  authority  must  take 
the  representation  into  their  consideration,  and,  if  satisfied  of  its  truth, 
and  of  the  sufficiency  of  their  resources,  they  have  to  proceed  under  the  Act 
in  the  manner  described  in  the  article  on  the  Law  relating  to  the  Public 
Health. 

In  the  event  of  the  local  authority  refusing  to  make  an  improvement 
scheme,  the  confirming  authority  may  direct  a  local  inquiry  to  be  held,  and 
a  report  to  be  made  to  them  with  respect  to  the  correctness  of  the  medical 
officer's  official  representation  made  to  the  local  authority,  and  any  matters 
connected  with  it  on  which  they  may  desire  to  be  informed. 

Where  a  complaint  of  the  unhealthiness  of  any  area  within  his  district  is 
made  to  the  medical  officer  of  health  by  twelve  or  more  ratepayers,  as  de- 
scribed above,  and  he  fails  to  inspect  such  area,  or  to  make  an  official  repre- 
sentation with  respect  to  it,  or  makes  an  official  representation  to  the  effect 
that  in  his  opinion  it  is  not  an  unhealthy  area,  the  ratepayers  may  appeal  to 
the  confirming  authority,  who,  on  receiving  satisfactory  security  for  costs, 
must  appoint  a  legally  qualified  medical  practitioner  to  inspect  the  area,  and 
to  make  a  representation  to  them,  stating  the  facts  of  the  case,  and  whether, 
in  his  opinion,  the  area  or  any  part  of  it  is  or  is  not  an  unhealthy  area.  The 
local  authority  have  then  to  proceed  in  accordance  with  the  finding  of  that 
representation. 

Where  a  local  inquiry  is  directed,  the  confirming  authority  have  to  send 
an  officer  to  the  area  for  the  purpose  of  making  an  inquiry  into  the  correct- 
ness of  the  medical  officer's  official  representation  to  the  local  authority  as  to 
the  area  being  unhealthy,  and  into  other  matters. 

In  the  case  of  the  illness  or  unavoidable  absence  of  a  medical  officer  of 
health  a  duly  qualified  medical  practitioner  may  be  appointed  by  the  local 
authority  for  a  period  not  exceeding  six  months,  and  subject  to  the  approval 
of  the  confirming  authority. 

Part  II.  of  the  Act  deals  more  particularly  with  '  unhealthy  dwelling- 
houses,'  as  distinct  from  unhealthy  areas.  Under  this  it  becomes  the  duty  of 
the  medical  officer  of  health  of  every  district  to  represent  to  his  local  autho- 
rity any  dwelhng-house  which  appears  to  him  to  be  in  a  state  so  dangerous 
or  injurious  to  health  as  to  be  unfit  for  human  habitation. 

If  in  any  district  any  four  or  more  householders  living  in  or  near  to  any 
street  complain  in  writing  to  the  medical  officer  of  health  that  any  dwelling- 
house  in  or  near  that  street  is  in  a  condition  so  dangerous  or  injurious  to 
health  as  to  be  unfit  for  human  habitation,  he  is  obliged  to  inspect  it  forthwith, 
and  to  transmit  to  the  local  authority  the  complaint  which  he  has  received, 
together  with  his  opinion  upon  it.  If  he  is  of  opinion  that  the  dwelUng-house 
is  in  the  condition  described,  he  has  to  represent  it  to  the  local  authority. 

The  absence  of  any  such  complaint,  however,  does  not  excuse  him  from 
inspecting  any  dwelling-house  and  making  a  representation  upon  it  to  the  local 
authority. 

If  any  local  authority,  not  being  within  the  administrative  county  of 
London  or  not  being  a  rural  sanitary  authority,  neglects  to  take  action  for 
three  months  after  the  receipt  of  the  above  described  communications  from 
the  medical  officer  of  health,  the  householders  who  signed  the  complaint  may 
petition  the  Local  Government  Board  for  an  inquiry,  who,  after  that  has 
been  held,  may  order  the  local  authority  to  proceed  under  this  part  of  the  Act. 

It  is  incumbent  upon  every  local  authority  to  cause  to  be  made  from  time 
to  time  inspection  of  their  district,  with  a  view  to  ascertain  whether  any 
dwelling-house  within  it  is  in  a  state  so  dangerous  or  injurious  to  health  as 
to  be  unfit  for  human  habitation. 


758  HYGIENE 

The  conduct  of  this  inspection  will  devolve  upon  the  medical  officer  of 
health,  though  he  will  probably  receive  assistance  from  the  inspector  of 
nuisances  in  the  details  of  the  work. 

If  he  is  of  opinion  that  any  dwelling-house,  whether  occupied  or  not,  is 
unj&t  for  human  habitation,  he  will  make  a  representation  respecting  its  con- 
dition to  the  local  authority,  who  must  proceed  as  directed  by  the  Act. 

In  the  event  of  any  such  house  being  made  fit  for  human  habitation, 
however  temporarily,  he  must  admit  it  to  be  so,  in  spite  of  his  knowing  that 
the  improvements  cannot  be  of  a  lasting  character. 

If  he,  or  four  or  more  inhabitant  householders,  find  that  any  building 
within  his  district,  although  not  in  itself  unfit  for  human  habitation,  is  so 
situate  that  by  reason  of  its  proximity  to  or  contact  with  any  other  biiildings 
it  either — (a)  stops  ventilation,  or  otherwise  makes  or  conduces  to  make  such 
other  buildings  to  be  in  a  condition  unfit  for  human  habitation  or  dangerou.s 
or  injurious  to  health ;  or  (b)  prevents  proper  measures  from  being  carried 
into  effect  for  remedying  any  nuisance  injurious  to  health  or  other  evils  com- 
plained of  in  respect  of  such  other  buildings,  he  or  the  four  or  more  inhabi- 
tant householders  must  represent  to  the  local  authority  the  particulars 
relating  to  the  first-mentioned  building,  called  'an  obstructive  building,' 
stating  that  in  his,  or  their,  opinion  it  is  expedient  that  it  should  be  pulled 
down. 

Such  a  representation  must  be  dealt  with  by  the  local  authority  in  the 
manner  prescribed  by  the  Act. 

The  medical  officer  will  observe  that  an  obstructive  building  may  be  of 
any  class,  that  it  need  not  necessarily  be  used  for  human  habitation,  and 
further,  that  it  may  be  dealt  with  although  it  only  conduces  to  the  production 
of  the  unhealthy  conditions  complained  of ;  it  need  not  itself  be  the  sole 
cause  of  those  conditions,  neither  need  the  whole  of  it  be  implicated. 

The  evil  conditions  impHed  are  such  as  the  shutting  out  of  hght,  sunshine, 
and  air,  conducing  to  darkness,  dampness  of  site,  and  stagnation  of  air,  either 
within  or  around  the  building,  or  the  contraction  of  open  space  around 
buildmgs,  preventing  the  construction  of  necessary  out-offices,  or  conducing 
to  general  foulness  of  the  atmosphere. 

When  a  medical  officer  of  health  or  any  inhabitant  householders  make  a 
representation  or  complaint,  or  give  information  to  any  vestry  or  district 
board  in  the  administrative  county  of  London,  or  to  the  Local  Board  of 
Woolwich,  or  to  any  rural  sanitary  authority,  or  to  the  medical  officer  of 
such  authority,  respecting  any  dwelling-house  being  in  a  state  so  dangerous 
or  injurious  to  health  as  to  be  unfit  for  human  habitation,  or  respecting  an 
'  obstructive  building,'  or  where  a  '  closing  order  '  respecting  any  dwelling- 
house  is  made,  the  authority  is  required  to  send  a  copy  to  the  county  council, 
and  if  the  county  council,  having  received  the  prescribed  information 
respecting  the  matter,  are  of  the  opinion  that  the  district  authority  are  in 
default  in  the  performance  of  their  duties  under  this  part  of  the  Act,  they 
may,  after  giving  due  notice,  replace  that  authority,  and  themselves  take 
such  action  as  they  may  deem  necessary. 

In  that  event  their  medical  officer  will  have  to  advise  them  in  the  matter, 
and  for  the  purposes  here  named  he  has  the  same  right  of  admission  to  any 
premises  as  the  officers  of  the  '  district  authorities  '  have  for  the  purpose  of 
the  execution  of  their  duties  under  the  enactments  relating  to  pubHc  health, 
and  a  justice  may  make  the  like  order  for  enforcing  such  admission. 

When  a  medical  officer  of  any  county  makes  a  representation  to  the 
county  council,  and  they  forward  it  to  any  local  authority  in  their  county, 
except  a  borough  as  defined  by  the  Municipal  Corporations  Act,  1882,  it  has, 
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for  the  purposes  of  this  part  of  the  Act,  the  like  effect  as  a  representation 
from  the  medical  officer  of  health  of  the  district. 

In  these  respects  the  medical  officers  of  county  councils  have  acquired  a 
certain  control  over  medical  officers  of  health  of  local  authorities,  and  can  to 
the  specified  extent  supplant  them  in  their  offices.  They  will  have  to  exercise 
these  prerogatives  with  tact  and  discrimination,  in  order  that  friction  between 
those  officers  and  themselves  may  not  arise. 

Anything  a  medical  officer  has  to  do  under  Part  I.  or  Part  II.  may  be 
done  by  any  person  authorised  to  act  temporarily  as  such  officer. 

He  must  make  every  representation  in  pursuance  of  the  Act  in  writing. 

"When  a  medical  officer  of  health  makes  an  official  representation  to  the 
London  County  Council,  under  the  first  part  of  the  Act,  relating  to  not  more 
than  ten  houses,  he  will  be  directed  by  that  body  to  represent  the  case  to  the 
local  authority  under  the  second  part,  and  they  will  have  to  deal  with  it. 

Where  in  the  county  of  London  a  medical  officer  of  health  makes  a  re- 
presentation under  Part  II.  of  the  Act  to  any  local  authority,  and  they  con- 
sider the  matter  to  be  of  such  general  importance  to  the  county  of  London 
that  it  ought  to  be  dealt  with  under  Part  I. ;  or  where  an  official  representa- 
tion under  Part  I.  is  made  to  the  London  County  Council,  and  they  resolve 
that  the  case  is  not  of  general  importance  to  the  county  of  London,  and  that 
it  ought  to  be  dealt  with  under  Part  IL,  the  Secretary  of  State  may  direct  a 
local  inquiry  to  be  held  by  an  arbitrator,  who  will  report  to  him,  and  he  will 
then  decide  under  which  part  of  the  Act  the  case  is  to  be  proceeded  with. 
The  medical  officer  or  other  proper  officer  will  forthwith  have  to  make  the 
representation  necessary  for  proceedings  in  accordance  with  such  decision. 

The  London  County  Council  may,  with  the  consent  of  a  Secretary  of 
State,  appoint  one  or  more  legally  qualified  practitioner  or  practitioners,  for 
the  purpose  of  carrying  into  effect  any  part  of  the  Act ;  and  those  officers,  as 
well  as  any  medical  officer  of  health  appointed  by  that  council,  are  to  be 
deemed  to  be  a  medical  officer  of  health  of  a  local  authority  within  the  mean- 
ing of  the  Act. 

Part  III.  of  the  Act :  '  Working-classes  Lodging-houses.'  No  special 
duties  are  cast  upon  the  medical  officer  of  health  of  any  district  in  which  it 
may  have  been  adopted ;  but  a  lodging-house  established  under  this  part  of 
the  Act  must  at  all  times  be  open  to  the  inspection  of  the  local  authority  of 
the  district  in  which  it  is  situate,  or  of  any  officer  from  time  to  time  authorised 
by  such  authority.  It  is  possible  that  on  special  occasions  it  might  be 
desirable  for  the  medical  officer  to  be  so  authorised  to  inspect  any  such 
lodging-house  which  may  be  in  his  district.  He  might  also  be  called  upon 
to  advise  the  authority  in  framing  any  bye-laws  for  the  regulation  of  such 
houses,  or  to  assist  in  administering  any  which  may  be  in  force. 

In  order  to  determine  whether  any  houses  or  areas  within  his  district 
should  be  dealt  with  under  the  Act,  the  medical  officer  of  health  must 
ascertain  by  all  the  means  at  his  disposal  what  is  the  actual  state  of  the 
health  of  the  inhabitants,  so  that  he  may  be  in  a  position  to  produce  direct 
evidence  upon  that  point. 

It  may  be  premised  that  any  conditions  which  are  even  only  dangerous 
to  health  may  be  dealt  with. 

In  any  area  liable  to  be  brought  under  this  Act,  probably  a  generally  low 
condition  of  health  and  diseases  tending  to  unduly  shorten  life  will  be  rife, 
whilst  various  maladies  will  assume  a  low  type  ;  many  of  the  denizens  of  the 
squalid  dwellings  will  exhibit  a  saUow  complexion  and  stunted  growth,  and 
will  present  evidence  of  injurious  indulgence  in  stimulants,  for  their  miserable 
conditions  of  life  lead  to  excess  in  drink  and  other  vices ;  there  will  be  a  high 


760 


HYGIENE 


death-rate,  especially  from  zymotic  and  tubercular  diseases,  and  from  pulmo- 
nary affections  and  infantile  diarrhoea ;  the  mortality  from  those  causes  and 
the  infant  mortality  will  probably  far  exceed  that  of  the  more  favoured  parts 
of  the  district. 

In  forming  an  opinion  upon  these  points  the  medical  officer  will  be  guided 
by  the  returns  of  births  and  deaths,  with  which  he  should  always  be  regularly 
provided,  and  if  notification  of  infectious  diseases  is  compulsory  in  his  district 
he  will  be  greatly  helped  by  it.  With  regard  to  general  ailments,  he  may  be 
aided  by  the  returns  of  new  cases  of  sickness  amongst  paupers,  if  he  receives 
them ;  but  he  will  probably  endeavour  to  obtain  information  respecting  them 
from  any  medical  men  practising  in  those  particular  parts  of  the  district,  or 
from  the  officers  of  any  neighbouring  dispensaries,  hospitals,  or  other  public 
institutions,  and  by  direct  inquiries  made  amongst  the  inhabitants. 

A  striking  example  of  the  excessive  mortality  of  unhealthy  areas  is 
afforded  by  the  annexed  table,  giving  particulars  respecting  certain  blocks  of 
houses  in  Salford,  about  which  official  representations  under  Part  I.  of  the 
Act  of  1890  have  been  made  by  Mr.  C.  E.  Paget,  the  medical  officer  of  health, 
to  whom  the  writer  is  indebted  for  the  figures : — 


No.  of 
Block 

Houses 

Population 

People  per  acre, 

including  area 

of  streets  and 

courts 

Average  death-rates  per  1,000  persons  living 
for  five  years  1884-1888  inclusive 

Inhabited 

Un- 

inhabited 

From  all 
causes 

Prom  the  six 
principal  zy- 
motic diseases 
(excluding  diar- 
rhoea) 

Prom  pulmonary 
diseases,  includ- 
ing phthisis 

1 

2 

3 

4 
5 

132 

68 
77 
21 
19 

17 
16 

5 
21 

2 

615 

240 

110 

97 

68 

360 
377 
468 
233 
319 

57-9 
40-8 
78-2 
41-2 
52-9 

64-6 
64-6 
230 
23-0 
25-1 

5-9 
5-8 
14-5 
4-1 
8-8 

12-4 
6-2 
3-0 
3-7 
3-2 

2.5-4 
19-2 
21-8 
14-4 
14-7 

22-1 

31-0 

7-3 

6-1 

8-6 

In  the  same  localities  and  with  the  same  f  1889 
population  in  the  years                         \  1890 

In    the   whole   of    the   urban    sanitary  f  1888 
district  of  Salford  estimated  at  the  \  1889 
middle  of  1888,  1889,  and  1890           [  1890 

In  some  unhealthy  areas  in  Liverpool  reported  upon  by  Dr.  J.  Stopford 
Taylor,  the  average  death-rate  from  all  causes  per  1,000  of  the  population 
for  three  years  was  46*5,  that  of  the  whole  city  during  the  same  period 
having  been  23"7.  Dr.  Bate,  in  making  an  official  representation  respecting 
an  unhealthy  area  in  Bethnal  Green,  reported  that  the  rate  of  mortahty 
which  prevailed  in  it  was  nearly  double  that  of  the  parish  generally,  and  that 
the  mortahty  from  zymotic  and  tubercular  diseases  even  exceeded  that  pro- 
portion, as  shown  by  the  subjoined  statement : — 


Bethnal  Green, 

Eepresented  area, 

Represented  area, 

188G-1888 

1886-1888 

1889 

General  mortality 

.     22-8  per  1,000 

40-0  per  1,000 

40-13  per  1,000 

Zymotic  diseases 

.       3-7 

7-9 

10-71 

Tubercular  diseases     . 

.       3-9 

8-5 

7-26        „ 

Many  and  varied  are  the  conditions  which  may  tend  to  bring  single 
houses,  or  whole  courts,  alleys,  or  streets  within  the  purview  of  the  Act ;  no 
hard  and  fast  lines  can  be  laid  down  to  control  all  cases.  Houses,  for  instance, 
may  be  of  such  radically  defective  construction  as  to  be  past  remedy ;  their 
walls  may  be  of  stud  and  mud,'  of  lath  and  plaster,  of  wood  only,  of  old  worn- 
out  half -timber  framing,  of  but  four  and  a  half  inch  brickwork,  with  no 

'  Or  wattle  and  daub. 
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damp-proof  course,  the  pointing  probably  perished,  and  with  a  general  absence 
of  window-sills,  giving  rise  to  a  soddened  condition  from  rising  damp  and 
driving  rain,  and  so  causing  an  all-pervading  dampness,  mouldiness,  and 
fustiness.  Other  houses,  although  of  more  approved  original  construction, 
may  through  neglect,  misuse,  or  from  sheer  lapse  of  time,  have  become  so 
hopelessly  dilapidated,  with  roofs  leaking  and  ceilings  falling,  as  no  longer 
to  be  proof  against  wind  and  rain,  their  rickety  stairs  and  floors  endangering 
life  and  limb,  or  their  general  tumble-down  condition  making  it  an  impossibility 
for  them  to  be  kept  in  a  cleanly  and  healthy  state.  In  some,  the  floors,  perhaps 
below  the  ground  level,  may  be  paved  with  damp  rotten  bricks  or  tiles,  or 
may  have  nothing  to  cover  the  bare  earth,  or  if  there  be  boarded  floors  they 
may  be  laid  upon  the  earth,  or  there  may  be  an  entire  absence  of  ventilation 
beneath  them ;  perchance  the  basements  or  cellars  may  be  reeking  with 
moisture  and  abounding  with  fungoid  hfe,  and  may  be  used  as  unhealthy 
underground  dwellings.  Others,  again,  may  be  so  deficient  in  light  and  air, 
having  no  means  of  through  ventilation,  or  being  built  back  to  back,  as  to  be 
dangerous  to  health.  Some  may  be  found  hopelessly  overcrowded,  with  no 
chance  of  extra  dwelling  accommodation  being  provided  on  the  spot,  or  so 
filth-sodden  from  top  to  bottom  as  to  be  past  remedy  by  any  ordinary  process 
of  cleansing.  In  the  metropolis  the  absence  of  proper  water  fittings  may  be 
deemed  to  render  a  house  unfit  for  human  habitation.  There  may  be  insuf- 
flcient  closet  accommodation,  with  no  opportunity  of  having  proper  provision 
made.  The  paving  or  draining  of  the  yards  may  be  found  perished  or  want- 
ing, giving  rise  to  general  fouling  of  the  subsoil ;  or  the  open  space  about 
the  buildings  may  be  inadequate  for  the  maintenance  of  health. 

What  should  be  deemed  a  minimum  space  permissible  around  buildings 
may  be  gathered  from  the  bye-laws  on  the  subject  in  the  model  series  respecting 
new  streets  and  buildings  (No.  IV.)  issued  by  the  Local  Government  Board. 
The  requirements  of  those  for  every  new  domestic  building  are :  An  open 
space  in  front,  free  from  any  erection  above  the  level  of  the  ground,  except 
any  portico,  porch,  step,  or  other  Hke  projection  from  the  building,  or  any 
gate,  fence,  or  wall,  not  exceeding  seven  feet  in  height,  and  which  measured 
to  the  boundary  of  any  lands  or  premises  immediately  opposite,  or  to  the 
opposite  side  of  any  street  which  the  building  may  front,  shall,  throughout 
the  whole  line  of  frontage  of  the  building  extend  to  a  distance  of  at  least 
twenty-four  feet,  measured  at  right  angles  to  the  external  face  of  the  build- 
ing ;  and  in  the  rear  of  the  building  an  open  space  belonging  exclusively  to 
it,  and  of  an  aggregate  extent  of  not  less  than  150  square  feet,  free  from  any 
•erection  above  the  level  of  the  ground,  except  a  water-closet,  earth-closet,  or 
privy,  and  an  ashpit.  This  open  space  must  extend  laterally  throughout  the 
entire  width  of  the  building,  and  the  distance  across  it  from  every  part  of 
the  building  to  the  boundary  of  any  lands  or  premises  immediately  opposite 
or  adjoining  the  site  has  to  be  in  every  case  not  less  than  ten  feet,  however 
low  the  building  may  be. 

But  now  arises  the  question  of  a  definite  relation  between  the  depth  of 
the  open  space  and  the  height  of  the  building,  which  is  a  matter  of  much 
moment,  and  must  always  be  taken  into  consideration.  With  regard  to  this, 
the  bye-law  goes  on  to  state  that  when  the  height  of  the  building  is  fifteen 
feet  the  above-named  distance  of  open  space  must  also  be  at  least  fifteen  feet ; 
not  less  than  twenty  feet  when  the  building  is  twenty-five  feet  high  ;  and  at 
least  twenty -five  feet  if  the  building  is  thirty -five  feet  high  or  over.  It  would, 
however,  be  desirable  to  have  greater  open  space  in  connection  with  such 
very  high  buildings  as  are  provided  for  in  the  bye-laws,  extending  up  to  100 
feet. 
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The  height  of  the  building  has  to  be  measured  from  the  level  of  the  ground 
of  the  open  space  to  the  level  of  half  the  vertical  height  of  the  roof,  or  to  the 
top  of  the  parapet,  whichever  may  be  the  higher. 

A  better  plan,  and  one  which  deals  uniformly  with  all  houses,  whatever 
their  height,  is  that  which  is  in  force  in  Liverpool.  In  accordance  with  it 
an  open  space  ten  feet  in  depth,  and  extending  the  whole  width  of  the  structure, 
must  be  left  at  the  rear  of  every  new  house,  and  must  not  be  built  upon. 
Any  structure  may  be  erected  upon  the  rest  of  the  site  so  long  as  no  part  of 
it,  with  the  exception  of  chimneys,  dormers,  &c.,  is  allowed  to  extend  above 
an  imaginary  hne  drawn  from  the  posterior  boundary  of  the  premises  towards- 
the  house  at  an  angle  of  45°  with  the  horizon. 

This  regulation  has  been  proposed  for  new  dwelling-houses  in  London, 
and  has  been  ably  advocated  and  described  by  Dr.  Longstaff,  of  the  London 
County  Council,  as  may  be  seen  by  referring  to  p.  99  of  the  fourth  volume 
of  '  PubHc  Health.' 

Courts  or  alleys  may  be  found  situated  behind  a  front  row  of  buildings, 
having  at  neither  end  an  opening  of  full  width  extending  from  the  ground 
upwards,  the  sole  access  to  them  being  through  narrow  covered  passages, 
leading  to  bhnd  extremities. 

Probably  the  courts  are  too  narrow  ;  and  in  judging  of  that  the  previously 
quoted  bye-laws  will  again  serve  as  a  guide.  Under  those  it  would  be  im- 
possible to  construct  any  court  less  than  twenty-four  feet  wide,  or  more  than 
100  feet  long,  for  every  new  street  not  intended  for  use  as  a  carriage  road 
must  be  of  at  least  that  width,  and  must  not  exceed  that  length.  Every 
new  street  of  a  greater  length  must  be  constructed  for  use  as  a  carriage  road, 
which  has  to  be  at  least  thirty-six  feet  wide.  New  streets  of  every  descrip- 
tion are  required  to  have  an  entrance  at  one  end  at  least  of  their  full  width 
and  open  from  the  ground  upwards  without  any  obstruction. 

The  courts  or  alleys  may  be  found  to  be  surrounded  by  buildings  of 
great  height,  preventing  the  sun  from  ever  shining  in  them ,  and  shutting 
out  Hght  and  air  to  such  an  extent  that  wells,  as  it  were,  of  damp  stagnant 
air  are  formed ;  there  being  no  through  currents,  the  drying  and  cleansing 
action  of  winds  has  not  a  chance  of  playing  its  beneficial  part.  Thus 
dampness  of  site  is  fostered,  and  impure  products  of  respiration,  combustion,, 
and  decomposition  of  organic  refuse  cannot  be  freely  swept  away,  but  accu- 
mulate, to  add  to,  rather  than  to  displace,  the  foulness  of  the  air  inside  the 
dwelhngs. 

The  houses  may  be  badly  arranged,  without  any  regard  being  had  for 
healthiness  of  building  or  person.  Blocks  of  back-to-back  houses  may  fill 
the  middle  space  of  the  courts ;  and  if  the  houses  at  the  sides  are  not  con- 
structed in  that  fashion,  they  may  nevertheless  have  no  doors  or  windows 
at  their  backs,  there  probably  being  no  legal  right  for  any  to  be  opened  out 
in  them. 

Very  likely  many  of  the  houses  are  overcrowded,  being  sub -let  to  several 
famihes,  whilst  there  may  be  no  opportunity  of  providing  more  dwelling  ac- 
commodation upon  or  near  the  site. 

The  open  spaces,  originally  none  too  liberally  bestowed,  may  have  been 
subsequently  encroached  upon,  or  almost  obliterated,  by  the  erection  of  other 
buildings,  so  great  is  the  greed  of  some  owners,  utterly  regardless  of  the 
health  or  comfort  of  their  miserable  and  probably  helpless  tenants.  The 
density  of  the  population  may  thus  have  been  so  increased,  and  the  super- 
ficial area  for  each  individual  have  become  so  diminished,  as  to  be  produc- 
tive of  disease,  persons  and  houses  being  massed  together  without  regard  ta 
the  laws  of  health. 
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The  closet  accommodation  may  be  inadequate,  and  yet,  from  want  of  space, 
there  may  be  no  chance  of  improving  it. 

Defective  drainage,  or  uneven  paving  of  the  whole  place,  may  lead  to  a 
prevailing  state  of  filth  or  of  dampness,  whilst  some  sites  may  be  so  wet  from 
natural  causes  as  to  be  dangerous  to  health. 

In  some  situations  an  impossibihty  of  providing  a  proper  supply  of  water 
may  add  to  the  unhealthiness  of  the  places,  and  may  become  a  factor  in  de- 
ciding the  question  of  procedure. 

Some  of  the  evils  may  be  found  to  be  due  to,  or  to  be  partially  caused  by, 
*  obstructive  buildings,'  and  if  the  medical  officer  of  health  is  of  opinion  that 
they  should  be  pulled  down,  for  the  benefit  of  the  health  of  the  inmates  of 
the  neighbouring  dwellings,  even  though  they  are  not  in  themselves  unfit  for 
human  habitation,  he  must  make  the  necessary  representation  thereon  to  the 
local  authority. 

The  unhealthiness  of  an  area  may  be  caused  or  aggravated  by  bad  arrange- 
ments of  the  streets  within  its  limits,  owing  to  narrowness  or  excessive  tortu- 
osity. Thus  in  an  unhealthy  area,  in  Bethnal  Green  and  Shoreditch,  dealt 
with  under  the  Act  of  1890  by  the  London  County  Council,  the  streets  varied 
in  width  from  only  eighteen  to  twenty-eight  feet. 

With  high  buildings  extreme  narrowness  of  streets  becomes  a  still  more 
serious  blemish ;  so  that  the  relation  between  the  elevation  of  buildings  and 
width  of  streets  is  an  important  consideration  in  the  condemnation  of  any 
area. 

In  any  improvement  scheme  under  this  Act  all  new  streets  should  be  of 
ample  width,  and  there  should  be  some  relation  between  their  width  and 
the  height  of  the  proposed  new  buildings,  in  order  that  adequate  open  space 
may  be  secured  for  any  class  of  buildings  which  may  be  erected. 

It  is  amongst  some  such  conditions  as  those  which  have  been  discussed 
that  we  must  look  to  enable  us  to  deal  with  any  houses  or  areas  under  the 
Act ;  but  it  must  not  be  imagined  that  all,  or  even  the  larger  proportion  of 
them,  must  be  found  before  we  can  take  action.  No  definite  rules  can  be 
laid  down  to  meet  all  cases  ;  the  medical  officer  must  use  his  discretion  in 
the  matter.  When  he  has  made  an  official  representation  it  will  rest  with 
the  sanitary  authority  to  decide  whether  the  buildings  in  question  are  in  a 
state  to  be  made  good,  or  whether  they  should  take  steps  to  have  them  de- 
molished. 

In  metropolitan  districts  it  will  have  to  be  decided  whether  any  particular 
case  is  to  be  dealt  with  under  Part  I.  or  under  Part  II.  of  the  Act.  In  coming 
to  a  decision  as  to  what  advice  he  should  give  on  this  point,  the  medical 
officer  of  health  must  be  guided  by  considerations  arising  from  the  general 
attending  circumstances. 

If  the  case  is  not  of  general  importance  to  the  metropolis,  the  houses  im- 
plicated being  but  few  in  number,  their  unhealthy  influence  being  circum- 
scribed and  localised,  affecting  the  inmates  of  the  houses  rather  than  the 
inhabitants  of  a  more  extended  area  ;  if  the  evils  can  be  cured  by  the  pulling 
down  of  any  '  obstructive  building  ; '  if  the  benefits  arising  from  the  improve- 
ment of  the  houses,  or  from  the  demolition  of  them,  or  of  any  '  obstructive 
buildings,'  or  from  the  dedication  as  highways  or  open  spaces  of  the  ground 
previously  occupied  by  the  buildings,  would  apply  to  the  inhabitants  of  the 
neighbouring  houses,  but  would  not  be  calculated  to  extend  beyond  the 
limited  area  affected  ;  if  tbe  reconstruction  of  the  houses  more  or  less  upon 
their  former  sites  would  effectually  remedy  the  evils,  if,  in  fact,  the  area 
comprising  the  buildings  is  too  small  to  be  dealt  with  as  an  unhealthy  area, 
under  Part  I.,  and  more  particularly  if  the  site  is  so  small  as  to  necessitate 
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but  an  inconsiderable  provision  of  dwelling  accommodation  for  rehousing  the 
displaced  persons  of  the  working  class,  then  he  will  advise  proceeding  under 
Part  II.  of  the  Act. 

If,  on  the  other  hand,  he  finds  the  case  is  of  general  importance ;  that 
many  houses  have  to  be  dealt  with,  or  that  the  construction  and  arrange- 
ments of  whole  courts,  aUeys,  or  streets  are  intrinsically  bad  from  original 
defects  of  design  or  from  subsequent  over-building,  several  owners  perhaps 
being  concerned  in  the  property  and  no  one  of  them  having  the  power  by 
himself  to  make  the  necessary  alterations  ;  that  the  unhealthy  conditions  of 
life  thereby  engendered  are  a  standing  menace  to  a  more  extended  area  ;  that 
the  demolition  of  a  few  houses  will  not  suffice,  but  that  nothing  short  of  a 
clean  sweep  and  rearrangement  and  reconstruction  of  the  whole  or  a  part  of 
the  streets  and  houses  in  the  area  will  satisfy  the  requirements  of  the  case  ; 
and  that  a  large  portion  of  the  district  would  reap  a  direct  or  indirect  benefit 
from  an  improvement  scheme,  he  wiU  find  that  the  provisions  of  Part  I.  will 
have  to  be  resorted  to,  especially  if  the  scheme  is  so  large  as  to  require  an 
extensive  rehousing  of  the  displaced  inhabitants. 

Overcrowding,  do. — It  will  be  the  duty  of  the  medical  officer  to  promote 
the  steps  necessary  for  the  abatement  of  any  overcrowding  in  houses,  or 
other  nuisances  in  connection  with  dwellings,  endangering  health  in  his 
district. 

In  the  metropolis  he  has  to  certify  to  the  sanitary  authority  that  any 
house  is  overcrowded  before  they  can  take  proceedings  for  abating  the  over- 
crowding. 

There  are  ample  powers  for  preventing  overcrowding  ;  but  it  is  a  complex 
subject,  and  not  infrequently  a  very  difficult  one  to  deal  with  effectually. 
Often  there  will  be  found  an  insufficiency  of  dwelling  accommodation  for  the 
working  classes,  or,  owing  to  dire  poverty  or  high  rents,  the  working  man 
with  a  large  family  finds  it  quite  beyond  his  means  to  procure  sufficient  ac- 
commodation. Under  such  circumstances  the  efforts  of  the  medical  officer 
to  prevent  overcrowding  may  be  rendered  nugatory,  or,  even  if  he  succeeds 
in  eradicating  it  in  one  place,  the  result  may  be  simply  to  perpetuate  the 
evil  in  another  part.  He  must,  therefore,  use  discretion  in  dealing  with 
these  cases,  and  have  regard  to  all  the  attending  circumstances  of  the  dis- 
tricts in  which  they  are  found.  He  should  endeavour  to  secure  300  cubic 
feet  for  each  occupant  of  a  bed-room. 

The  laws  relating  to  pubhc  health  do  not  take  cognisance  of  destitution, 
or  of  questions  of  morality,  except  so  far  as  they  permit  bye-laws  to  be  made 
for  the  separation  of  the  sexes  in  certain  lodgings  and  in  canal  boats  used  as 
dwellings ;  nevertheless,  when  any  such  instances  come  within  the  medical 
officer's  ken  he  will  do  well  to  bring  them  to  notice  in  the  appropriate  quarters. 
In  any  urban  or  rural  sanitary  district  the  medical  officer  may  certify  to 
the  local  authority,  under  the  46th  section  of  the  Public  Health  Act,  1875, 
that  any  house  or  part  of  a  house  is  in  such  a  filthy  or  unwholesome  con- 
dition that  the  health  of  any  person  is  endangered  ;  the  authority,  if  satisfied 
of  the  correctness  of  the  certificate,  must  then  get  it  whitewashed,  cleansed, 
or  purified,  as  the  case  may  require. 

Where  bye-laws  with  respect  to  the  closing  of  buildings  or  parts  of  build- 
ings unfit  for  human  habitation,  and  to  prohibition  of  their  use  for  that  pur- 
pose, are  in  force,  the  medical  officer  may  have  to  report  to  the  sanitary 
authority  on  any  such  buildings  erected  after  the  date  of  confirmation  of 
the  bye-laws,  and  to  certify  that  the  buildings  or  part  thereof  are  unfit  for 
human  habitation,  so  as  to  enable  the  authority  to  give  the  necessary  notice 
and  order  for  enforcing  those  bye-laws.     The  considerations  which  would 
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guide  him  in  this  matter  are  such  as  have  already  been  discussed  in  connec- 
tion with  unhealthy  dwellings. 

When  in  the  metropolis  or  in  any  urban  sanitary  district  the  medical 
officer  becomes  aware  of  any  ruinous  or  dangerous  buildings  he  will  do  well 
to  report  them  without  delay  to  the  surveyor,  who  will  then  take  such  pro- 
ceedings as  may  be  required. 

Cellar  dwellings  in  urban  and  rural  sanitary  districts  are  under  the  con- 
trol of  the  respective  sanitary  authorities.  Sections  71  to  75  of  the  Public 
Health  Act,  1875,  relate  to  this  subject ;  the  medical  officer  of  health  is  not 
named  in  them,  but  if  he  finds  within  his  district  any  cellar  dwelling  occu- 
pied in  contravention  of  them  he  should  see  that  the  offence  is  discontinued, 
or  should  report  the  matter  to  the  local  authority. 

Underground  rooms  occupied  as  dwellings  in  the  metropolis  are  subject 
to  the  control  of  the  sanitary  authorities,  and  are  dealt  with  under  sections 
96  to  98  of  the  Public  Health  (London)  Act,  1891.  The  medical  officer 
may,  amongst  other  officers,  be  appointed  by  the  sanitary  authorities  to 
report  to  them  all  cases  in  which  underground  rooms  are  occupied  contrary 
to  the  Act,  and  in  that  event  he  will  be  able  to  enter  and  inspect  them  at 
any  hour  by  day,  or  between  any  hours  specified  in  the  warrant  of  a  justice, 
if  the  occasion  should  arise  for  him  to  obtain  one. 

Common  lodging-houses  are  placed  under  the  control  of  both  urban  and 
rural  sanitary  authorities  by  sections  76  to  89  inclusive  of  the  Act  of  1875. 
The  systematic  inspection  of  them  will  not  fall  to  the  lot  of  the  medical 
officer  of  health,  but  he  should  make  himself  practically  acquainted  with  all 
that  may  be  within  his  district,  and  should  be  not  only  able  but  willing  at 
all  times  to  assist  the  inspector  of  them  with  his  advice  respecting  any  ques- 
tions that  may  arise  in  connection  with  them. 

A  house  cannot  be  registered  as  a  common  lodging-house  until  it  has 
been  inspected  and  approved  for  the  purpose  by  some  officer  of  the  local 
authority ;  and  probably  the  medical  officer  will  have  to  inspect  any  house 
in  his  district  proposed  to  be  registered  as  such,  and  to  express  to  the 
authority  his  approval  or  disapproval  of  it  for  the  purpose,  as  the  case  may 
require.  What  should  be  the  nature  of  the  inspection  and  what  conditions 
should  influence  him  in  giving  or  withholding  his  approval  of  any  house  are 
tersely  given  in  the  preface  of  the  Local  Government  Board  to  their  model 
bye-laws  for  common  lodging-houses  (Series  No.  HI.).  In  that  they  say : — 
'  The  numbers  for  which  the  house  and  each  sleeping  room  may  be  registered 
will  depend,  partly  upon  the  dimensions  of  the  rooms  and  their  faciUties  for 
ventilation,  and  partly  upon  the  amount  of  accommodation  of  other  kinds. 
In  rooms  of  ordinary  construction  to  be  used  for  sleeping,  where  there  are  the 
usual  means  of  ventilation  by  windows  and  chimneys,  about  300  cubic  feet 
wiU  be  a  proper  standard  of  space  to  secure  to  each  person ;  but  in  many 
rooms  it  will  be  right  to  appoint  a  larger  space,  and  this  can  only  be  determined 
on  inspection  of  the  particular  room.' 

The  medical  officer  of  health  must  be  prepared  to  advise  the  local  autho- 
rity on  any  points  relating  to  health  involved  in  the  framing  and  execution 
of  any  bye-laws  for  the  regulation  of  common  lodging-houses  which  they 
may  make  under  the  powers  of  the  Public  Health  Act.  It  is  to  him  that  the 
keepers  of  those  houses  have  to  give  notice  when  any  person  is  ill  of  fever 
or  any  infectious  disease  within  them.  He  is  to  have  free  access  at  all  times 
to  the  whole  or  any  part  of  a  common  lodging-house. 

Houses  let  in  lodgings,  other  than  common  lodging-houses,  in  the  metro- 
poHs  and  in  any  urban  or  rural  sanitary  district,  may  be  regulated  by  bye- 
laws,  in  respect  of  which  the  medical  officer  of  health  may  have  to  advise  the 
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local  authority,  and  under  whicii  lie  will  have  power  of  entry  into  such 
houses.  It  is  not  easy  to  define  what  class  of  houses  should  be  included  under 
this  heading  ;  better  class  lodging-houses,  of  course,  cannot  be  included. 

The  Local  Government  Board  have  attemx^ted  to  solve  the  question  by 
inserting  in  their  series  of  model  bye-laws  (No.  XIII.)  an  exemption  clause, 
relating  to  both  unfurnished  and  furnished  houses,  which  assumes  that  all 
houses  below  a  certain  rateable  value  will,  if  let  in  lodgings  or  occupied  by 
members  of  more  than  one  family,  be  within  the  scope  of  the  bye-laws  ;  and 
which  confers  exemption  in  the  case  of  houses  of  higher  rateable  value,  if 
the  rent  of  each  lodger  exceeds  a  certain  minimum. 

It  is  intended  that  every  local  authority  should  determine  for  themselves 
what  limits  of  rateable  value  and  rents  the  cncumstances  of  their  district 
would  require  to  be  fixed  upon  ;  but  this  is  not  a  satisfactory  solution  of  the 
difficulty,  and  it  still  remains  for  one  to  be  devised.  In  the  St.  Giles's 
District,  London,  the  regulations  as  to  lodging-houses  require  that  the 
clerk  of  the  authority  shall  keep  a  register  of  all  lodging-houses  in  the 
district  which  the  authority  shall  have  directed  to  be  entered  upon  it. 
Dr.  Lovett,  the  medical  officer  of  health,  states  that  the  regulations  are 
appHed  only  to  the  poorer  tenements,  of  which  some  553  are  registered,  and 
that  rateable  value  has  nothing  to  do  with  the  question.  He  picks  out  the 
streets  and  houses  and  asks  the  sanitary  committee  to  put  them  under  the 
regulations,  which  were  made  in  1887,  after  the  authority  had  failed  in  an 
attempt  to  enforce  some  they  had  previously  framed  on  the  basis  of  the  model 
bye-laws  above  alluded  to.  These  regulations  have  been  carried  out  without 
friction  and  with  satisfaction  to  the  authority. 

Tents,  vans,  sheds,  and  similar  structures  used  for  human  habitation,  are 
now  under  the  control  of  metropoHtan,  urban,  and  rural  sanitary  authorities. 
Bye-laws  may  be  made  for  promoting  their  cleanliness  and  habitable  condi- 
tion, for  preventing  the  spread  of  infectious  disease  by  the  persons  mhabiting 
them,  and  generally  for  the  prevention  of  nuisances  in  connection  with  them. 
The  medical  officer  of  health  may  be  called  upon  to  advise  the  local  authority 
on  points  relating  to  the  framing  and  execution  of  such  bye-laws.  He  must 
bear  in  mind  that  he  will  have  no  concern  with  any  tent,  van,  shed,  or  struc- 
ture, erected  or  used  by  any  portion  of  Her  Majesty's  military  or  naval  forces. 

He  may  also  have  to  advise  the  authority  of  an  urban  or  rural  sanitary 
district,  on  any  matters  affecting  health,  involved  in  the  compilation  and 
execution  of  any  bye-laws  they  may  make,  under  the  Pubhc  Health  Act,  1875, 
for  securing  the  decent  lodging  and  accommodation  of  hop-pickers,  or  under 
the  Pubhc  Health  (Fruit  Pickers'  Lodgings)  Act,  1882,  for  securing  the 
decent  lodging  and  accommodation  of  persons  engaged  in  the  picking  of  fruit 
and  vegetables. 

The  Local  Government  Board  have  issued  a  model  series  of  bye-laws  for  the 
former,  aud  have  sanctioned  bye-laws  for  the  latter  pm-pose,  but  neither  in 
them  nor  in  the  Acts  under  which  they  are  fi-amed  is  the  medical  officer  of 
health,  or  any  other  officer,  authorised  to  enter  any  structure  for  the  purpose 
of  inspection,  or  of  enforcing  such  bye-laws ;  whatever  power  of  entry  to 
tents,  sheds,  &c.,  used  for  human  habitation,  he  possesses,  is  derived,  in 
urban  and  rural  sanitary  districts,  from  the  Housing  of  the  Working  Classes 
Act,  1885,  but  that  does  not  refer  to  bye-laws  made  under  the  above-named 
statutes. 

Seamen's  lodging-houses  may  be  controlled  by  bye-laws  made  under  the 
Merchant  Shipping  (Fishing  Boats)  Act,  1883,  by  the  London  County 
Council,  and,  outside  London,  by  any  sanitary  authority  within  whose  district 
any  seaport  town  is  situated.     Those  bye-lays  may  provide,  amongst  other 
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things,  for  the  inspection  and  sanitary  conditions  of  the  houses  ;  and  may 
confer  power  of  entry  into  them,  upon  the  medical  officer  of  health,  who 
might  be  called  upon  to  assist  the  authority  with  reference  to  any  questions 
of  health  in  connection  with  them. 

Canal  boats  used  as  dwellings  are  subject  to  registration,  and  to  regula- 
tions made  by  the  Local  Government  Board,  under  the  provisions  of  the  Canal 
Boats  Acts,  1877  and  1884.  The  medical  officer  of  health  may,  if  duly 
authorised  by  a  registration  or  sanitary  authority,  or  by  a  justice  of  the  peace^ 
on  producing  (if  demanded)  a  copy  of  his  authorisation,  signed  by  the  clerk 
or  a  member  of  the  authority,  or  some  other  sufficient  evidence  of  his  being 
so  authorised,  enter  by  day,  that  is  between  six  o'clock  in  the  morning  and 
nine  o'clock  at  night,  any  canal  boat  in  order  to  ascertain  whether  there  is 
on  board  any  contravention  of  the  Acts  or  any  person  suffering  from  an  in- 
fectious disorder,  if  he  has  reasonable  cause  to  suppose  such  to  be  the  case  j 
and  he  may,  if  need  be,  detain  the  boat  for  the  purpose,  but  for  no  longer 
time  than  is  necessary. 

Exemption  from  inhabited  house  duty  of  houses  used  solely  for  providing 
separate  dwelHngs  at  small  specified  rents,  and  a  reduction  of  the  duty  in  some 
instances,  are  provided  for  by  the  Customs  and  Inland  Eevenue  Acts,  1890 
and  1891,  but  there  is  required  for  that  purpose  the  certificate  of  a  medical 
officer  of  health,  to  the  effect  that  any  such  house  is  so  constructed  as  to 
afford  suitable  accommodation  for  each  of  the  families  or  persons  inhabiting 
it,  and  that  due  provision  is  made  for  their  sanitary  requirements. 

On  the  request  of  the  person  who  would  be  liable  to  pay  the  duty,  if  it 
were  not  remitted,  the  medical  officer  must  examine  the  house  for  the  purpose 
of  ascertaining  whether  such  a  certificate  can  properly  be  given,  and  if  he 
finds  it  is  constructed  so  as  to  afford  such  accommodation  and  sanitary 
requirements,  he  must  certify  to  that  effect.  He  cannot  charge  any  fee  for 
the  examination  or  certificate  ;  but  if  much  extra  work  is  thrust  upon  him 
in  carrying  out  this  duty,  the  sanitary  authority  may,  if  they  think  fit,  grant, 
him  some  extra  remuneration  ;  and  if  they  consider  that  his  ordinary  duties 
would  be  interfered  with  thereby,  they  may  appoint  some  other  properly 
qualified  medical  practitioner  for  the  purpose. 

A  new  and  invidious  duty  has  thus  been  thrown  upon  the  medical  officer, 
which  he  must  exercise  judiciously,  bearing  in  mind  that  there  is  no  appeal 
from  his  decision.  On  the  one  hand,  he  must  not  be  too  exacting  in  his 
requirements  in  dealing  with  old  property,  but,  on  the  other  hand,  he  must, 
not  be  too  lenient  in  granting  certificates.  The  Local  Government  Board 
have  stated  that  they  do  not  consider  a  certificate  under  these  Acts  '  should 
be  construed  as  meaning  that  the  sanitary  requirements  are  perfect  in  every 
detail  according  to  the  latest  development  of  sanitary  science.' 

The  water-supply  of  his  district  will  naturally  engage  the  attention  of 
the  medical  officer  of  health,  and  he  will  f  reqently  be  called  upon  to  advise  the 
local  authority  upon  various  points  in  connection  with  it. 

It  behoves  him  to  bestow  much  thought  and  attention  upon  a  matter  so 
vitally  affecting  the  public  health.  Where  works  have  been  established  by  a 
local  authority  or  by  a  private  company,  there  will  not  be  much  difficulty  in 
securing  a  general  supply,  if  the  source  of  the  water  is  a  safe  one  ;  but  it  is 
often  far  otherwise  in  rural  or  small  urban  districts,  where  the  cost  of 
initiating  a  proper  supply,  owing  to  natural  obstacles  in  the  way  of  reaching 
suitable  water,  may  be  prohibitory.  In  that  case  possibly  the  most  he  can 
do  will  be  to  endeavour  to  improve  the  surroundings  of  the  wells  yielding 
dangerous  water,  though  he  will  often  find  that  the  result  wiU  be  anything 
but  reassuring.      To  recommend  that  a   well  which  yields  impure  water 
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should  be  merely  cleaned  out  in  order  to  prevent  the  pollution,  as  is  some- 
times done,  indicates  an  entire  want  of  practical  experience  in  the  matter.  We 
have  known  such  advice  to  be  given  and  followed,  with  the  melancholy  result 
that  the  well  has  yielded  worse  water  after  the  cleansing  operation  than  it  did 
before.  It  is  not  what  is  in  the  well  that  contaminates  the  water,  unless 
indeed  there  may  be  any  dead  animal  in  it,  but  it  is  the  filth-sodden  soil 
through  which  the  water  has  to  pass  on  its  way  into  the  well  which  renders 
it  impure ;  and  that  condition  remains  unaffected  by  the  cleansing  of  the  well. 
In  thickly  inhabited  parts,  surface  weUs  rarely  yield  reasonably  safe  water, 
and  when  the  medical  officer  finds  this  to  be  the  case,  it  vdll  be  his  duty  to 
urge  the  local  authority  to  provide  an  extraneous  supply  of  water  whenever 
XDracticable. 

Under  the  62nd  section  of  the  PubUc  Health  Act,  1875,  any  urban  or 
rural  sanitary  authority  may,  on  the  report  of  their  surveyor,  require 
houses  to  be  supplied  with  water  in  certain  cases.  It  must  be  observed  that 
if  a  medical  oificer  of  health  were  to  report  that  any  house  in  his  district 
was  without  a  proper  supply  of  water,  the  local  authority  could  not  take  action 
under  that  section,  since  it  mentions  only  the  report  of  the  surveyor,  although 
the  one  officer  would  probably  be  as  capable  of  gi^ing  a  correct  opinion  upon 
the  subject  as  the  other.  In  rural  sanitary  districts,  however,  the  medical 
officer  of  health  may  report  to  the  local  authority  any  occupied  dweUing- 
house  which  has  not  an  available  and  sufficient  supply  of  wholesome  water, 
in  the  manner  to  be  presently  described. 

Local  authorities  can  take  legal  proceedings  for  closing,  or  otherwise 
deahng  with,  any  pubhc  or  private  well,  tank,  or  cistern,  or  public  pump 
yielding  water  likely  to  be  used  by  man  for  drinking  or  domestic  purposes, 
or  for  manufacturing  drink  for  the  use  of  man,  which  is  so  polluted  as  to  be 
injurious  to  health.  The  representation  required  for  the  institution  of  those 
proceedings  may  be  made  to  the  authority  by  a  medical  officer  of  health  in  the 
metropolis  under  the  54th  section  of  the  Public  Health  (London)  Act,  1891,  and 
in  urban  and  rural  sanitary  districts  under  the  70th  section  of  the  Public 
Health  Act,  1875. 

The  Public  Health  (Water)  Act,  1878,  is  in  force  in  rural  sanitary 
districts  only,  unless  the  Local  Government  Board  have  invested  the  autho- 
rity in  an  urban  sanitary  district  with  any  powers  and  duties  of  a  rural 
sanitary  authority  under  the  Act,  and  if  they  are  not  so  invested  their 
medical  officer  of  health  can  take  no  action  under  it. 

The  medical  officer  in  a  rural  sanitary  district  may  have  to  report  to  the 
local  authority  any  occupied  dwelling-house  which  has  not  within  a  reason- 
able distance  an  available  supply  of  wholesome  water  sufficient  for  the  con- 
sumption and  use  for  domestic  purposes  of  the  inmates,  and  then  the 
authority  must  act  in  accordance  with  the  3rd  section  of  the  Act.  In  the  case 
of  dwelhng-houses  erected  or  rebuilt  after  March  25,  1879,  he  will  have  to 
advise  the  authority  as  to  whether  there  is  provided  an  available  and 
sufficient  supply  of  wholesome  water,  so  as  to  guide  them  in  giving  or  with- 
holding their  certificate  under  the  6th  section,  which  the  owners  of  such  houses 
must  obtain  before  they  can  be  legally  occupied.  He  may  have  to  ascertain 
the  condition  of  the  water-supply  of  the  district  for  the  guidance  of  the 
sanitary  authority. 

If  he  has  reasonable  ground  for  believing  that  any  occupied  dwelling-house 
within  the  district  is  without  a  sufficient  supply  of  wholesome  water,  he  must 
be  admitted,  between  nine  in  the  forenoon  and  six  in  the  afternoon,  into  the 
premises  for  which  the  supply  is  required,  or  from  which  the  water-supply 
may  be  derived,  for  the  purpose  of  ascertaining  whether  or  not  the  house  has 
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such  a  supply  within  a  reasonable  distance.  For  the  purposes  of  this  admis- 
sion sections  102  and  103  of  the  Public  Health  Act,  1875,  apply  in  the  same 
manner  as  if  the  admission  were  necessary  for  the  purpose  of  examining  as 
to  the  existence  of  any  nuisance  on  the  premises. 

A  certificate  respecting  the  water-supply  of  every  house  built,  or  rebuilt, 
after  the  commencement  of  the  Public  Health  (London)  Act,  1891,  is  required 
also  in  all  metropohtan  districts ;  and  there  the  medical  officer  of  health 
may  have  to  report  any  occupied  house  without  a  proper  water-supply  as 
being  a  nuisance  and  unfit  for  human  habitation. 

Analysis  of  water  and  air  does  not  fall  within  the  duties  of  the  medical 
officer  of  health  ;  this  has  been  decided  by  the  Local  Government  Board  on 
various  occasions.  In  1874  they  wrote  to  a  sanitary  authority  :  '  The  Board 
understand  the  question  of  the  guardians  to  be  whether  it  forms  part  of  the 
duty  of  the  medical  officer  of  health  to  make  a  chemical  analysis  of  water, 
and,  having  given  the  matter  their  careful  consideration,  they  are  of  opinion 
that  he  cannot  be  required  to  undertake  such  an  examination  as  that 
referred  to.' 

Eeplying  to  an  inquiry  from  a  person  in  1887,  they  stated  that,  '  while  it 
is  the  duty  of  the  medical  officer  of  health  to  inform  himself  as  to  the 
character  of  the  water-supplies  in  his  district,  and  for  this  purpose  to  use,, 
where  needful,  the  ordinary  chemical  tests  of  the  purity  or  otherwise  of  the 
water,  he  is  not  required  to  make  a  quantitative  analysis  of  the  water.  If  this 
is  required,  such  analysis  should,  in  the  absence  of  any  special  arrangement 
between  the  sanitary  authority  and  the  medical  officer  of  health,  be  procured 
£com  an  analytical  chemist.'  Again,  in  the  same  year,  the  Board's  secretary 
wrote  to  a  sanitary  authority :  '  With  reference  to  the  proposal  to  require 
the  medical  officer  of  health  to  make  chemical  analyses  of  water,  I  am  directed 
to  state  that,  while  it  is  the  duty  of  the  officer  to  inform  himself  as  to  the 
character  of  the  water-suppHes  ia  the  district,  and  for  this  purpose  to  use, 
where  needful,  the  ordinary  chemical  tests  of  the  purity  or  otherwise  of  the 
water,  he  is  not  required  to  make  a  quantitative  analysis  of  the  water.  If 
this  is  required,  such  analysis  should,  ia  the  absence  of  any  special  arrange- 
ment between  the  sanitary  authority  and  the  medical  officer  of  health,  be 
procured  from  an  analytical  chemist.  The  Board  do  not  consider  it  ex- 
pedient to  require  analysis  of  air  from  medical  officers  of  health  part  of 
whose  salaries  are  repaid  by  them  out  of  the  Parhamentary  grant.' 

But  the  less  the  medical  officer  relies  upon  such  a  broken  reed  as  those 
ordinary  chemical  tests,'  whatever  they  may  be,  the  better  will  it  be  for  his 
own  reputation  and  for  the  weU-being  of  his  district,  inasmuch  as  they  have 
often  been  the  means  of  causing  medical  officers  of  health  to  make  gross 
blunders  in  regard  of  the  quality  of  water  which  they  have  professed  to 
analyse  or  examine. 

Generally  speaking,  the  less  the  medical  officer  of  health  has  to  do  with  the 
analysis  of  water  the  better  it  will  be  for  him,  and  he  wiU  find  that  if  once 
the  public  imagine  they  have  the  right  to  have  their  water-suppHes  analysed 
by  him,  his  whole  time  may  be  taken  up  in  satisfying  their  curiosity.  He 
must  not  trust  too  imphcitly  to  the  results  of  analysis,  but  should  often  be 
guided  rather  by  consideration  of  the  general  conditions  under  which  the 
source  of  the  water  is  placed,  and  the  possibUity  of  its  being  subjected  to  the 
chance  of  dangerous  contamination.  Because  a  water  may  afford  fairly  good 
analytical  results  at  one  time  is  no  proof  that  at  others  it  may  not  be  unsafe 
or  injurious.  He  should  make  himself  intimately  acquainted  with  the  natural 
composition  of  the  water  derived  from  any  different  geological  formations 
there  may  be  within  his  district ;  he  will  thus,  and  thus  only,  be  in  a  position 
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to  put  a  reliable  construction  upon  the  results  of  every  analysis  of  water 
derived  therefrom,  inasmuch  as  very  shght  deviations  from  those  natural 
standards  may  be  sure  indicators  of  danger  ;  and  he  must  be  ever  mindful 
that  the  analysis  of  water,  taken  by  itself,  may  furnish  valuable  liositive,  but 
not  always  reliable  negative,  evidence  as  to  danger  and  pollution. 

Sewerage  and  Drainage. — There  are  no  statutory  duties  imposed  upon 
the  medical  officer  of  health  under  this  headmg,  but  he  must  be  well  ac- 
quainted with  the  general  principles  of  modern  sewerage  and  house  drainage ; 
he  must  understand  the  conditions  which  are  hable  to  render  them  dangerous 
to  health,  and  must  be  able  to  point  out  the  directions  in  which  the  remedies 
for  such  defects  are  to  be  sought ;  whilst  at  the  same  time  he  must  carefully 
avoid  going  beyond  his  own  duties  or  trenching  upon  those  of  the  surveyor 
or  engineer  in  those  matters.  He  must  be  competent  to  advise  the  local 
authority  upon  the  requirements  of  their  district  in  these  respects.  It  is  a 
question  he  will  find  often  needing  earnest  consideration,  for  while  in  thickly 
populated  tovms  there  can  be  no  question  as  to  the  necessity  of  providing 
sewerage,  it  is  frequently  a  much  more  difficult  matter  to  decide  in  smaller 
urban  districts  and  villages,  where  local  circumstances  or  difficulties  in  the 
v^ay  of  readily  purifying  sewage  may  be  such  as  to  entail  an  expenditure 
which  could  not  be  borne  in  the  event  of  such  works  being  made.  Take,  for 
instance,  the  case  of  a  small  place  where  the  only  natural  outlet  would  be 
into  a  river  ;  if  it  were  sewered,  the  sewage  could  not  be  conveyed  into  the 
river  in  an  unpurified  state,  because  that  would  be  illegal,  so  the  necessity 
of  pumping  it  would  arise,  and  thus  not  only  would  there  be  an  additional 
initial  expenditure  for  erecting  the  pumping  machinery,  but  there  would  be  a 
continuous  outlay  for  working  expenses.  In  another  place  the  sewage  might 
be  conveyed  by  gravitation  on  to  some  suitable  land,  and  be  purified  at  no 
great  cost,  and  there  the  work  of  sewering  might  be  quite  feasible.  It  is 
plain  that  every  place  must  be  dealt  with  on  its  own  merits  ;  one  rule  cannot 
always  be  followed,  and  the  medical  officer  will  ponder  well  before  coming 
io  any  decision  as  to  what  his  advice  should  be. 

He  must  be  able  to  make  a  thorough  examination  of  the  drainage  of  any 
house,  and  to  point  out  any  defects  there  may  be,  and  the  proper  reme- 
dies for  them.  Urban  sanitary  authorities,  and  rural  sanitary  authorities 
invested  with  urban  powers,  may  regulate  the  drainage  of  new  buildings  by 
bye-laws,  and  ho  must  be  prepared  to  advise  them  on  any  questions  affecting 
health  which  may  arise  in  connection  with  the  framing  or  working  of  such 
bye-laws,  but  in  the  model  series  (No.  IV.)  dealing  with  this  matter,  issued 
by  the  Local  Government  Board,  power  of  entry  for  the  purpose  of  inspection 
is  given  to  the  surveyor  only,  and  not  to  the  medical  officer. 

He  must  be  capable  of  advising  the  local  authority  upon  matters  connected 
with  the  disposal  and  purification  of  sewage,  and  to  that  end  he  must  be 
practically  acquainted  with  the  various  processes  of  sewage  purification 
which  are  in  use,  and  he  should  have  a  knowledge  of  others  which  have  been 
proposed  from  time  to  time. 

The  36th  section  of  the  Act  of  1875  gives  to  all  urban  and  rural  sanitary 
authorities  the  power  to  enforce  provision  of  sufficient  water-closet,  earth- 
closet,  or  privy  and  ashpit  accommodation,  if  it  appears  to  them  by  the  report 
of  their  surveyor  or  inspector  of  nuisances  that  any  house  withhi  their  district 
is  without  such  accommodation.  Although  the  medical  officer  of  health  is  not 
named  in  this  section,  he  may,  by  virtue  of  the  191st  section  of  the  Act,  exercise 
the  power  of  reporting  under  it.  Similarly  in  the  41st  section  the  surveyor  and 
inspector  of  nuisances  are  alone  named  as  being  able  to  enter  premises, 
when  empowered  by  any  local  authority,  for  the  purpose  of  examining  any 
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'drain,  water-closet,  earth- closet,  privy,  ashpit,  or  cesspool,  which  may  be 
alleged  by  any  person  to  be  a  nuisance ;  and  it  would  appear  that  the  medical 
officer  cannot  be  so  empowered,  but  he,  amongst  other  persons,  may  make 
the  written  appHcation  to  the  local  authority  which  is  required  before  the 
powers  of  the  seotion  can  be  put  into  operation. 

The  removal  of  house  refuse  at  regular  and  frequent  intervals  has  an 
intimate  relation  with  the  prevention  of  disease  and  ill-health.  It  is  incum- 
bent upon  the  medical  ofScer  to  see  that  refuse  is  not  allowed  to  remain  and 
decay  in  the  vicinity  of  inhabited  dwellings.  In  thickly  populated  parts  he 
will  probably  find  it  necessary  to  advise  the  local  authority,  if  they  have  not 
already  done  so,  either  themselves  to  undertake  or  to  contract  for  the  removal 
of  house  refuse  from  premises,  and  the  cleansing  of  earth-closets,  privies, 
ashpits,  and  cesspools.  The  adoption  of  these  measures  has  been  many  times 
clearly  proved  to  immensely  improve  the  pubHc  health  of  places  where  pre- 
ventable disease  had  previously  been  rife ;  diminished  mortality  and  a  generally 
bettered  state  of  health  having  rapidly  ensued.  The  medical  officer  should 
discountenance  the  toleration  of  large  foul  ashpits  in  all  populous  places,  and 
■should  endeavour  to  have  them  replaced  by  small  moveable  receptacles ; 
however  often  an  ashpit  may  be  emptied,  it  cannot  fail  to  be  in  a  foul 
condition  ready  to  induce  active  decomposition  in  all  putrescible  matters  put 
into  it. 

He  may  have  to  advise  the  local  authority  on  any  question  relating  to  health 
involved  in  the  framing  and  subsequent  working  of  any  bye-laws  they  may 
make,  under  the  44th  section  of  the  Act  of  1875,  respecting  the  cleansing  of 
footways,  the  removal  of  house  refuse,  the  cleansing  of  earth-closets,  privies, 
ashpits,  and  cesspools,  and,  in  urban  districts,  respecting  the  prevention  of 
nuisances  arising  from  snow,  filth,  dust,  ashes,  and  rubbish,  and  for  the  pre- 
vention of  the  keeping  of  animals  on  any  premises  so  as  to  be  injurious  to 
health. 

In  the  metropohs  the  medical  officer  of  any  sanitary  authority,  or  of  the 
county  councU, maybe  concerned  with  similar  bye-laws  made  under  the  16th 
section  of  the  London  PubHc  Health  Act  of  1891. 

The  pollution  of  rivers,  streams,  canals,  ponds,  lakes,  and  water-courses 
may  demand  the  attention  of  the  medical  officer  of  health  of  any  district, 
.  and  he  may  be  called  upon  to  advise  the  local  authority  with  reference  to  the 
discharge  into  them  of  unpurified  sewage  or  of  washings  from  gasworks,  and 
also  on  questions  arising  under  the  48th  section  of  the  Act  of  1875,  respecting 
any  proceedings  which  may  be  requisite  for  enforcing  the  cleansing  of 
offensive  water-courses  or  ditches  forming  the  boundary  between  different 
districts. 

Although  no  statutory  duty  is  imposed  upon  him  by  the  Elvers  Pollution 
Prevention  Act,  1876,  he  may  nevertheless  have  to  advise  the  local  authority 
in  any  district,  or  any  county  council,  on  any  points  which  may  arise  with 
reference  to  enforcing  that  Act,  and  he  must  be  acquainted  with  the  character 
of  the  hquids  proceeding  from  any  factories  or  manufacturing  processes 
%vithin  his  district,  so  that  he  may  be  able  to  determine  whether  they  would 
be  in  any  way  injurious  if  admitted  into  the  sewers  of  the  local  authority, 
and  to  indicate  the  measures  calculated  to  prevent  any  nuisance  or  pollution 
arising  from  them. 

Nuisances  are  dealt  with  in  urban  and  rural  sanitary  districts  under  the 
PubHc  Health  Act,  1875,  and  in  the  metropoHs  under  the  PubHc  Health 
(London)  Act,  1891.  They  are  defined  by  the  91st  and  92nd  sections 
.respectively  of  those  Acts. 

It  is  not  within  the  scope  of  this  article  to  discuss  what  the  nature  of  a 
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nuisance  must  be  in  order  to  bring  it  within  the  jurisdiction  of  a  local 
authority,  but  it  is  quite  necessary  that  the  medical  officer  of  health  should 
thoroughly  understand  this  question. 

Even  if  extensive  structural  works  are  not  imdertaken  by  a  sanitary- 
authority,  very  much  may  still  be  done  towards  bettering  the  health  condition 
of  any  district  by  a  vigorous  onslaught  upon  all  discoverable  nuisances, 
and  by  an  unremitting  vigilance  directed  against  their  recurrence  or  fresh 
origin.  In  this  regard  much  will  depend  upon  the  action  of  the  medical 
officer. 

It  is  the  duty  of  every  local  authority  to  cause  to  be  made  from  time  to 
time  inspection  of  their  district  for  the  detection  and  abatement  of  any 
nuisances  which  may  exist  within  it.  Although  the  medical  officer  of  health 
may  have  to  assist  in  that  inspection,  it  is  not  in  general  his  work  to  search 
his  district  for  nuisances  ;  that  comes  within  the  province  of  the  inspector  of 
nuisances.  Nevertheless,  that  officer  will  often  consult  him  regarding  them, 
and  he  must  be  able  and  willing  to  render  advice  and  assistance  when  asked 
to  do  so.  He  must  assure  himself  that  the  inspector  is  thorough  and  im- 
partial in  executing  the  important  duties  with  which  he  is  intrusted. 

He  should  make  sure  that  nothing  savouring  of  vexatious  action  is  ever 
permitted,  and  that  every  legitimate  effort  is  exhausted  before  the  aid  of  the 
law  is  invoked  for  the  abatement  of  any  nuisance  ;  for  nothing  is  so  calculated 
to  hinder  the  progress  of  public  health  work  as  excess  of  zeal,  officiousness, 
or  indiscretion  on  the  part  of  those  charged  with  the  enforcement  of  the  laws 
in  that  behalf. 

Information  of  nuisances  may  be  given  to  the  local  authority  by  him. 
In  some  instances  he  reports  on  all  cases  requiring  an  official  order  for  the 
abatement  of  nuisances  ;  and  in  doing  so  he  must  be  careful  not  to  bring 
forward  any  matter  which  he  has  not  personally  inquired  into ;  in  other 
instances  those  cases  are  reported  by  the  inspector  of  nuisances. 

He  has  no  statutory  power  to  order  the  abatement  of  nuisances.  In  any 
case  in  which  the  inspector  may  have  failed  in  his  endeavours  to  get  a 
nuisance  abated,  he  will  do  his  best  to  bring  about  that  end ;  and  a  com- 
munication from  him  to  the  responsible  person,  couched  in  courteous  terms, 
will  frequently  effect  the  desired  result ;  but,  if  not,  the  matter  will  have  to 
be  reported  to  the  local  authority,  to  be  dealt  with  by  them.  In  that  event 
all  unnecessary  publicity  of  names  should  be  avoided. 

He  should  make  it  his  object  to  have  the  provisions  of  the  laws  of  public - 
health  enforced  within  his  district  in  such  a  manner  as  to  avoid  recourse  to 
legal  proceedings  as  far  as  possible,  but  these  must  not  be  shirked  if  he  fails 
to  attain  his  object  in  other  ways. 

He  should  see  that  the  statutory  powers  are  not  exceeded,  that  any  powers 
which  go  beyond  them  are  not  assumed,  and  that  no  notice  for  the  abatement 
of  any  nuisance  which  cannot,  if  needful,  be  legally  enforced  is  ever  served. 

Power  of  entry  to  all  premises,  and  to  ships  not  under  the  command  of 
any  officer  bearing  Her  Majesty's  commission  or  belonging  to  any  foreign 
Government,  for  the  purpose  of  carrying  out  any  duties  in  connection  with 
nuisances,  is  given  to  the  medical  officer  of  health  in  urban  and  rural  sanitary 
districts  by  sections  102  and  110  of  the  Pubhc  Health  Act,  1875. 

For  the  purpose  of  examining  as  to  the  existence  of  any  nuisance  on  any  ■ 
premises  or  of  enforcing  the  provisions  of  any  Act  requiring  fireplaces  and 
furnaces  to  consume  their  own  smoke,  he  may  enter  at  any  time  between  the 
hours  of  nine  in  the  forenoon  and  six  in  the  afternoon,  or,  in  the  case  of  a 
nuisance  arising  in  respect  of  any  busuiess,  then  at  any  hour  when  such 
business  is  in  progress  or  is  usually  carried  on.     Where  a  nuisance  has  been 
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ascertained  to  exist,  or  an  order  of  abatement  or  prohibition  has  been  made, 
he  must  be  admitted  to  the  premises  from  time  to  time  between  the  above- 
named  hours  until  the  nuisance  is  abated,  or  the  works  ordered  to  be  done 
are  completed. 

Where  an  order  of  abatement  or  prohibition  has  not  been  complied  with, 
or  has  been  infringed,  he  must  be  admitted  from  time  to  time  at  all  reason- 
able hours,  or  at  all  hours  during  which  business  is  in  progress  or  is  usually 
carried  on,  into  the  premises  where  the  nuisance  exists,  in  order  to  abate  it. 
If  he  is  refused  admission  to  premises  for  any  of  these  purposes  he  must  give 
reasonable  notice  in  writing  to  the  person  having  custody  of  the  premises  of 
his  intention  to  make  a  complaint  to  a  justice,  and  on  making  the  complaint 
on  oath,  such  justice  may,  by  order  under  his  hand,  require  that  person  to 
admit  him  into  the  premises  during  the  hours  already  named.  If  no  person 
having  custody  of  the  premises  can  be  found,  the  justice  must,  on  oath  made 
before  him  of  that  fact,  give  him  a  similar  order  authorising  him  to  enter 
the  premises  during  the  same  hours.  Any  such  order  made  by  a  justice 
will  continue  in  force  until  the  nuisance  has  been  abated  or  the  work  for 
which  the  entry  was  necessary  has  been  done. 

A  similar  power  of  entry  to  tents,  vans,  sheds,  or  similar  structures  used 
for  human  habitation,  but  not  erected  or  used  by  any  portion  of  the  military 
or  naval  forces,  is  given  to  him  by  section  9  of  the  Housing  of  the  Working 
Classes  Act,  1885,  when  he  is  duly  authorised  by  the  sanitary  authority,  or 
by  a  justice  of  the  peace,  and  on  producing  such  authorisation  if  demanded, 
between  six  o'clock  in  the  morning  and  nine  o'clock  in  the  evening. 

The  local  authority  should  pass  a  resolution,  to  be  entered  on  their 
minutes,  giving  him  this  authorisation,  and  he  should  possess  a  copy  of  it 
■certified  by  their  clerk,  so  that  he  may  be  able  to  produce  it  if  demanded. 

Like  powers  of  entry  are  given  to  the  medical  officer  of  health  in  metro- 
politan districts  by  virtue  of  sections  10,  95, 110,  and  115  of  the  Public  Health 
(London)  Act,  1891 ;  but  in  all  cases  he  must  be  able  to  produce,  if  required, 
some  written  document,  properly  authenticated  on  the  part  of  the  sanitary 
authority,  showing  his  right  to  enter ;  and  he  can  enter  all  premises,  vessels, 
tents,  vans,  &c.,  with  the  exceptions  above  alluded  to,  between  six  o'clock  in 
the  morning  and  nine  o'clock  in  the  evening  ;  whilst  a  warrant  of  a  justice 
may  authorise  him  to  enter  any  house  or  part  of  a  house  alleged  to  be  over- 
crowded, at  any  hour  of  the  day  or  night  specified  in  the  warrant ;  and  the 
warrant  of  a  justice  may  authorise  him  to  enter  any  premises,  if  need  be  by 
force,  and  with  such  assistants  as  he  may  require. 

A  medical  officer  of  health  in  the  metropolis  or  in  any  urban  or  rural 
sanitary  district  may  have  to  take  cognizance  of  nuisances  arising  without 
his  district,  in  the  event  of  the  local  authority  dealing  with  such  under 
section  14  of  the  Act  of  1891,  or  section  108  of  the  Act  of  1875. 

In  urban  sanitary  districts  he  will,  as  occasion  may  arise,  have  to  advise 
the  sanitary  authority  on  the  abatement,  under  the  47th  section  of  the  Act 
of  1875,  of  nuisances  caused  by  the  keeping  of  any  swine  or  pigsty  in  any 
dwelling-house  or  so  as  to  be  a  nuisance  to  any  person,  by  the  accumulation 
of  waste  or  stagnant  water  within  any  dwelling-house,  or  by  the  overflow  or 
soakage  of  the  contents  of  any  water-closet,  privy,  or  cesspool ;  and  it  may 
be  remarked,  there  is  here  no  allusion  to  injury  to  health. 

In  metropolitan  districts  he  may  be  concerned  with  the  prohibition  of  the 
keeping  of  swine  in  unfit  places,  and  any  premises  within  forty  yards  of  any 
street  or  pubhc  place  are  deemed  to  be  unfit ;  or  the  keeping  of  any  animal 
in  unfit  places,  under  the  powers  of  the  17th  and  18th  sections  of  the  Act  of 
1891. 
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Under  the  49th  section  of  the  Act  of  1875,  in  urban  districts,  and  the- 
35th  section  of  the  Act  of  1891,  in  metropoUtan  districts,  the  sanitary 
inspector  can,  if  it  appears  to  him  to  be  necessary,  give  notice  for  the  removal 
of  any  accumulation  of  manure  or  other  filth,  without  obtaining  an  order 
from  the  sanitary  authority.  Although  the  medical  officer  of  health  is  not 
named  in  those  sections,  he  will  nevertheless  be  able  to  give  such  notice,  if 
the  occasion  should  arise,  by  virtue  of  the  power  conferred  upon  him  by  the- 
191st  section  of  the  former  and  the  106th  section  of  the  last-named  Act. 

In  urban,  rural,  and  metropolitan  districts  he  may  be  called  upon  to  deal 
with  smoke  nuisances,  as  defined  by  the  91st  section  of  the  Act  of  1875  and 
the  23rd  and  24th  sections  of  the  Act  of  1891.  He  must,  therefore,  make 
himself  practically  acquainted  with  the  various  means  which  have  been 
devised  for  the  prevention  of  those  nuisances,  in  order  that  he  may  be  pre- 
pared to  give  sound  advice  upon  the  subject. 

When  examining  any  premises  for  the  purpose  of  ascertaining  their  fit- 
ness for  habitation,  he  must  use  method  in  his  investigation.  Let  him 
please  himself  as  to  whether  he  will  commence  the  examination  within  or 
without,  at  the  top  or  at  the  bottom  of  the  house,  but,  having  made  up  his 
mind,  he  must  adhere  to  his  plan  in  order  that  he  may  not  overlook  any 
point  which  should  be  observed,  and  he  must  enter  his  observations  in  his 
note-book  at  the  time  he  makes  them. 

Suppose  he  elects  to  begin  his  examination  with  the  outside  and  sur- 
roundings of  the  premises,  he  will  direct  his  attention  to  the  following 
matters,  and  more  or  less  in  the  order  in  which  they  are  here  enumerated : — 
The  character  of  the  subsoil,  whether  porous  or  impervious,  dry  or  damp  ; 
the  elevation  and  aspect  of  the  site,  its  surroundings,  its  relations  to  trees 
or  neighbouring  woods,  and,  if  closely  built  over,  any  obstructive  buildings 
and  their  effect  upon  the  light  and  free  circulation  of  the  air  ;  the  paving  of 
yards,  whether  sound  or  allowing  of  the  accumulation  of  stagnant  water  or 
the  soakage  of  filth ;  the  drainage,  if  any,  whether  it  discharges  into  a  cess- 
pool or  sewer,  or  otherwise ;  if  into  the  former,  the  construction,  means  of 
ventilation,  state,  and  frequency  of  emptying  of  the  cesspool ;  if  into  a  sewer, 
the  quality  and  condition  of  the  sewer,  whether  the  system  it  is  connected, 
with  is  properly  ventilated,  cleansed,  and  flushed ;  whether  there  is  any  air- 
disconnection  of  the  drain  before  such  discharge,  and  if  so,  whether  it  is  pro- 
perly constructed  and  free  from  deposit,  and  the  air-opening  free  firom 
obstruction  ;  whether  the  drain  is  constructed  of  suitable  material,  with 
sufficient  fall ;  whether  it  is  watertight,  clean,  free  from  deposit  and  properly 
ventilated ;  whether  there  are  any  means  for  efficiently  flushing  it ;  whether 
there  are  any  loose  iron  traps  on  it,  or  any  untrapped  openings,  except  such 
as  may  be  provided  for  its  ventilation ;  whether  any  drain  or  soil-pipe  venti- 
lator ends  near  to  any  chimney-top,  window,  or  other  opening  into  the  house ; 
if  there  is  any  such  ventilator,  whether  it  ends  under  the  roof-eaves  or  against 
any  wall,  or  whether  it  is  freely  exposed,  as  it  ought  to  be  ;  the  sufficiency  or 
otherwise  of  closet  accommodation  ;  the  ^disposal  of  excrement,  if  by  water- 
closets,  whether  those  situated  out  of  doors  are  suitably  constructed  and 
ventilated,  properly  supplied  with  water  with  separate  flushing  cisterns,  and 
whether  clean  and  in  good  order  ;  if  the  disposal  is  by  any  other  method,  the- 
situation,  condition,  and  frequency  of  emptying  of  the  closets,  and  whether 
they  would  be  liable  to  injure  health  ;  the  disposal  of  house  refuse,  and  if  into- 
an  ashpit,  its  situation,  condition,  and  times  of  emptying,  and  whether  liable 
to  injure  health  ;  if  by  a  moveable  receptacle,  by  whom  and  how  frequently 
emptied,  and  the  place  of  deposit  of  the  refuse  ;  if  there  is  a  basement  in  the 
house,  whether  there  is  a  dry  area  around  it,  and  if  so  whether  it  is  drained 
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so  as  to  prevent  dampness,  and  whetlaer  drained  into  the  house  drain  or  other- 
wise ;  the  construction  of  the  walls,  their  foundations  and  thickness,  whether 
there  is  any  rising  damp  or  any  damp-proof  course  ;  if  of  brick,  the  condition 
of  the  pointing ;  whether  any  cracks  or  crevices  allowing  rain  to  soak  in ; 
whether  there  are  any  footings  of  the  walls  above  ground,  or  plinths,  causing 
dampness  ;  the  condition  of  the  windows,  and  whether  they  have  proper 
sills,  or  whether  there  are  none  and  their  frames  are  set  back  from  the  face 
of  the  walls — a  not  uncommon  cause  of  damp  walls  in  old  buildings ;  the 
construction  and  state  of  the  roof  ;  whether  weather-proof,  if  much  lead  on 
it,  whether  any  rain  water  that  is  stored  off  it  is  contaminated  with  that 
metal ;  if  any  valley  gutters  or  flats,  whether  liable  to  let  rain  through ;  if 
any  party  walls  are  carried  through  the  roof,  whether  they  are  properly  coped 
and  flashed  so  as  to  prevent  rain  soakmg  into  them  ;  whether  the  eaves  are 
properly  spouted,  and  the  rain  water  carried  away  so  as  to  prevent  dampness 
of  walls  and  site,  or  whether  the  spouting  overflows ;  whether  the  stack-pipes 
discharge  in  the  open  air,  or  whether  they  serve  as  drain-ventilators,  and  if 
they  do,  whether  they  terminate  under  the  eaves  near  to  any  window  or 
other  opening  into  the  house  ;  if  the  rain  water  is  collected,  whether  it  is 
free  from  decaying  leaves  and  bird-droppings  from  the  roof,  or  any  dead 
animals ;  whether  the  receptacle  is  frequently  cleansed ;  if  this  receptacle  is 
constructed  of  lead  or  of  galvanized  iron,  whether  the  water  takes  any  lead  or 
zinc  into  solution  ;  whether  any  cistern  or  underground  tank  has  an  overflow, 
and  if  so,  whether  there  is  a  proper  air-disconnection  on  it  in  the  event  of  its 
discharging  into  any  house  drain  ;  if  there  are  stables,  whether  any  drain  from 
them  has  an  air-disconnection  before  joining  the  house  drain  ;  whether  there 
are  any  animals  or  accumulations  of  manure  or  other  refuse  kept  so  as  to  be 
dangerous  to  health,  and  whether  there  are  any  other  possible  sources  of 
nuisances  upon  the  premises  or  upon  any  others  in  the  vicinity. 

Having  made  a  general  observation  of  all  waste-pipes  coming  from  the 
house,  he  will  enter  it,  and  examine  them  in  detail :  he  will  look  to  any  cellars 
or  basement  rooms  there  may  be  to  ascertain  whether  there  is  any  dampness 
in  them,  and  if  there  are  any  drain-openings  in  them,  whether  they  are 
directly  connected  with  the  house  drain  or  whether  they  are  properly  dis- 
connected from  it ;  he  will  observe  whether  the  site  of  the  house  has  a  layer 
of  concrete  beneath  the  floors  and  whether  there  is  provision  for  circulation 
of  air  beneath  any  wooden  floor  ;  whether  any  drain  passes  beneath  it,  and  if 
so,  whether  there  are  any  improper  openings  into  it,  or  any  leakage  from  it ;, 
how  its  joints  are  made,  whether  it  is  bedded  in  concrete,  and  whether  it  has 
a  proper  air-disconnection  and  ventilation.  On  the  ground  floor  he  will 
observe  whether  any  brick  or  stone  floors  are  damp,  and  whether  there  is 
sufficient  ventilation  beneath  any  boarded  floors,  or  any  indication  of  dry-rot 
in  them.  He  will  observe  whether  there  are  any  improper  drain-openings  on 
the  kitchen  or  scullery  floor,  and  will  examine  the  waste-pipes  from  any  sinks 
in  those  places,  or  in  any  pantry,  to  ascertain  whether  they  have  any  inside 
trap,  whether  they  are  properly  disconnected  from  the  drain  and  discharge 
in  the  open  air  over  channels  leading  to  outside  trapped  gullies ;  he  will 
ascertain  whether  the  latter  are  regularly  cleaned  out  at  frequent  intervals. 
The  waste-pipes  from  any  lavatory  basin,  bath,  urinal,  or  lead  safe  will  claim 
his  attention  that  he  may  see  they  do  not  join  any  soil-pipe  or  elcset  trap,  and 
that  they  are  properly  disconnected  from  the  drains ;  he  will  also  see  that 
any  slop  sink  is  properly  disconnected  ;  he  will  ascertain  whether  there  is  any 
system  of  excrement  removal,  other  than  a  water-closet,  within  the  house  ; 
he  will  examine  any  water-closet  there  may  be,  observing  its  situation, 
whether  in  the  middle  of  the  house  or  whether  against  an  outer  wall,  as 
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should  invariably  be  the  case,  whether  there  is  sufficient  permanent  ventila- 
tion to  the  outer  air  or  any  cross  ventilation,  whether  the  walls  beneath  the  seat 
are  properly  plastered,  and  whether  there  are  any  cracks  or  crevices  in  the 
floor  or  ceiling  which  might  allow  foul  odours  to  escape  into  other  parts  of 
the  house ;  he  will  see  whether  the  apparatus  has  any  foul  '  container '  or  '  D  ' 
trap,  or  whether  it  is  of  an  approved  form  of  construction,  whether  there  is 
any  weak  joint  between  its  trap  and  the  soil-pipe,  whether  the  waste-pipe 
from  any  lead  safe  beneath  it  or  from  the  flushing  cistern  discharges  into  the 
trap  or  soil-pipe  or  into  the  open  air,  whether  there  is  a  sufficient  flush  of 
water,  and  whether  the  cistern  is  distinct  from  any  which  is  used  for  the 
supply  of  drinking-water  ;  he  must  see  whether  the  soil-pipe  is  placed  inside 
the  house  or  outside,  as  it  ought  to  be,  what  it  is  made  of,  whether  there  are 
any  defects  in  it  or  in  its  joints,  such  as  sHp  or  putty  joints,  whether  it  is 
ventilated,  and  if  so,  whether  tbe  ventilating  pipe  is  carried  up  the  full  size  or 
not,  with  as  few  bends  as  possible,  and  whether  it  terminates  in  a  fitting 
situation  ;  whether  the  soil-pipe  has  an  air-disconnecting  trap.  If  more  than 
one  water-closet  discharges  into  the  same  soil-pipe  he  will  observe  whether 
there  is  any  possibility  of  either  being  untrapped  by  the  flush  of  water  from 
any  other.  K  a  water-closet  discharges  into  the  air  over  the  head  of  an  open 
soil-pipe  he  will  take  note  whether  there  is  any  chance  of  foul  odours  from 
it  entering  the  house  through  any  windows  or  ventilating  openings. 

K  he  has  reason  to  doubt  the  soundness  of  the  system  of  drainage,  he  will 
best  ascertain  its  condition  by  trying  it  with  oil  of  peppermint  and  boiling 
water,  or  with  some  form  or  other  of  the  smoke  or  other  tests. 

If  he  detects  any  bad  odours  in  the  house  which  he  has  not  succeeded  in 
accounting  for,  he  will  not  neglect  to  ascertain  whether  any  dead  mice  or 
other  animals  are  concealed  beneath  floors  or  behind  skirting  boards,  &c.,  and 
he  will  bear  in  mind  that  an  odour  may  be  conveyed  by  currents  of  air  or 
through  defects  in  walls,  or  through  hollow  walls  or  bell- wire  tubes,  or  behind 
skirting  boards,  or  beneath  wooden  floors,  to  any  part  of  the  house  removed 
from  the  spot  where  it  actually  originates. 

He  will  remember  that  a  very  common  cause  of  stink  in  a  house  is  the 
constant  shght  oozing  of  coal  gas  from  leaks  in  pipes  or  fittings,  from  the 
joints  in  brackets,  from  the  taps,  or  from  ball-and-socket  joints,  or  telescope 
joints  of  pendants,  or  through  the  loss  of  water  by  evaporation  from  the 
water-sealed  joint  of  moveable  gas  pendants.  He  will  not  be  satisfied  if  a 
leak  is  not  detected  on  the  application  of  a  light,  but  will  examine  aU  possible 
sources  of  leakage  by  smelling  close  to  them,  since  many  a  leak  may  be  de- 
tected by  the  nose  which  is  not  revealed  by  the  match.  If  the  leakage  is  at 
all  considerable  he  will  avoid  applying  any  hght  until  the  place  where  it 
occurs  has  been  thoroughly  aired,  for  fear  of  causing  an  explosion. 

He  will  not  neglect  the  possibihty  of  any  bad  odour  arising  from  a  foul 
stove-pipe  or  chimney,  either  through  defective  brickwork  or  owing  to  their 
acting  as  air  inlets  into  the  house  when  insufficiently  ventilated,  as  often 
happens  when  all  outer  doors  and  windows  are  closed,  or  fr-om  a  chimney 
having  been  on  fire  ;  he  will  bear  in  mind  the  possibihty  of  foul  air  fr'om  a 
drain  ventilator  ending  near  a  chimney  top  being  drawn  into  the  house  in 
that  manner,  or  from  a  stack  pipe  through  any  window  or  ventilating  opening. 

He  will  note  the  number  of  rooms,  the  cubic  capacity  of  all  bed-rooms, 
the  means  provided  for  ventilating  them,  the  situation  and  size  of  the  windows, 
what  parts  vnil  open,  whether  there  are  fireplaces  in  them,  and  if  so,  whether 
they  or  the  chimneys  are  blocked  up,  whether  there  are  '  registers  '  in  the 
grates,  and  if  so,  whether  they  are  kept  closed  as  is  usually  the  case  ;  he  will 
ascertain  the  number  of  people  occupying  each  bed-room,  the  amount  of 
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space  taken  up  by  the  furniture  in  them,  whether  they  are  overcrowded,  and 
whether  the  foul  odour  of  overcrowding  pervades  any  of  them. 

He  will  observe  the  state  of  cleanliness  of  the  rooms  and  furniture,  the 
condition  of  the  walls,  whether  they  show  signs  of  damp  or  mouldiness  from 
rising  moisture  or  driving  rain,  or  are  out  of  repair,  whether  there  is  any 
chance  of  the  air  being  contaminated  by  arsenical  wall  papers,  bed  hangings, 
■or  other  fabrics. 

He  will  see  whether  there  are  indications  of  dilapidations,  and  if  so,  whe- 
ther the  place  appears  to  be  in  such  a  ruinous  condition  as  to  be  dangerous. 

Having  examined  the  premises,  he  will  probably  next  turn  his  attention  to 
the  water-supply ;  he  will  note  its  source,  and  if  from  a  well  or  spring  whether 
the  surroundings  are  such  as  to  be  liable  to  pollute  it,  the  approximate  depth 
and  construction  of  any  well,  whether  it  is  liable  to  admit  any  surface 
soakage,  and  the  geological  formation  out  of  which  its  water  is  derived  ;  if 
the  supply  is  taken  from  any  water-course,  whether  such  is  liable  to  sewage 
pollution ;  if  obtained  from  a  waterworks  mains  he  will  ascertain  whether 
the  service  is  constant  or  intermittent,  what  metal  the  service  pipe  is  made 
of,  whether  it  is  of  sufficient  size  to  give  an  ample  supply,  whether  it  is  laid 
through  or  near  to  drains,  cesspools,  or  any  other  possible  source  of  contami- 
nation, or  in  any  material  capable  of  corroding  it,  whether  there  are  any 
leaks  in  it,  whether  it  is  properly  protected  from  the  action  of  frost,  and 
whether  there  is  any  direct  service  of  water  to  closet  pans.  If  the  water  is 
stored  on  the  premises,  he  will  ascertain  the  situation  of  the  cistern  and  what 
it  is  made  of ;  if  it  is  of  lead,  whether  the  water  has  any  action  upon  that 
metal,  if  of  galvanised  iron,  whether  it  takes  zinc  into  solution  ;  if  there  is 
■an  overflow  to  the  cistern,  he  will  see  whether  it  joins  any  water-closet  trap, 
soil-pipe,  or  drain,  or  whether  it  is  properly  disconnected  in  the  open  air ;  if 
there  is  a  standing  waste-pipe  in  it,  he  will  find  out  whether  that  is  formed 
by  a  continuation  of  the  soil-pipe  acting  as  a  ventilator ;  he  will  also  see 
whether  any  water-closet  is  flushed  from  the  cistern,  or  whether  there  is  a 
separate  flushing  cistern  for  each  closet. 

This  outline  for  the  inspection  of  single  premises  may,  on  an  extended 
scale,  be  applied  to  the  examination  of  whole  villages,  towns,  or  other  places  ; 
but  then  further  influences  bearing  upon  public  health,  such  as  the  state  of 
burial-grounds,  elementary  school  accommodation,  manufactories,  unhealthy 
occupations,  slaughter-houses,  the  arrangements  for  scavenging,  the  pubhc 
water-supply,  the  food-supply,  the  pollution  of  water-courses,  the  general 
social  condition  of  the  people,  the  density  of  population,  the  sufficiency  of 
house  accommodation,  &c.,  may  have  to  be  inquired  into  and  taken  into  con- 
sideration. 

Offensive  trades,  analogous  to  those  specified  in  sections  112  and  114  of 
the  Public  Health  Act,  1875,  and  in  section  19  of  the  PubHc  Health  (London) 
Act,  1891,  will  come  under  the  observation  of  the  medical  officer  of  health  in 
metropolitan  and  urban  sanitary  districts,  but  not  in  rural  sanitary  districts, 
unless  the  authorities  of  those  districts  have  been  invested  with  urban  powers 
ior  the  purpose. 

He  must  be  acquainted  with  the  processes  carried  on  in  connection  with 
them,  the  causes  of  nuisances  arising  from  them,  and  the  appropriate  means 
for  preventing  the  same.  He  will  be  much  assisted  in  reference  to  these 
matters  by  consulting  Dr.  Ballard's  Eeport  on  Efifiuvium  Nuisances,  in  the 
supplement  to  the  Sixth  Annual  Eeport  of  the  Local  Government  Board, 
subsequently  issued  in  a  separate  form,  and  Dr.  Hime's  article  on  the  sub- 
ject in  the  first  volume  of  this  work. 

He  must  be  prepared  to  advise  the  local  authority  on  the  framing  and 
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working  of  any  bye-laws  with  respect  to  those  trades  which  they  may  make- 
Under  the  model  series  (No.  XVI.)  issued  by  the  Local  Government  Board 
he  will  have  a  right  of  entry  for  the  purpose  of  inspection,  at  all  reasonable 
times,  into  any  places  to  which  those  bye-laws  apply. 

When  he  finds  a  nuisance  arising  from  an  offensive  trade,  he  will,  in  the 
first  instance,  endeavour  to  get  it  conducted  so  as  not  to  cause  a  nuisance  ; 
but  if  he  does  not  succeed  in  this  attempt  he  will  give  to  the  local  authority 
a  certificate  stating  the  fact  that  it  is  a  nuisance,  or  that  it  is  injurious  to  the 
health  of  any  of  the  inhabitants  of  the  district,  and  then  they  will  have  to 
take  the  proceedings  prescribed  for  procuring  its  abatement. 

The  medical  officer  of  an  urban  sanitary  district  may  have  to  certify  that 
an  offensive  trade  situated  without  his  own  district,  even  if  it  is  within  a. 
metropohtan  district,  is  causing  a  nuisance  within  his  district,  or  that  it  is 
injurious  to  the  health  of  any  of  the  inhabitants  of  it,  and  then  the  local 
authority  may  take  proceedings  for  abating  the  nuisance  thus  arising. 

Similarly,  a  medical  officer  of  a  metropolitan  district  may  have  to  certify 
respecting  an  offensive  trade  situated  without  it. 

In  both  urban  and  rural  sanitary  districts  the  medical  officer  of  health 
has  a  right  of  entry,  under  the  102nd  section  of  the  Act  of  1875,  in  the  case 
of  a  nuisance  arising  in  respect  of  any  business  at  any  hour  when  such  busi- 
ness is  in  progress  or  is  usually  carried  on  ;  and  there  is  a  similar  power  of 
entry  in  the  metropolis. 

It  is  worthy  of  remark  that  in  the  London  Act  of  1891  the  words  '  or 
dangerous  to  health  '  are  apphed  to  offensive  trades,  as  in  the  case  of 
nuisances. 

In  the  County  of  London  the  medical  officer  of  the  County  Council,  and 
in  the  City  of  London  the  medical  officer  of  the  Commissioners  of  Sewers, 
will  be  concerned  with  the  estabhshing  anew  of  certain  offensive  trades,  and 
with  bye-laws  for  regulating  offensive  businesses  and  the  structure  of  the 
premises  on  which  they  are  carried  on. 

The  Alkali,  dc,  Works  Begulation  Acts,  1881  and  1892,  are  executed  by 
a  chief  inspector  and  other  inspectors  appointed  by  the  Local  Government 
Board ;  but  if  an  urban,  rm^al,  or  metropohtan  medical  officer  of  health  finds 
that  any  work  to  which  the  Acts  apply,  whether  situated  within  or  without 
his  district,  is  carried  on  in  contravention  of  them,  or  that  any  alkali 
waste  is  deposited,  either  within  or  without  his  district,  in  contravention  of 
the  Act  of  1881,  and  that  a  nuisance  is  thereby  occasioned  to  any  of  the  in- 
habitants of  his  district,  he  may  make  a  written  representation  of  the  fact  tO' 
the  local  authority  of  his  district,  and  they  may  make  a  complaint  to  the 
Local  Government  Board,  who  will  then  have  to  make  such  inquiry  into  the 
matters  complained  of,  and  after  the  inquiry  may  direct  such  proceedings  to- 
be  taken  by  an  inspector  under  the  Acts  as  they  think  just. 

Unsound  Meat,  c^c— The  medical  officer  of  health  of  any  urban,  rural,  or 
metropohtan  district  may,  at  all  reasonable  times,  inspect  and  examine  any 
animal,  carcase,  meat,  poultry,  game,  flesh,  fish,  fruit,  vegetables,  corn,  bread, 
flour,  or  milk  exposed  for  sale,  or  deposited  in  any  place  for  the  purpose  of 
sale,  or  of  preparation  for  sale,  and  intended  for  the  food  of  man ;  and  if 
any  such  article  appears  to  him  to  be  diseased,  or  unsound,  or  unwholesome, 
or  unfit  for  the  food  of  man,  he  may  seize  and  carry  it  away,  or  cause  it  to 
be  seized  and  carried  away,  in  order  to  have  it  dealt  with  by  a  justice,  as 
directed  by  the  Public  Health  Acts. 

Animals,  poultry,  game,  and  fish  need  not  necessarily  be  dead  in  order  to 
bring  them  within  the  scope  of  these  Acts.  It  must  be  noted  that  his  powers- 
in  respect  of  these  things  cease  as  soon  as  they  have  been  sold  to  any 
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purchaser,  for  he  cannot  then  deal  with  them  even  if  they  prove  unfit  for 
human  food. 

The  powers  of  the  medical  officer  are  strictly  hmited  to  the  articles 
named  above,  and,  except  in  the  case  of  horseflesh,  as  will  presently  appear,, 
he  cannot  enter  any  premises  to  examine  or  seize  any  other  articles  of  food 
such  as  cheese  or  eggs,  however  rotten  they  may  be  ;  but  in  the  metropolis, 
and  where  Part  3  of  the  Pubhc  Health  Acts  Amendment  Act,  1890,  is  adopted, 
these  powers  are  extended  to  all  articles  intended  for  the  food  of  man. 

He  may  have  to  advise  the  inspector  of  nuisances  in  any  case  of  doubt 
arising  under  the  inspection  of  those  articles  which  that  officer  has  to  report 
to  him,  as  required  by  the  Orders  of  the  Local  Government  Board  of  1891,, 
prescribing  the  duties  of  those  officers  in  urban,  rural,  and  metropolitan 
sanitary  districts. 

He  has  also,  under  section  131  of  the  Towns  Improvement  Clauses  Act, 
1847,  incorporated  with  the  Public  Health  Act,  1875,  power  to  enter  any 
butcher's  shop,  &c.,  or  slaughter-place,  in  urban  districts,  for  the  purpose 
of  examining  any  cattle  or  carcase  and  seizing  any  which  he  may  find  to  be 
unfit  for  the  food  of  man. 

On  complaint  made  on  oath  by  him  any  justice  may  grant  him  a  search 
warrant. 

Limitation  to  specified  articles  of  food  is  not  found  in  the  15th  section  of 
the  Markets  and  Fairs  Clauses  Act,  1847,  incorporated  with  the  167th  section 
of  the  Pubhc  Health  Act,  1875,  for  the  purpose  of  enabling  any  urban 
sanitary  authority  to  establish  or  to  regulate  markets,  which  imposes  the 
liability  to  a  penalty  upon  every  person  who  shall  sell  or  expose  for  sale  any 
unwholesome  meat  or  provisions  in  any  market  which  is  subject  to  the  pro- 
visions of  that  Act,  and  the  inspector  of  provisions  appointed  by  the  '  under- 
takers '  may  seize  such  meat  or  provisions  and  carry  them  before  a  justice  to 
be  dealt  with  by  him  in  accordance  with  the  Act.  Here  there  is  an  offence 
even  if  the  unwholesome  article  of  food  has  been  already  sold,  and  the  term 
'  provisions '  is  very  comprehensive.  It  is  not  at  all  likely  that  a  medical 
officer  of  health  will  be  appointed  to  be  such  an  inspector,  neither  is  it 
desirable  that  he  should  be,  but  he  should  be  aware  of  this  provision,  that  he 
may  instigate  the  appointed  person  to  take  action  under  it  if  the  occasion 
for  so  doing  should  arise  at  any  time. 

The  Sale  of  Horseflesh,  dc,  Begulation  Act,  1889,  gives  the  medical 
officer  of  health  at  all  reasonable  times  power  to  inspect  and  examine  any 
meat  which  he  has  reason  to  believe  to  be  horseflesh,  exposed  for  sale,  or  de- 
posited for  the  purpose  of  sale  or  of  preparation  for  sale,  and  intended  for 
human  food,  in  any  place  other  than  a  shop,  stall,  or  place  over  or  upon  which 
there  are  at  all  times  painted,  posted,  or  placed,  in  legible  characters  of  not 
less  than  four  inches  in  length,  and  in  a  conspicuous  position,  and  so  as  to  be 
visible  throughout  the  whole  time,  whether  by  night  or  day,  during  which 
such  horseflesh  is  being  offered  or  exposed  for  sale,  words  indicating  that 
horseflesh  is  sold  there.  If  such  meat  appears  to  him  to  be  horseflesh  he 
may  seize  and  carry  it  away,  or  cause  it  to  be  seized  and  carried  away,, 
in  order  to  have  it  dealt  with  by  a  justice  in  the  manner  provided  by  the 
Act.  It  will  be  observed  that  the  method  of  procedure  is  precisely  similar 
to  that  which  has  to  be  pursued  in  the  ease  of  diseased  or  unwholesome 
meat,  &c.,  and  there  is  the  same  power  for  the  medical  officer  to  obtain  a 
search  warrant  from  a  justice  on  complaint  made  by  him  on  oath. 

It  is  not  quite  clear  from  the  wording  of  the  3rd  section  whether  or  no 
a  medical  officer  has  power  to  proceed  without  being  specially  authorised  by 
the  local  authority  to  do  so.     In  a  case  heard  in  the  Beading  Police  Court 
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the  counsel  for  the  defence  raised  the  objection  that  the  medical  officer  and 
the  inspector  of  nuisances  could  not  act  without  such  instruction  or  authorisa- 
tion, but  the  magistrates  overruled  the  objection ;  however,  as  the  point 
seems  somewhat  doubtful,  it  will  probably  be  best  for  those  officers  to  be 
formally  authorised  by  the  local  authorities  to  carry  out  the  Act.  It  is 
necessary  for  them  to  understand  that  *  horseflesh '  includes  the  flesh  of  asses 
and  mules,  and  means  horseflesh,  cooked  or  uncooked,  alone  or  accompanied 
by  or  mixed  with  any  other  substance. 

Slaughter-houses  may  be  provided  by  urban  sanitary  authorities ;  and 
bye-laws  may  be  made  with  respect  to  the  management,  &c.,  of  any  so 
provided  and  of  private  slaughter-houses.  In  rural  sanitary  districts  these 
powers  cannot  be  exercised  unless  urban  powers  for  the  purpose  have  been 
granted  to  the  local  authority  by  the  Local  Government  Board. 

The  medical  officer  of  health  will  not  be  the  systematic  inspector  of  those 
places,  but  he  should  assure  himself  that  they  are  kept  in  a  proper  state,  and 
under  the  model  bye-laws  respecting  them  issued  by  the  Local  Government 
Board  (Series  No.  VI.)  power  of  entry  into  them  at  all  reasonable  times  is 
given  to  him. 

When  the  local  authority  have  under  their  consideration  the  propriety 
of  granting  or  withholding  the  licence  needed  before  a  place  can  be  newly 
established  as  a  slaughter-house,  the  medical  officer  of  health  will  probably 
be  consulted  as  to  the  suitability  or  otherwise  of  the  proposed  site  from  the 
health  point  of  view ;  and  he  will  be  aided  in  forming  an  opinion  upon  the 
question  by  the  memorandum  prefixed  to  the  model  bye-laws. 

The  Sale  of  Food  and  Drugs  Act,  1875,  and  the  Act  of  1879  amending 
it,  so  far  as  they  concern  the  medical  officer  of  health,  may  be  noticed  in 
this  place,  since  they  also  deal  with  articles  of  human  food. 

Any  medical  officer  of  health,  under  the  direction  and  at  the  cost  of  the 
local  authority  appointing  him,  or  charged  with  the  execution  of  the  Act, 
may  procure  any  sample  of  food,  that  is  to  say,  any  article  used  for  food  or 
drink  by  man  other  than  drugs  or  water,  which  is  entirely  exempted  from 
the  operation  of  the  Act,  or  any  sample  of  drugs,  which  include  medicine  for 
internal  or  external  use,  and  if  he  suspect  such  sample  to  have  been  sold  to 
him  contrary  to  any  provision  of  the  Acts,  he  has  to  submit  it  to  be  analysed 
by  the  analyst  of  the  part  for  which  he  acts,  or  if  there  be  no  such  analyst 
to  the  analyst  of  another  place  ;  the  analyst  will  have  to  give  to  him  a 
certificate  specifying  the  result  of  his  analysis.  If  the  analyst  does  not 
reside  within  two  miles  of  the  residence  of  the  medical  officer  requiring  the 
sample  to  be  analysed,  he  may  forward  it  to  him  through  the  Post  Office  as  a 
registered  parcel,  under  the  11th  section  of  the  Post  Office  Act,  1891,  instead 
of  as  a  registered  letter,  which  the  Act  of  1875  required,  but  which  the  Post- 
master-General will  not  now  allow  to  be  done. 

If  it  appears  from  the  analyst's  certificate  that  any  offence  under  the 
Acts  has  been  committed  he  may  take  the  prescribed  proceedings  against 
the  vendor.  It  does  not  appear  requisite  that  he  should  obtain  special  direc- 
tions from  the  local  authority  before  taking  such  proceedings,  although  he 
would  naturally  be  guided  in  the  matter  by  what  he  beheves  to  be  their 
desire. 

When  obtaining  samples  under  the  Act  of  1875  he  must  strictly  comply 
not  only  with  the  spirit  but  with  the  letter  of  the  14th  section.  After  the 
purchase  has  been  completed  he  must  forthwith  notify  to  the  seller  or  his 
agent  selling  the  article  his  intention  to  have  the  same  analysed  by  the  public 
analyst  for  the  district.  He  must  next  offer  to  divide  the  article  into  three 
parts,  and  if  he  is  required  to  do  so,  but  not  otherwise,  he  must  so  divide  it, 
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and  must  mark  and  seal  or  fasten  up  in  such  manner  as  its  nature  will 
permit  each  part ;  he  must  then  deliver  one  of  the  parts  to  the  seller  or  his 
agent,  one  he  must  retain  for  future  comparison  and  for  production  in  court 
at  the  hearing  of  the  case  if  proceedings  are  taken  ;  the  third  part  is  for 
delivery  to  the  analyst.  If  the  seller  or  his  agent  does  not  accept  the  offer 
of  the  medical  officer  to  divide  the  article  purchased  in  his  presence,  then 
it  must  on  no  account  be  divided,  but  must  be  delivered  whole  to  the  analyst, 
who  must  himself  divide  it  into  two  parts,  one  of  which  he  must  seal  up  and 
cause  it  to  be  delivered,  either  upon  receipt  of  the  sample,  or  when  he 
supplies  his  certificate,  to  the  medical  officer,  who  must  retain  it  for  pro- 
duction in  case  proceedings  are  afterwards  taken  in  the  matter. 

The  medical  officer  may  employ  a  deputy  to  make  the  purchase,  but  as 
soon  as  it  has  been  completed  that  person  must  give  the  article  purchased 
to  him  and  he  must  complete  the  transaction  as  described  above,  and  will 
take  proceedings  if  the  occasion  should  arise,  in  the  same  way  as  if  he  had 
actually  made  the  purchase  himself. 

Under  the  3rd  section  of  the  amending  Act  of  1879,  samples  of  milk 
which  is  in  course  of  delivery  to  the  purchaser  or  consignee  may  be  taken  at 
the  place  of  delivery  by  any  medical  officer  of  health,  who  is  authorised  in  the 
same  manner  as  under  the  Act  of  1875,  but  in  that  case  it  is  not  necessary 
for  him  to  observe  the  provisions  of  the  14th  section  of  that  Act. 

It  is  most  essential  that  all  samples  should  be  securely  sealed  in  such  a 
way  that  they  cannot  be  afterwards  tampered  with.  They  are  not  infrequently 
sealed  in  such  a  slovenly  manner  that  the  contents  of  the  package  can  be 
taken  out  and  be  replaced  by  another  article  without  the  seal  being  broken. 
If  such  were  the  case  with  any  of  the  parts  left  with  the  vendors  the  reputa- 
tion of  the  analyst  might  be  unfairly  damaged. 

Corks  should  be  cut  off  level  with  the  top  of  the  necks  of  bottles  contain- 
ing samples,  and  they  should  be  firmly  tied  in  with  string,  the  knots  being 
placed  on  the  top  of  the  corks  :  all  packets  containing  samples  should  first  be 
securely  tied  up  with  string  ;  all  knots  should  be  completely  sealed,  and  other 
parts  of  the  string  should  also  be  sealed  so  as  to  prevent  it  being  sHpped  off 
the  packets  without  the  seals  being  broken.  The  wax  which  is  used  should 
not  be  brittle,  but  should  be  of  the  best  quality.  A  seal  with  a  distinctive 
impression  that  cannot  be  readily  imitated  must  be  employed. 

All  samples  must  be  carefully  labelled ;  on  the  labels  there  should  be 
printed  the  name  of  the  district,  and  there  should  be  places  on  them  for  a 
distinctive  number,  description  of  the  article  purchased,  date  and  signature, 
all  to  be  filled  in  by  the  purchaser  at  the  time  of  purchase. 

The  name  of  the  vendor  of  any  sample  should  not  appear  upon  the  labels 
neither  ought  it  to  be  divulged  to  the  analyst.  In  the  event  of  any  sample 
being  divided,  the  labels  on  all  three  parts  must  be  alike. 

An  exact  record  of  all  the  circumstances  of  the  purchase  of  any  sample 
should  be  made  at  the  time  of  purchase  in  a  book  kept  for  the  purpose. 

The  Margarine  Act,  1887,  imposes  no  special  duty  upon  the  medical  officer 
of  health,  but  when  authorised  to  take  samples  under  the  Sale  of  Food  and 
Drugs  Act,  1875,  he  may  procure  samples  of  margarine  for  analysis  if  he  has 
reason  to  believe  that  the  provisions  of  the  Act,  requiring  that  when  forwarded 
by  any  public  conveyance  it  shall  be  duly  consigned  as  margarine,  are  infringed,, 
and  examine  and  take  samples  from  any  package,  and  ascertain  if  necessary, 
by  submitting  them  to  be  analysed,  whether  an  offence  against  the  Act  has 
been  committed. 

He  may  also,  without  going  through  the  form  of  purchase  provided  by  the 
Act  of  1875,  but  otherwise  acting  in  all  respects  in  accordance  with  its  pro- 
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Yisions  as  to  dealing  with  samples,  take  for  the  purpose  of  analysis  samples 
of  any  butter,  or  substances  purporting  to  be  butter,  which  are  exposed  for 
sale,  and  are  not  marked  '  margarine,'  as  provided  by  the  Act :  it  is  to  be 
presumed  that  any  such  substance  which  is  not  so  marked  is  exposed  for 
sale  as  butter. 

A  medical  officer  of  health  cannot  take  any  action  under  either  of  these 
three  Acts  unless  he  is  duly  authorised  to  do  so.  It  is  not  desirable  that  he 
should  be  charged  with  the  duty  of  procuring  samples  under  them,  and  it  is 
not  hkely  that  he  will  be,  but  it  is  quite  necessary  for  him  to  know  all  the 
details  of  procedure,  if  only  to  be  able  to  direct  the  inspector  of  nuisances 
aright  if  need  be,  inasmuch  as  a  prosecution  imder  those  Acts  will  be  liable 
to  fail  if  the  strict  letter  of  the  law  is  not  followed  when  any  samples  are  taken. 

Infectious  diseases  are  dealt  with  under  several  Acts  which  very  closely 
concern  the  medical  officer  of  health  in  the  execution  of  his  duties.  The 
Eegulations  of  the  Local  Government  Board  respecting  those  duties  are  set 
forth  in  their  Orders  of  1891,  already  quoted.  Some  of  the  principal  pro- 
visions are  to  be  found  in  the  120th  and  following  sections  of  the  Pubhc 
Health  Act,  1875,  and,  as  regards  the  metropolis,  in  sections  65  to  74  of  the 
Pubhc  Health  (London)  Act,  1893 . 

When  the  medical  officer  certifies  to  the  local  authority  that  the  cleans- 
ing and  disinfection  of  any  house  or  part  of  a  house,  or  of  any  articles  therein 
likely  to  retain  infection,  would  tend  to  prevent  or  check  infectious  disease, 
they  have  to  take  the  prescribed  steps  to  get  such  cleansing  and  disinfection 
done ;  but  this  will  generally  be  efl'ected  without  his  having  recourse  to  that 
formal  procedure.  When  occasion  arises  he  may  certify  in  a  hke  manner 
in  respect  of  infected  ships,  under  the  2nd  section  of  the  Public  Health 
(Ships,  &c.)  Act,  1885,  but  he  cannot  take  any  such  action  in  the  case  of  any 
ship  or  vessel  under  the  command  or  charge  of  any  officer  bearing  Her 
Majesty's  commission,  or  of  any  ship  or  vessel  belonging  to  any  foreign 
Government.  Under  the  4th  section  of  the  Canal  Boats  Act,  1877,  he  may 
have  to  certify  to  the  local  authority  for  the  disinfection  of  infected  canal 
boats,  or  for  other  steps  requisite  for  them  to  take  for  the  prevention  of  the 
spread  of  infectious  disease  therefrom.  Whenever  they  have  detained  a  canal 
boat  for  the  purpose  of  being  cleansed  and  disinfected,  he  may  have  to  pro- 
vide them  with  a  certificate  under  the  13th  clause  of  the  Eegulations  ot 
the  Local  Government  Board  under  the  Act,  dated  March  20,  1878,  to  the 
effect  that  the  boat  has  been  duly  cleansed  and  disinfected,  before  they  can 
allow  it  to  proceed  on  its  journey.  If  duly  authorised  by  a  registration  or 
sanitary  authority,  or  by  a  justice  of  the  peace,  he  may,  on  producing  (if 
demanded)  either  a  copy  of  his  authorisation  signed  by  the  clerk  or  a  member 
of  the  local  authority,  or  some  other  sufficient  evidence  of  his  being  so 
authorised,  enter  by  day,  that  is  between  6  a.m.  and  9  p.m.,  any  canal  boat 
on  board  of  which  he  has  reasonable  cause  to  suppose  either  that  there  is  any 
contravention  of  the  Act  or  that  there  is  any  person  suffering  from  an  infec- 
tious disorder,  and  examine  every  part  of  it  in  order  to  ascertain  whether 
such  is  the  case ;  and  he  may,  if  need  be,  detain  the  boat  for  the  purpose, 
but  for  no  longer  time  than  is  necessary.  He  may  require  the  master  of  the 
boat  to  produce  to  him  the  certificate  of  registry  (if  any)  of  the  boat,  and  to 
permit  him  to  examine  and  copy  it ;  he  may  require  him  to  furnish  him  with 
such  assistance  and  means  as  he  may  need  for  the  purpose  of  his  entry 
and  examination  of  and  departure  from  the  boat. 

When  authorised  under  the  9th  section  of  the  Housing  of  the  Working 
-Classes  Act,  1885,  he  has  the  same  power  of  entry  to  any  tent,  van,  shed,  or 
similar  structure  used  for  human  habitation,  when  not  erected  or  used  by  any 
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-portion  of  Her  Majesty's  military  or  naval  forces,  for  the  purpose  of  ascer- 
taining whether  there  is  therein  any  contravention  of  any  bye-law  made  by 
the  local  authority  for  preventing  the  spread  of  infectious  disease  by  the 
persons  inhabiting  the  same,  or  any  person  suffering  from  a  dangerous 
infectious  disorder. 

This  power  extends  to  the  metropolis  ;  it  is  a  very  useful  one,  and  should 
be  generally  exercised  in  all  places  where  inhabited  vans,  &c.,  are  congregated 
at  fairs  or  on  other  occasions,  inasmuch  as  there  can  be  no  doubt  that  they 
have  often  been  the  means  by  which  infectious  diseases  have  been  introduced 
into  places  through  the  concealment  of  cases  within  them.  Systematic 
inspection  of  such  structures  is  a  great  safeguard  against  disease  ;  the  actual 
performance  of  it  will  devolve  upon  the  inspector  of  nuisances,  but  it  should 
be  done  under  the  supervision  and  with  the  assistance,  if  necessary,  of  the 
naedical  officer  of  health. 

When  he  has  received  from  the  keeper  of  a  common  lodging-house  in  any 
urban  or  rural  sanitary  district  notice  under  the  84th  section  of  the  Public 
Health  Act,  1875,  that  there  is  in  such  house  a  person  ill  of  any  infectious 
disease,  it  will  be  his  duty  to  satisfy  himself  whether  or  not  it  is  necessary  to 
remove  such  person  to  any  hospital  for  infectious  diseases  there  may  be,  and 
to  see  that  any  bye-laws  made  in  that  behalf  are  complied  with.  The  bye- 
law  relating  to  this  matter  in  the  model  series  (No.  III.)  issued  by  the  Local 
Government  Board  requires,  amongst  other  things,  that  the  keeper  of  a 
common  lodging-house  shall  obey  any  instructions  of  the  medical  officer  of 
liealth  respecting  the  removal  by  order  of  a  sanitary  authority  of  any  lodger 
suffering  from  infectious  disease  to  an  isolation  hospital,  the  discon- 
tinuance of  receiving  lodgers  into  infected  rooms,  and  the  disinfection  of 
infected  rooms  and  things  ;  and  that  he  shall  give  that  officer  written  notice 
of  having  carried  out  the  disinfection,  and  of  the  death,  removal,  or  recovery 
of  any  lodger  who  has  been  ill  with  infectious  disease. 

If  the  local  authority  have  made  any  bye-laws  under  the  90th  section  of 
the  Public  Health  Act,  1875,  with  respect  to  houses  let  in  lodgings,  other 
than  common  lodging-houses,  he  may  be  concerned  with  any  which  provide 
for  the  giving  of  notices  and  the  taking  of  precautions  in  case  of  any 
infectious  disease.  In  the  model  series  (No.  XIII.)  relating  to  this  subject 
there  are  bye-laws  requiring  the  landlords  and  lodgers  to  give  immediate 
notice  in  writing  to  the  medical  officer  of  health  when  they  become  aware  of 
the  occurrence  of  any  case  of  infectious  disease  in  such  houses  ;  another 
makes  it  incumbent  upon  them  to  comply  with  any  instructions  they  may 
receive  from  him  respecting  the  removal  of  any  sick  person  to  a  hospital 
when  an  order  of  a  justice  has  been  obtained  for  the  purpose. 

If  in  the  district  of  the  medical  officer  there  are  no  means  available  for  the 
disinfection  of  bedding,  clothing,  or  other  articles  which  have  become  infected, 
and  which  will  not  bear  boihng  in  water,  he  will  have  to  urge  the  local  authority 
to  provide  a  proper  apparatus  for  that  purpose,  if  he  considers  the  needs  of 
his  district  require  it,  inasmuch  as  the  effectual  disinfection  of  all  infected 
articles  is  a  highly  important  step  in  the  eradication  of  infectious  disease. 

In  this  connection  he  will  find  much  valuable  information  in  the  Report 
on  Disinfection  by  Heat  by  Dr.  Parsons,  appended  to  the  Eeport  of  the 
Medical  Officer  of  the  Local  Government  Board  for  the  year  1884. 

Moist  heat  is  undoubtedly  the  most  fitting  agent  to  employ  for  the  purpose ; 
but  as  the  result  of  some  experiments  with  several  forms  of  apparatus 
which  Dr.  Whitelegge  and  the  writer  have  made,  we  formed  the  opinion 
that  less  importance  should  be  attached  to  the  use  of  steam  at  high  pressures 
than  is  insisted  upon  by  Dr.  Parsons,  and  we  arrived  at  the  conclusion  that 
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even  bulky  articles  may  be  effectually  disinfected  by  steam  at  very  low 
pressure,  and  at  most  with  an  occasional  assistance  of  a  pressure  not 
exceeding  some  five  pounds  to  the  square  inch. 

Inasmuch  as  the  destruction  of  infection  is  aimed  at  as  much  in  the 
interests  of  the  public  as  of  private  individuals,  and  in  many  instances  more 
so,  it  is  fitting  that  it  should  be  carried  out  by  local  authorities  at  the  public 
expense,  and  the  medical  officer  should  endeavour  to  get  this  accomplished 
in  his  district. 

In  the  event  of  the  authority  possessing  no  disinfecting  apparatus,  he 
will  sometimes  have  to  advise  them  to  exercise  their  powers  of  having  infected 
articles  destroyed  and  paying  compensation  for  them. 

When  he  finds  any  person  suffering  from  a  dangerous  infectious  disorder 
who  is  without  proper  lodging  or  accommodation,  or  is  lodged  in  a  room 
occupied  by  more  than  one  family,  or  is  on  board  any  ship  or  vessel,  or  is 
lodged  in  any  common  lodging-house,  he  may  have  to  give  a  certificate  to 
enable  any  justice  to  order  the  removal  of  such  person  to  any  suitable 
hospital  or  place  for  the  reception  of  the  sick  which  is  within  the  district  or 
within  a  convenient  distance  of  it,  with  the  consent  of  the  superintending  body 
of  such  hospital  or  place. 

He  might  under  some  circumstances  give  a  certificate  that  any  house  or 
part  of  a  house  in  which  a  person  has  been  suffering  from  any  dangerous 
infectious  disorder,  and  any  articles  therein,  have  been  disinfected  to  his 
satisfaction,  so  as  to  allow  of  its  being  legally  let  for  hire. 

Eegulations  for  the  prevention  of  cholera  made  at  various  times  by  the 
Local  Government  Board  impose  several  duties  upon  medical  officers  of 
health  in  tlie  districts  they  relate  to :  for  example,  the  General  Order  of 
that  Board  prohibiting  the  importation  into  England  or  Wales  of  any  rags 
from  Marseilles  or  Toulon,  in  1884,  required  '  the  express  authority  in 
writing  of  the  medical  officer  of  health '  before  any  rags  from  the  above- 
named  places  which  had  been  landed  and  deposited  in  any  place  could  be 
removed  or  be  permitted  to  be  removed  therefrom,  and  it  allowed  him  to 
give  this  authority  either  conditionally  or  unconditionally ;  if  given  subject 
to  conditions  as  to  the  disinfection  or  otherwise  of  the  rags,  or  as  to  their 
destination,  the  person  having  control  over  them  had  to  have  them  removed 
and  had  to  comply  with  his  conditions  ;  it  further  made  it  the  duty  of  the 
medical  officer  of  health  to  satisfy  himself  that  the  conditions  were  duly 
complied  with. 

Other  similar  Orders  have  empowered  the  sanitary  authority  to  cause 
rags  which  had  been  landed  in  contravention  of  their  provisions,  unless 
immediately  re-shipped  or  exported,  to  be  destroyed,  with  such  precautions 
as  he  recommended. 

Some  regulations  made  in  1892  dealt  also  with  bedding  and  disused  or 
filthy  clothing. 

Medical  officers  of  port  sanitary  districts  should  see  that  apparatus 
capable  of  disinfecting  bales  of  rags  is  provided  and  constantly  kept  in  good 
working  order,  and  should  be  prepared  with  some  safe  place  for  the  deposit 
of  suspected  articles  until  they  can  be  disinfected  or  destroyed. 

The  Cholera  Begulations  of  that  Board  now  in  force  are  dated  August 
28,  1890,  and  September  6,  1892.  Under  them  the  term  '  medical  officer  of 
health'  includes  any  duly  quaUfied  medical  practitioner,  appointed  by  a 
sanitary  au.thority,  to  act  in  the  execution  of  the  orders. 

Whenever  a  sanitary  authority  receives  notice  from  an  officer  of  Customs 
that  he  has  detained  any  ship  known  or  suspected  to  be  infected  with  cholera, 
their  medical  officer  of  health  must  forthwith  visit  and  examine  her  for  the 
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purpose  of  ascertaining  whether  she  is  infected  with  cholera.  If  he  have 
reason  to  believe  that  any  ship  coming  or  being  within  the  jurisdiction  or 
district  of  the  sanitary  authority,  whether  examined  by  the  of&cer  of  Customs 
or  not,  is  infected  with  cholera,  he  must,  or  if  she  have  come  from  a  place 
infected  with  cholera,  he  may  visit  and  examine  her,  for  the  purpose  of 
ascertaining  whether  she  is  so  infected,  and  the  master  of  the  ship  is  obHged 
to  permit  him  to  do  so. 

In  either  case,  if  the  medical  officer  is  of  opinion  that  the  ship  is  infected, 
he  must  forthwith  give  a  certificate  to  that  effect  in  duplicate,  in  a  form  pre- 
scribed by  the  Order,  and  must  deUver  one  copy  to  the  master,  and  retain  the 
other  or  transmit  it  to  the  sanitary  authority. 

He  must  then,  as  soon  as  possible,  examine  every  person  on  board,  and  if 
he  finds  anyone  suffering  from  cholera,  or  any  suspicious  illness,  he  must 
certify  accordingly ;  and  any  person  who  is  not  so  certified  by  the  medical 
officer  will  not  be  permitted  to  land  unless  he  is  satisfied  as  to  his  name, 
place  of  destination,  and  address  at  such  place.  He  must  then  forthwith 
give  the  name  and  address  of  any  such  person  to  the  clerk  to  the  sanitary 
authority,  who  has  to  transmit  it  to  the  local  authority  of  the  place  of 
destination. 

Every  person  certified  by  the  medical  officer  of  health  to  be  suffering  from, 
cholera  must  be  removed,  if  his  condition  admits  of  it,  to  some  hospital  or 
other  place  of  isolation  appointed  by  the  sanitary  authority,  and  may  not  be 
removed  therefrom  until  the  medical  officer  has  certified  that  he  is  free  from 
the  disease.  If  such  person  cannot  be  removed,  the  ship  must  remain  subject,, 
for  the  purposes  of  the  Order,  to  the  control  of  the  medical  officer  of  health, 
who  must  give  his  consent  in  writing  before  the  infected  person  may  be 
removed  from  or  leave  the  ship. 

Any  person  certified  by  the  medical  officer  to  be  suffering  from  any  illness 
which  he  suspects  may  prove  to  be  cholera,  may  be  detained  for  a  period 
not  exceeding  two  days,  either  on  board  the  ship  or  in  some  place  of  isolation, 
in  order  that  the  nature  of  the  illness  may  be  ascertained.  If  the  illness 
proves  to  be  cholera,  the  medical  officer  will  certify  to  that  effect  and  the 
patient  will  be  dealt  with  as  described  above. 

"Whenever  a  ship  is  certified  to  be  infected,  it  devolves  upon  the  medical 
officer  of  health  to  give  directions  and  take  such  steps  as  may  appear  to  him 
to  be  necessary  for  preventing  the  spread  of  infection,  and  the  master  of  the 
ship  must  forthwith  carry  out  his  directions. 

Wheal  any  death  from  cholera  takes  place  cm  board  a  ship  while  detained 
under  the  powers  of  the  Order,  the  sanitary  authority  or  the  medical  officer 
of  health  may  direct  the  master  either  to  take  the  dead  body  out  to  sea  and 
commit  it  to  the  deep  or  to  deliver  it  into  the  charge  of  the  authority  for 
interment. 

The  sanitary  authority  or  the  medical  officer  of  health  may  direct  the 
master  to  disinfect  or  destroy  any  infected  articles,  and  he  must  cause  the 
ship  to  be  disinfected  according  to  the  directions  of  the  medical  officer. 

The  Cholera  Eegulations  of  1892  further  provide  that  when  a  ship  is  not 
infected  with  cholera,  but  has  passengers  on  board  who  are  in  a  filthy  or 
otherwise  unwholesome  condition,  or  has  come  from  a  place  infected  with 
cholera,  the  medical  officer  of  health  may,  if  in  his  opinion  it  is  desirable^ 
with  a  view  to  checking  the  introduction  or  spread  of  cholera,  give  a  certi- 
ficate in  duplicate  to  that  effect  in  a  prescribed  form ;  then  no  person  may 
leave  the  ship  without  satisfying  him  as  to  his  name,  place  of  destination, 
and  address  at  such  place,  and  he  has  to  deal  with  that  information  as  pre- 
viously described. 

VOL.   II.  3  b 
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When  be  has  reason  to  beheve  that  any  ship  coming  or  being  within  the 
jurisdiction  of  the  sanitary  authority  is  infected  with  cholera,  or  has  come 
from  a  place  infected  with  cholera,  he  may  direct  the  bilge-water  to  be 
pumped  out  before  she  enters  any  dock  or  basin  ;  and  on  the  sanitary 
authority  providing  a  proper  supply  of  water  for  drinking  and  cooking 
purposes  for  persons  on  board,  he  may  direct  all  casks  or  tanks  on  board 
containing  water  for  their  use  to  be  emptied  and  cleansed,  and  the  master 
must  cause  his  directions  to  be  carried  into  effect. 

Where  the  Local  Government  Board,  when  any  part  of  England  appears 
to  be  threatened  with  or  is  affected  by  any  formidable  epidemic,  endemic,  or 
infectious  disease,  make  regulations  for  the  speedy  interment  of  the  dead,  for 
house-to-house  visitation,  and  for  the  provision  of  medical  aid  and  accom- 
modation, for  the  promotion  of  cleansing,  ventilation,  and  disinfection,  and 
for  guarding  against  the  spread  of  disease,  it  is  the  duty  of  the  medical 
officer  of  health  to  observe  them,  so  far  as  they  relate  to  or  concern  his  office. 
He  has  power  of  entry  on  any  premises  or  vessel  for  the  purpose  of  executing 
or  superintending  the  execution  of  any  regulations  so  made.  The  time  during 
which  that  power  may  be  exercised  is  not  restricted  to  any  specified  hom'S. 

Hospital  accommodation  for  the  isolation  of  persons  suffering  from  in- 
fectious disease  who  cannot  be  effectually  separated  from  the  healthy  in  their 
own  homes  will  demand  the  attention  of  the  medical  officer  of  health,  and  he 
will  have  to  advise  the  local  authority  to  provide  sufficient  for  the  needs  of 
his  district  if  such  does  not  already  exist. 

The  accommodation,  to  be  effectual,  must  be  in  readiness  before  the  advent 
of  an  epidemic.  Too  often  the  provision  of  it  is  left  until  such  time  as  a  dis- 
ease has  obtained  an  extensive  hold  upon  a  place,  and  then  money  is  lavishly 
■expended  in  erecting  some  temporary  accommodation,  under  the  influence  of 
panic ;  but  any  accommodation  so  provided  will  seldom  be  weU  fitted  for 
"the  future  requirements  of  the  district. 

Infectious  disease  should  not  be  left  to  be  dealt  with  by  such  temporising 
measures  ;  they  cause  needless  expense  and  entail  much  extra  labour  and 
anxiety  upon  those  concerned  with  their  administration.  They  ought  not 
to  take  the  place  of  more  permanent  provision,  but  may  often  form  a  very 
useful  adjunct. 

The  amount  and  character  of  the  accommodation  required  will  depend 
Tipon  the  locahty,  the  character  of  the  population,  and  other  local  circum- 
stances, so  that  each  case  must  be  decided  upon  its  own  merits. 

All  isolation  accommodation  must  be  entirely  free  from  any  suspicion  of 
being  connected  Avith  pauperism,  and  should  not  be  administered  by  the  des- 
titution authorities.  It  is  not  desirable  that  a  hospital  for  infectious  diseases 
should  be  situated  within  the  precincts  of  a  workhouse ;  but  if  it  is  it  should 
be  separated  from  the  premises  belonging  to  that  institution  by  substantial 
walling,  and,  if  in  a  rural  district,  it  ought  to  belong  to  and  be  under  the  con- 
trol of  the  guardians  acting  as  the  rural  sanitary  authority,  and  not  as  the 
poor  law  authority.  It  is  true  that  in  the  metropohs  the  isolation  hospitals 
are  under  the  control  of  a  poor-law  authority,  the  Managers  of  the  Metropolitan 
Asylums  District,  who  have  done  much  good  work,  but  the  Poor-Law  Act, 
1889,  gave  them  power  to  admit  into  their  hospitals  any  person  who  is  not 
a  pauper  and  is  suffering  from  fever,  small-pox,  or  diphtheria,  the  right  to 
admit  cases  of  the  last-named  disease  being  a  new  power. 

Isolation  hospitals  should  be  made  as  comfortable  and  attractive  as  cir- 
cumstances will  permit,  and  with  that  object  in  view  they  should  be  desig- 
nated by  some  euphonious  title  such  as  may  not  exert  a  deterrent  influence 
upon  those  it  is  wished  to  induce  to  use  them. 
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Inasmuch  as  the  isolation  of  infectious  disease  is  carried  out  in  the 
interest  of  the  pubhc  at  large  rather  than  of  private  individuals,  it  is 
desirable,  and  essential  for  the  successful  working  of  the  system,  that  patients 
should  not  be  charged  with  the  cost  of  their  maintenance  in  any  isolation 
hospital,  but  that  it  should  be  defrayed  at  the  public  expense,  unless  separate 
accommodation  is  required. 

In  rural  districts  a  cottage  suitably  situated  and  set  apart  for  the  purpose 
may  suffice  for  one  or  more  villages.  If  any  movable  structure  is  depended 
upon  for  several  villages,  arrangements  for  sites  upon  which  to  place  it  at  any 
time  should  be  made  so  that  there  may  be  no  delay,  with  consequent  spread 
of  infection,  when  the  occasion  for  using  it  arises.  If  tents  are  used — and 
they  have  proved  of  good  service  on  more  than  one  occasion — they  should  be 
of  the  best  construction,  their  canvas  should  be  water  and  fire  proof,  they 
must  have  double  walls  and  roofs,  be  well  ventilated,  and  have  raised  wooden 
floors  which  should  be  trenched  all  round  ;  moreover,  if  they  are  to  be  used 
in  cold  weather  there  must  be  some  provision  for  warming  them,  but  paraffin 
stoves  are  unsatisfactory  and  dangerous.  They  are  best  warmed  by  hot-water 
pipes  carried  round  them  between  the  beds  and  tent  walls,  the  boiler,  of  course, 
being  placed  in  a  separate  outside  structure ;  gas,  if  available,  would  be  the 
best,  though  perhaps  not  the  most  economical  fuel  for  heating  it.  Oil  lamps 
are  unsafe  in  tents— candles  placed  in  secure  lanterns  are  preferable,  but  if 
gas  or  electricity  can  be  had,  they  are  the  safest  means  of  lighting  them.  Gas 
jets  should  be  protected  by  wire  cages.  Buckets  filled  with  water  should  be 
always  kept  in  readiness  for  use  in  case  of  fire,  and  if  there  are  water-mains 
near,  hydrants  and  fire-hose  should  be  provided. 

In  boisterous  weather  tents  require  close  attention  and  may  give  rise  to 
much  trouble  and  anxiety ;  the  ropes  must  be  constantly  attended  to,  requir- 
ing, as  they  do,  to  be  slackened  or  tightened  as  they  become  wet  or  dry. 

If  no  provision  for  isolation  whatever  has  been  made,  an  empty  cottage,  a 
village  school,  or  even  a  barn  may  answer  the  purpose  on  an  emergency. 

In  urban  districts  of  any  size  some  permanent  accommodation  for  isolation 
should  always  be  in  readiness,  and  if  it  is  not  in  constant  occupation  the 
medical  officer  should  assure  himself  that  it  is  always  kept  dry  and  well  aired, 
so  as  to  be  fit  for  use  at  any  time.  It  should  be  so  arranged  as  to  allow  of 
ready  and  convenient  temporary  extension  in  case  of  need.  It  should  pro- 
vide for  the  reception  of  cases  of  not  less  than  two  different  diseases  at  one 
and  the  same  time  in  separate  buildings,  or  in  a  building  divided  into  two  or 
more  parts  with  no  internal  communication  whatever  between  them,  and, 
of  course,  for  the  separation  of  males  from  females.  It  will  be  found  eco- 
nomical to  have  at  any  rate  an  administrative  block  of  buildings  sufficiently 
large  for  the  fullest  probable  present  and  prospective  requirements  of  the 
district. 

Much  valuable  information  on  this  subject  will  be  found  in  the  Eeport 
on  the  Use  and  Influence  of  Hospitals  for  Infectious  Diseases,  by  Dr. 
Thorne  Thorne,  appended  to  a  Eeport  of  the  Medical  Officer  of  the 
Local  Government  Board  in  a  supplement  to  the  Tenth  Annual  Eeport  of 
that  Board,  and  also  in  a  memorandum  '  On  the  Provision  of  Isolation  Hos- 
pital Accommodation  by  Local  Authorities,'  issued  from  the  Medical  Depart- 
ment of  the  Board,  in  which  the  proper  standards  of  ward  space  are  given 
as  not  less  than  2,000  cubic  feet  of  air  space,  with  144  square  feet  of  floor 
space,  and  12  linear  feet  of  wall  space  to  each  bed.  Dr.  Thorne  recom- 
mends that  the  relation  of  window  surface  to  the  cubic  capacity  in  wards 
.should  not  vary  much  beyond  the  limits  of  1  square  foot  to  from  60  to  80 
■cubic  feet,  a  proportion  of  about  1  square  foot  to  every  70  cubic  feet  being, 
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he  considers,  as  a  rule,  the  most  advantageous.  He  states  that  in  the  Chil- 
dren's Hospital  at  Pendlebury,  due  regard  being  had  to  ventilation,  the  ward' 
air  cannot  be  maintained  equably  warm,  and  at  the  same  time  sweet, 
owing  to  a  great  extent  to  the  excessive  window  surface,  which  there  amounts 
to  1  square  foot  for  every  35  cubic  feet  of  space. 

The  memorandum  indicates  that  proper  means  are  to  be  provided  for  the- 
adequate  ventilation  and  warming  of  wards,  and  for  securmg  them  from 
closet  emanations  and  the  like  ;  that  earth-closets  maybe  used  as  the  means 
of  excrement  disposal,  but  that  water-closets  are  to  be  regarded  as  preferable 
when  efficient  sewers  are  available  ;  that  there  should  be  places  for  washing 
and  disinfection,  and  for  a  mortuary ;  that  there  should  be  an  interval  of 
40  feet  everywhere  interposed  between  every  building  used  for  the  reception 
of  infected  persons  or  things  and  the  boundary  of  the  hospital  site ;  that 
this  boundary  should  have  a  close  fence  of  sufficient  height ;  and  that  the 
40  feet  of  interval  should  not  afterwards  be  encroached  upon  by  any  temporary 
building  or  other  extension  of  the  hospital ;  that  in  determining  the  locality 
where  an  infectious  hospital  should  be  placed,  the  wholesomeness  of  the 
site,  the  character  of  the  approaches,  together  vidth  the  facihties  for  water- 
supply  and  for  slop  and  refuse  removal,  are  matters  of  primary  importance ; 
that  sites  for  hospitals  designed  to  receive  small-pox  cases  require  a  very  much 
larger  space  about  them  than  sites  for  other  infectious  diseases  hospitals ; 
small-pox  hospitals  being  apt  to  disseminate  small-pox,  their  sites  should, 
consequently,  be  placed  outside  of  towns,  and  should  be  sought  at  places  as 
far  distant  from  any  populated  neighbourhood  as  considerations  of  accessi- 
bility permit. 

The  medical  officer  of  health  will  not  improbably  be  consulted  as  to  the 
choice  of  sites  for  isolation  hospitals,  with  special  reference  to  their  influence 
on  the  surrounding  neighbourhoods.  On  this  question  he  will  find  much 
valuable  information  in  the  report  of  Dr.  Thorne,  quoted  above  ;  in  a  Keport 
on  the  Distribution  of  '  Fever '  in  the  immediate  Neighbom-hood  of  the  Lon- 
don Fever  Hospital,  by  Mr.  Shirley  F.  Murphy,  embodied  in  that  report ; 
in  three  reports  on  the  Influence  of  Fulham  Small-pox  Hospital  on  the 
Neighbourhood  surrounding  it,  by  Mr.  W.  H.  Power ;  in  the  supplements  of 
the  Tenth,  Fourteenth,  and  Fifteenth  Annual  Keports  of  the  Local  Govern- 
ment Board,  containing  reports  of  their  medical  officer ;  in  reports  by 
Mr.  Power  on  Statistics  of  Metropolitan  Small-pox  Incidence,  and  on  Small- 
pox in  West  Ham  during  1884-85,  appended  to  the  Eeport  of  the  Medical 
Officer  of  the  Local  Government  Board  for  the  year  1886 ;  and  in  the  Eeport 
of  the  Commissioners  appointed  to  inquire  respecting  Small-pox  and  Fever 
Hospitals  in  the  Metropolis,  published  in  1882. 

Dr.  Thorne  says,  with  respect  to  infectious  fevers  other  than  small- 
pox, and  especially  with  respect  to  scarlet  fever,  typhus,  and  enteric  fever  : 
'  I  have  been  unable  to  ascertain,  as  the  result  of  every  inquiry,  that  any 
spread  of  infection  has  resulted  in  the  vicinity  of  any  of  the  hospitals  visited, 
which,  apart  from  an  attack  resulting  from  a  visit  to  patients  under  treatment, 
could  in  any  way  be  attributed  to  hospital  influence.  On  the  contrary,  many 
instances  have  been  met  with  in  which  the  existence  of  cases  of  these  fevers 
near  the  hospitals  in  question  could  not  fail  to  have  become  known,  and  yet  • 
in  these  very  instances  it  so  happens  that  there  has  been  a  marked  immunity 
from  these  diseases  in  the  localities  referred  to.' 

He  states  that  instances  which  he  gives,  and  which  may  be  taken  as 
characteristic  of  the  experience  gained  during  the  course  of  his  inquiry,  '  tend 
to  show  that  in  well-administered  hospitals  having  an  open  space  of  some 
40  feet  between  the  hospital  wards  and  any  neighbouring  thoroughfares  or 
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'  dwellings,  no  risk  of  the  spread  of  infection  from  scarlet  fever,  typhus,  and 
■enteric  fever  need  be  apprehended.'  But  inasmuch  as  in  none  of  the  instances 
he  records  '  was  the  available  experience  spread  over  any  long  term  of  years, 
neither  did  the  patients  under  treatment  from  any  of  the  diseases  named 
for  any  length  of  time  exceed  some  forty  in  number,'  he  quotes  the  following 
facts  gathered  from  the  more  extended  investigation  of  Mr.  Shirley  Murphy 
in  his  Keport  on  the  Influence  of  the  London  Fever  Hospital : — 

'  1.  A  not  inconsiderable  population  in  Islington  has  for  many  years  past 
resided  in  houses  at  a  distance  varying  from  36  feet  to  71  feet  of  the  London 
Fever  Hospital  buildings,  from  49  feet  to  80  feet  of  the  wards  themselves,  and 
from  22  feet  to  33  feet  of  the  hospital  gardens  used  by  the  patients ;  the  gardens 
belonging  respectively  to  the  houses  and  to  the  hospital,  being  only  separated 
by  a  boundary  wall. 

'  2.  For  a  term  of  several  years  there  were  under  treatment  at  one  and  the 
same  time  in  the  hospital  wards  from  100  to  200  typhus  patients,  along 
with  a  score  or  two  of  scarlet  fever  and  enteric  fever  patients  ;  during  several 
months  of  this  period,  and  by  the  aid  of  special  temporary  provision,  accom- 
modation was  found  for  the  simultaneous  isolation  of  from  200  to  300  re- 
lapsing fever  patients  ;  and  during  a  later  period,  the  hospital  being  used  for 
little  but  scarlet  fever  and  enteric  fever,  it  has  contained  at  one  and  the  same 
time  from  80  to  100  scarlet  fever,  and  some  30  to  40  enteric  fever  patients. 

'  3.  As  regards  the  relation  between  the  two  things  as  measured  by  such 
inquiry  as  it  was  practicable  to  make,  the  following  appear : — Not  a  single 
case  either  of  typhus  or  relapsing  fever  could  be  heard  of  as  having  occurred 
amongst  the  population  in  question.  As  regards  scarlet  fever  and  enteric 
fever,  there  had  been  certain  cases  in  the  adjoining  houses  during  the  years 
covered  by  the  inquiry.  Making,  however,  such  estimate  as  he  could  respect- 
ing the  number  of  such  cases  to  be  expected  in  this  population,  according  to 
the  prevalence  of  scarlet  fever  and  enteric  fever  about  London  generally, 
Mr.  Murphy  judges  that  the  observed  number  and  the  estunated  number  are 
practically  identical.' 

Dr.  Thorne  further  observes:  'With  regard  to  some  other  infectious 
fevers,  such  as  diphtheria,  measles,  &c.,  no  sufficient  information  was  ob- 
tained to  warrant  any  decided  conclusion  as  to  the  spread  of  these  infec- 
tions being  arrived  at  as  the  result  of  this  inquiry,  but  there  can  be  little 
doubt  that  these  diseases  may  be  judged  of  in  the  light  of  the  experience 
gained  with  respect  to  those  which  have  already  been  considered.' 

As  regards  small -pox  he  observes  :  '  Owing  to  the  very  limited  information 
■  on  this  point  which  was  elicited  during  the  inquiry,  I  find  it  difficult  to  draw 
any  further  conclusion  than  that  conditions  of  hospital  construction  and 
administration  which  have  sufficed  to  prevent  the  spread  of  scarlet  fever, 
typhus,  and  enteric  fever  are  not  proved  to  be  adequate  to  prevent  the  spread 
•of  small-pox.  It  may  be  worth  noting  in  this  connection  that  in  all  the 
instances  in  which  the  latter  disease  was  alleged  to  have  been  spread  beyond 
the  hospital  limits,  the  other  infectious  fevers  had  been  under  treatment,  and 
no  such  spread  had  taken  place.' 

Next  in  point  of  time  came  Mr.  Power's  first  Eeport  on  the  Influence  of 
-the  Fulham  Small-pox  Hospital.  His  inquiry  was  made  in  1881,  and  was 
entered  upon  in  consequence  of  allegations,  made  to  the  Local  Government 
Board,  that  large  small-pox  hospitals  are  dangerous  to  the  neighbourhoods 
in  which  they  are  situated.  He  prefaces  the  report  with  the  remark  that 
'  the  circumstances  of  the  Fulham  Hospital  probably  have  a  broad  resem- 
blance to  those  of  other  London  small-pox  hospitals  in  respect  of  the  subject 
-of  these  allegations  ;  and  the  lessons  to  be  learned  from  the  present  inquiry 
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will  probably  not  bewitbout  their  application,  7nutatis  mutaiidis,  to  small-pox 
hospitals  in  other  parts  of  the  country.' 

He  conducted  a  long  and  intricate  investigation  during  the  time  an  out- 
break of  small-pox  was  actually  in  progress,  and  compared  the  results  he 
arrived  at  with  the  behaviour  of  small-pox  in  the  neighbourhood  of  the 
hospital  during  former  epidemic  periods.  He  found  sufficient  evidence  of 
similar  experiences  on  those  occasions,  and  summarised  his  conclusions  in 
the  following  terms  : — 

*  1.  There  has  been  in  each  epidemic  period  an  excessive  incidence  of  small- 
pox on  houses  in  the  neighbourhood  of  the  hospital  as  compared  with  more 
distant  houses  in  Chelsea,  Fulham,  and  Kensington. 

'  2.  The  percentage  of  houses  invaded  in  the  neighbourhood  of  the  hospital 
has  become  gradually  smaller  as  the  distance  of  the  houses  from  the  hospital 
has  increased. 

'  This  gradation  has  been  very  exact  and  very  constant. 

'  3.  Houses  upon  the  chief  Hnes  of  human  intercourse  with  the  hospital 
have  not  suffered  more  than  houses  lying  in  other  directions  from  the 
hospital. 

'  4.  In  point  of  time  there  has  been  a  very  marked  relation  between  the 
varying  use  of  the  hospital  and  the  manifestations  of  excessive  small-pox  ia 
the  neighbourhood. 

'  This  relation  has  not  shown  itself  while  the  use  of  the  hospital  has  been 
for  convalescents  only. 

'5.  The  appearance  of  excessive  small-pox  in  houses  around  the  hospital 
has  never  been  delayed  until  the  hospital  has  become  full  or  nearly  fuU.  It 
has  been  always  most  remarkable  at  the  time  when  admissions  to  the  hospital 
were  beginning  to  increase  rapidly. 

'  In  the  succeeding  months  of  active  operations,  though  the  use  of  the 
hospital  may  have  gone  on  increasing,  the  excess  of  small-pox  upon  the 
neighbourhood  has  habitually  become  less  marked. 

'  6.  On  comparison  of  different  epidemics,  an  almost  constant  ratio  is 
observed  between  the  amount  of  the  hospital  operations  and  the  degree  of 
excess  of  small-pox  in  the  neighbourhood.' 

The  administrative  circumstances  of  the  hospital,  and  the  sufficiency  of 
these  to  account  for  the  observed  results,  next  claim  Mr.  Power's  attention. 
Every  detaU  having  been  inquired  into  with  much  exactitude,  he  proceeds  to 
other  conclusions  in  his  report,  thus  : — 

'  It  becomes  necessary,  therefore,  to  formulate,  as  a  further,  and,  to  me, 
unexpected  result  of  the  present  inquiry,  the  following  additional  proposi- 
tions : — 

'  7.  The  machinery  of  the  hospital  administration,  with  inclusion  of 
defects  in  that  machinery,  does  not  account  for  the  pecuHarity  of  small-pox 
incidence  within  the  three  parishes  of  Chelsea,  Fulham,  and  Kensington  since 
the  establishment  of  the  hospital. 

'  8.  There  must  have  been  some  condition  or  conditions  operating  to 
produce  the  observed  distribution  of  small-pox  around  the  hospital  that  have 
pertained  to  the  hospital  as  such,  and  that  have  been  in  excess  of  the  condi- 
tion of  small-pox  extension  as  usually  recognised.' 

Mr.  Power  next  proceeds  to  discuss  the  meteorological  circumstancea 
possibly  affecting  the  wide  aerial  dissemination  of  small-pox  around  the 
hospital  which  he  feels  constrained  to  believe  in,  and  arrives  at  the  following 
additional  conclusions  : — 

'  9.  During  the  present  epidemic  period,  and  most  probably  during  former 
similar  periods,  there  has  arisen  in  the  atmospheric  circumstances  of  the 
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time  pecuKar  facility  for  the  dissemination  in  an  undamaged  state  of  any 
matter  that  may  have  been  given  off  from  the  hospital.' 

Commenting  on  this  report,  Dr.  (now  Sir  George)  Buchanan  says  :  *  Look- 
ing to  the  great  and  prolonged  care  and  thought  that  Mr.  Power  has  given 
to  his  inspection,  and  to  the  appearances  of  uniform  law  in  the  results  which 
he  reluctantly  announces,  I  have  no  choice  but  to  accept  the  above  conclu- 
sions, and  to  beheve  that  the  Fulham  Hospital,  with  all  its  advantages  of  site 
and  construction,  and  with  the  many  excellencies  of  its  administration,  has, 
by  dissemination  of  small-pox  material  through  the  atmosphere,  given  rise 
to  an  exceptional  prevalence  of  small-pox  in  its  neighbourhood.' 

The  Eeport  of  the  Commission  to  inquire  respecting  Small-pox  and  Fever 
Hospitals  in  the  Metropolis  of  1881  contains  matter  of  much  interest  and 
importance.  In  it  the  Commissioners  state  :  '  That  by  some  means  or  other 
the  Asylums  Hospitals  in  their  present  shape  cause  an  increase  of  small-pox 
in  their  neighbourhoods  appears  to  us  clearly  estabhshed  by  the  experience 
of  these  five  hospitals  during  the  last  ten  years.  .  .  .  We  cannot  but  con- 
clude that  the  increase  of  small-pox  near  these  hospitals  which  has  been  so 
uniformly  subsequent  to  their  being  brought  into  full  working,  has  also  been 
consequent  on  it.' 

In  discussing  whether  hospitals  are  centres  of  infection  ^er  se  they 
remark  :  '  It  is  indisputed  that  actual  contact  with  a  small-pox  patient,  or 
with  a  body  which  has  been  in  actual  contact  with  one,  is  not  necessary  for 
the  propagation  of  the  disease,  or,  in  other  words,  that  the  infective  matter 
of  small-pox  spreads  at  least  a  few  yards  through  the  atmosphere. 

'  We  have  to  inquire  how  far  at  the  utmost  the  infection  can  spread,  and 
under  what  conditions  it  can  spread  beyond  the  generally  admitted  distance  ; 
and  unfortunately  in  the  present  state  of  ascertained  facts  it  is  not  possible 
to  give  a  conclusive  answer  to  either  of  these  questions.  Eespecting  the 
distance  to  which  infection  may  spread,  the  evidence  will,  indeed,  show  that 
the  opinions  of  those  who  have  most  studied  the  subject  vary  from  a  maximum 
range  of  ten  yards  to  that  of  one  or  two  miles.  And  when  we  have  asked 
the  practical  question — -What  breadth  of  ground  should  be  left  open  round  a 
hospital  in  order  that  its  neighbours  may  be  in  a  state  of  reasonable  safety 
from  its  effects  ?  we  have  received  answers  ranging  from  sixteen  or  twenty- 
four  feet  to  half  a  mile.  So  also  with  regard  to  the  conditions  under  which 
infection  may  spread  most  widely,  of  which  conditions  the  number  of  cases 
collected  together  is  by  many  regarded  as  of  most  importance.  If  we  endea- 
vour to  ascertain  what  number  of  small-pox  patients  may  be  treated  in  the 
same  hospital  without  appreciable  effect  on  the  health  of  the  neighbourhood, 
we  find  that  Sir  W.  Gull  considers  that  twenty  acute  cases  are  a  large  number 
to  have  in  a  hospital.  Mr.  Bostock  and  Dr.  Gayton  think  that  fifty  or  sixty 
would  be  safe,  or  tolerably  so.  If  the  cases  are  not  acute  but  mixed,  Dr. 
Bridges,  Mr.  Bostock,  Dr.  Munk,  and  Sir  James  Eisdon  Bennett  incline  to 
a  maximum  of  100.  Dr.  Tripe,  who  has  carefully  watched  the  working  of 
Homerton  Hospital,  declares  that  no  mischief  has  occurred  there  while  the 
number  of  (mixed)  cases  was  under  eighty,  and  suggests  a  limit  of  100,  or  at 
most  150. 

'  The  larger  of  these  numbers  is  also  suggested  by  the  Society  of  Medical 
Officers  of  Health,  while  Sir  W.  Jenner  strenuously  protests  even  against 
the  smaller.  Even  those  authorities  who  are  disposed  to  reject  the  idea  of 
distant  atmospheric  dissemination  are  not  generally  disposed  to  exceed  a 
maximum  of  150.' 

Eeferring  to  Mr.  Power's  report,  the  Commissioners  say  :  '  It  is  very  diffi- 
cult to  estimate  the  value  of  Mr.  Power's  analysis,  and  it  would,  therefore,  be 
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useless  here  to  reproduce  it.  We  will  only  say  tliat  it  is  very  careful,  but 
that  it  must  be  accepted  subject  to  all  that  we  have  said  respecting  the  extent 
to  which  small-pox  is  capable  of  being  propagated  through  unexpected  and 
undiscernible  channels. 

*  On  the  whole,  the  following  appears  a  fair  resume  of  the  case  for  atmo- 
spheric dissemination  founded  on  the  evidence  brought  before  us,  in  giving 
which  we  adopt  freely  Mr.  Power's  language  : — 

'  We  find  ia  each  epidemic  period  an  excessive  incidence  of  small-pox  in 
the  neighbourhood  of  the  hospital  as  compared  with  that  at  a  distance. 

'  Comparing  epidemic  with  epidemic,  we  find  that  the  aggregate  incidence 
varies  with  the  amount  of  hospital  operations. 

'  Analysing  the  incidence,  we  find  that  the  proportion  of  houses  invaded  by 
small-pox  decreases  as  they  are  more  distant  from  the  hospital  with  a  regu- 
larity strongly  suggestive  of  a  natural  law. 

'  And  examining  the  incidence  from  fortnight  to  fortnight  we  find  that 
the  number  of  cases  of  small-pox  arising  in  the  neighbourhood  varies  gene- 
rally with  the  number  of  acute  cases  under  treatment  in  the  hospital. 

'  In  a  special  and  carefully  studied  outbreak  of  disease  we  find  a  large 
number — an  unusually  large  number,  it  is  said — of  independent  cases  which 
cannot,  after  the  most  minute  inquiry,  be  connected  with  the  personal  com- 
munications of  the  hospital,  or  with  any  other  source  of  infection  by  contact, 
and  particularly  that  the  houses  on  the  lines  of  human  intercourse  have  not 
suffered  more  than  other  parts  of  the  same  neighbourhood.  Lastly,  we  have 
in  atmospheric  dissemination  a  vehicle  of  contagion  of  admitted  potency 
within  a  certain  range,  and  capable,  if  we  suppose  that  potency  to  have  been 
hitherto  underrated,  of  producing  exactly  all  these  results. 

'  On  the  other  hand,  against  a  behef  in  widely  extending  atmospheric 
dissemination,  it  may  be  urged  : 

'  That  the  number  of  facts  supporting  it  is  at  present  too  small. 
'  That  the  chief  of  these  facts  have  been  observed  in  the  case  of  only  one 
hospital. 

'  That  the  evidence  in  disproof  of  sufficient  personal  communication  in 
the  neighbourhood  of  this  hospital  is  necessarily  very  negative  and  incom- 
plete. 

'  And  that  the  immunity  of  persons  living  near  small-pox  hospitals,  if 
guarded  from  all,  even  indirect,  personal  communication  with  their  inmates, 
is  quite  inconsistent  with  the  belief  in  infection  by  particles  carried  far  through 
the  air. 

'  The  following  are  instances  of  this  immunity  : — 

'  The  City  of  London  Workhouse,  which  overlooks  the  Homerton  Small- 
pox Hospital,  and  is  distant  from  it,  window  to  window,  only  90  feet,  had 
scarcely  any  cases  in  the  epidemics  of  1871  and  1877,  when  the  disease  was 
extremely  prevalent  in  the  surrounding  streets,  although  at  that  time  the 
inmates  were  not  protected  by  re-vaccination.  The  same  may  be  said  of  the 
Hackney  Union  Workhouse  and  Infirmary,  which  are  about  a  quarter  of  a 
mile  from  the  Homerton  Small-pox  Hospital,  and  therefore  well  within  the 
area  supposed  to  be  affected  by  aerial  contamination. 

'At  Highgate,  the  Central  Sick  Asylum  Infirmary,  with  400  or  500 
inmates,  is  within  200  feet  of  the  Small-pox  Hospital,  and  there  has  been  very 
little  small-pox  there,  certainly  not  more  than  at  other  poor-law  infirmaries 
remote  from  hospitals.  At  the  Holborn  Union  Infirmary,  Highgate,  distant 
about  a  quarter  of  a  mile  from  the  hospital,  such  cases  as  occurred  were 
traceable  to  the  visitation  of  friends. 

'  At  Homerton  the  Fever  Hospital  and  the  SmaU-pox  Hospital  are  in  close 


THE  MEDICAL   OFFICER   OF  HEALTH  793 

proximity  within  the  same  enclosure,  but  very  few  instances  have  occurred  in 
which  fever  patients  or  convalescents  have  contracted  small-pox.  In  1876 
it  became  necessary  to  receive  small-pox  cases  into  the  Fever  Hospital,  and  for 
some  time  there  were  fever  cases  at  the  west  end  and  small-pox  at  the  east 
end,  but  there  was  not  a  single  case  of  small-pox  among  the  fever  patients, 
and  not  a  single  case  of  fever  among  the  small-pox  patients. 

'  One  point  appears  to  have  made  so  much  impression  on  several  important 
witnesses  that  it  should  be  specially  noticed.  Mr.  Power  himself  clearly  per- 
ceives and  fully  admits  that  the  graduated  distribution  of  disease  around  the 
hospitals,  which  is  so  remarkably  illustrated  in  his  report,  is  as  explicable  by 
personal  communication  as  by  atmospheric  dissemination.  "  With  such  a 
hypothesis,''  he  says,  meaning  that  of  dissemination,  "  equally  as  with  a 
hypothesis  of  conveyance  by  human  movements,  the  gradation  of  hospital 
influence  from  centre  to  periphery  woitld  he  in  complete  accordance.  .  .  ."  We 
think  it  right  thus  to  report  the  chief  grounds  for  accepting  or  rejecting  the 
theory  of  distant  atmospheric  dissemination  of  small-pox.  But  we  feel  that 
so  long  as  it  is  not  proved  that  "  personal  communication  "  is  adequate  to  the 
explanation  of  the  whole  spread  of  small-pox,  and  so  long  as  distant 
"atmospheric  dissemination"  is  not  shown  to  be  in  the  highest  degree 
improbable,  so  long  is  it  essential  that  in  the  construction  and  management 
of  small-pox  hospitals  both  sources  of  danger  should  be,  with  the  utmost  care, 
guarded  against. 

'  And  in  this  conclusion  we  are  more  than  supported  by  the  opinions  of 
witnesses  of  the  greatest  authority,  including  Sir  William  Jenner,  Sir  William 
Gull,  Sir  James  Eisdon  Bennett,  and  Mr.  (now  Sir  John)  Simon.' 

With  regard  to  hospitals  for  fevers  other  than  small-pox,  the  Commissioners 
say :  '  It  is  therefore  extremely  fortunate  that  all  evidence  goes  to  show  that 
well-conducted  fever  hospitals  involve  no  appreciable  risk  to  the  neighbour- 
hood. This  is  the  testimony  as  well  of  the  medical  superintendents  of  the 
Asylums  and  other  fever  hospitals  as  of  the  officers  of  health  who  are  in 
charge  of  the  districts  in  which  these  hospitals  exist.  Nor  have  we  received 
any  statements  of  an  opposite  tendency.' 

They  state  that  it  is  evidently  of  paramount  importance  that  the  areas  of 
the  small-pox  wards,  as  well  as  their  administration,  should  be  rigorously 
separated  from  those  of  the  fever  hospitals,  and,  further,  that  their  construc- 
tion should  be  such  as  to  reduce  within  the  smallest  limits  the  chance  of 
spreading  infection — such,  for  instance,  as  was  suggested  to  them  by  Dr. 
Burdon  Sanderson,  which  he  considered  would  render  it  possible  to  combine 
efficient  ventilation  with  the  collection  of  the  whole  of  the  air  contaminated 
by  the  proximity  of  the  patients,  in  such  a  way  as  to  expose  it  either  to  the 
disinfecting  action  of  heat  or  to  submit  it  to  any  other  process  of  disinfection 
that  might  be  judged  useful. 

In  their  '  Practical  Eecommendations  '  they  state  :  '  We  are  of  opinion  that 
the  provision  of  hospital  accommodation  for  persons  suffering  from  infectious 
disease  in  the  metropolitan  districts  should  be  entirely  disconnected  from  the 
administration  of  the  poor  law,  and  treated  as  part  of  the  sanitary  arrange- 
ments of  the  metropolis.  .  .  .  Within  the  hospital  those  who  are  desirous 
of  being  placed  in  separate  wards  should  be  allowed  such  accommodation  on 
paying  for  it.  In  case  of  ordinary  accommodation  it  appears  to  us  a  question 
whether  payment  should  be  claimed  even  from  those  who  can  make  payment 
without  difficulty.'  They  also  recommend  that  the  entrance  appropriated  to 
the  sick  should  be  entirely  separate  from  that  of  the  tradesmen,  contractors, 
and  others  ;  that  the  hospital  authorities  should  have  the  entire  control  of 
the  ambulances,  by  which  all  other  modes  of  conveyance  should  be  as  far  as 
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possible  superseded  ;  and  that  various  other  obvious  precautions,  mainly  for 
the  protection  of  the  neighbourhood,  should  be  strictly  enforced. 

These  recommendations  are  equally  adapted  to  all  hospitals  for  infectious 
diseases  wherever  they  may  be  situated. 

Mr.  Power  records  as  the  result  of  his  later  observation  (1881  to  1884)  of" 
the  influence  of  Fulham  Small-pox  Hospital  on  the  neighbourhood  surround- 
ing it,  in  his  report  made  in  1885,  that  notwithstanding  improvements  in 
administrative  circumstances  since  his  inquiry  of  1881,  consisting  in  the 
limitation  of  the  number  of  patients  to  a  maximum  of  thirty-live,  the  re- 
modelling of  the  internal  administration  of  the  hospital  for  the  purpose  of  re- 
ducing the  number  of  communications  of  the  hospital  staff  with  the  outside 
world,  the  reduction  and  efficient  supervision  of  communications  of  the  out- 
side world  with  the  hospital,  and  the  vigilant  supervision  of  the  ambulance 
traffic  of  the  hospital : — 

'  1.  There  has  occurred  during  the  epidemic  prevalence  of  small-pox  in 
1884  (in  the  same  way  as  before  recorded  for  1881)  an  excessive  incidence 
of  the  disease  on  houses  in  the  neighbourhood  of  Fulham  Hospital  as  com- 
pared with  more  distant  houses  in  Chelsea,  Fulham,  and  Kensington. 

'  2.  The  percentage  of  houses  invaded  in  the  neighbourhood  of  the 
hospital  has  become  gradually  smaller  as  the  distance  of  the  houses  from  the 
hospital  has  increased. 

'  3.  Houses  upon  the  chief  lines  of  human  intercourse  with  the  hospital 
have  not  suffered  more  than  houses  lying  in  other  directions  from  the 
hospital. 

'  4.  In  point  of  time,  the  excessive  incidence  on  the  neighbourhood  of  the 
hospital  has  only  been  observed  while  the  hospital  has  been  in  use  for  the 
treatment  of  small-pox. 

'  5.  The  appearance  of  excessive  small-pox  in  the  houses  around  the 
hospital  was  not  delayed  until  the  cases  under  treatment  there  approached 
the  maximum  attained  during  the  year.  During  succeeding  fortnights  of 
active  operations,  while  use  of  the  hospital  increased,  the  excess  of  small-pox 
upon  the  neighbourhood  became  less  marked. 

'  In  each  of  the  foregoing  respects  the  relation  of  the  hospital  to  the  pre- 
valence of  small-pox  in  the  houses  of  its  neighbourhood  has  been,  in  1881 
and  1884,  identical  with  that  recorded  in  my  former  report  as  having  existed 
in  previous  epidemic  periods.  But  I  have  obtained  a  new  experience  from 
the  1884  epidemic.     It  is  this  : — 

'  6.  The  excess  of  small-pox  on  the  neighbourhood  of  the  hospital  was 
quite  and  specially  remarkable  at  a  time  when  the  total  admissions  to  hospital 
had  not  exceeded  nine. 

'  7.  The  communications  of  the  hospital  with  the  outer  world  give  no 
indication  of  having  determined  the  behaviour  of  small-pox  in  the  neighbour- 
hood of  the  hospital,  and  may  be  affirmed  not  to  have  had  concern  with  the 
outburst  of  the  disease  at  the  beginning  of  June. 

'  8.  In  so  far  as  communications  of  the  hospital  with  the  outer  world 
have  at  any  time  operated  to  produce  the  small-pox  witnessed,  either 
their  efficiency  to  this  end  has  been  greatest  when  the  number  of  them  was 
least  and  the  amount  of  small-pox  infection  liable  to  be  conveyed  by  them 
was  at  a  minimum,  or  else  the  infection-material  distributed  in  the  special 
area  by  these  agencies  during  the  first  week  of  hospital  operations  must 
have  possessed  far  greater  potency  than  that  spread  by  them  in  subsequent 
weeks. 

'  9.  There  is  evidence,  alike  from  the  experience  of  1881  and  of  1884, 
that  small-pox  has  on  occasions  spread  round  the  hospital  to  houses  at  all 
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points  of  the  compass  in  such  a  way  that  its  spread  cannot  be  accounted  for 
unless  its  contagium  has  been  conveyed  through  the  general  atmosphere. 
On  such  occasions  there  has  been  coincident  peculiarity  of  atmospheric 
conditions. 

'  10.  Neither  a  hypothesis  of  mediate  distribution  of  small-pox  by  means 
of  hospital  traffic,  nor  a  simple  hypothesis  of  direct  atmospheric  convection 
of  hospital-derived  infection  suffices  to  explain  the  very  pronounced  ability  of 
small-pox  in  May,  and  its  relative  disability  in  July,  to  extend  itself  in  the 
neighbourhood  of  the  hospital. 

'  11.  There  has  probably  existed  at  Fulham  some  condition  or  conditions 
in  excess  of  those  heretofore  recognised  as  affecting  small-pox  that  have 
operated  to  produce  greater  infectivity  of  small-pox  cases  in  May  than  in  later 
months  of  the  summer  of  1884.' 

Dr.  (now  Sir  George)  Buchanan,  commenting  on  this  report  in  his  Eeport 
for  1884,  says  : — 

'  Mr.  Power  has,  I  think,  established  very  strong  grounds  for  believing 
the  spread  of  small-pox  from  Fulham  Hospital  in  1884  to  have  taken  place 
in  the  same  way  as  he  regarded  it  as  having  occurred  in  1881 ;  and  as  re- 
spects the  conditions  for  the  occurrence  of  such  a  spread,  he  gives  reason  for 
expecting  that  other  factors  determining  this  ability  of  small- pox  remain  to 
be  discovered,  some  of  them  being  concerned  in  the  very  nature  of  small-pox 
itself.  .  .  .  There  are  not  a  few  indications,  subsequent  to  the  Eeport  of  the 
Commission  of  1881,  tending  to  the  conclusion  that  the  Asylums  Hospitals 
in  their  present  shape  continue  to  cause  an  increase  of  small- pox  in  their 
several  neighbourhoods.' 

Mr.  Power's  further  observations  (1884-85)  on  the  same  subject  entirely 
corroborated  his  previous  experiences,  and  enabled  him  to  reaffirm  the  con- 
clusions he  had  already  laid  down. 

In  his  comments  on  these  observations,  in  his  Eeport  for  1885,  Sir 
George  Buchanan  thus  expresses  himself: — '  The  whole  of  the  experi- 
ences now  on  record  concerning  the  districts  of  London  which  are  in 
special  relations  with  small-pox  hospitals  combine,  I  think,  to  form  a  very 
strong  corroboration  of  the  view  of  the  Commission  of  1881,  that  in  the 
metropolis  all  small-pox  hospitals  share  the  disastrous  ability  of  Fulham 
Hospital  to  spread  small-pox  "  by  some  means  or  other  "  (as  the  Commission 
has  it)  over  the  neighbourhoods  around  them.  This  ability  is  now,  I  hold, 
proved  to  extend  to  the  distance  of  at  least  a  mile,  and  to  be  independent  of 
lines  of  human  communication.  It  has  now  (Eeports  of  1884-85)  been  shown 
to  be  exerted  when  the  number  of  acute  cases  in  a  hospital  has  been  restricted 
to  twenty  or  thirty,  and  it  was  on  one  occasion  exerted  when  only  five  acute 
cases  were  in  hospital  together.  It  has  not  been  extinguished,  as  Mr.  Power's 
recent  researches  and  the  reports  of  health  officers  show,  by  the  regulation 
of  methods  of  transit,  or  by  the  removal  of  opportunities  for  personal  com- 
munication with  patients  in  hospital.' 

Inasmuch  as  the  medical  officer  of  health  may  not  improbably  be  called 
upon  to  advise  the  local  authority  respecting  the  subject-matter  of  these  re- 
ports, it  is  essential  that  he  should  be  master  of  them  all. 

As  the  result  of  the  vast  experience  they  embody  his  advice  should  be 
that,  whereas  in  the  case  of  a  hospital  for  infectious  diseases  other  than  small- 
pox a  moderate  degree  of  site  isolation  will  suffice,  it  is  far  otherwise  with  a 
small-pox  hospital,  which  ought  to  be  as  far  removed  from  populous  parts  as 
local  circumstances  and  considerations  of  accessibility  will  permit,  and  ought 
not  to  be  placed  in  the  vicinity  of  any  hospital  for  other  diseases.  Difficulty 
in  securing  a  suitable  site  may  be  experienced,  and  considerations  of  that 
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Mnd  may  influence  his  advice,  for  under  such  circumstances  he  may  feel 
warranted  in  sanctioning  one  which  he  would  not  otherwise  be  satisfied 
with  ;  but  those  objections  are  less  hkely  to  be  raised  in  respect  of  any  site 
which  is  remote  from  dwelling-houses  or  land  which  is  likely  to  be  built 
upon. 

Where  circumstances  of  locahty  permit,  he  may  even  feel  it  advisable  to 
recommend  the  use  of  a  floating  river  hospital  for  the  isolation  of  small-pox 
patients,  if  great  difficulty  in  acquiring  a  suitable  land  site  is  experienced. 

Where  an  isolation  hospital  is  situated  within  the  range  of  a  system  of 
telephonic  communication  it  should  be  connected  therewith. 

Medical  attendance  on  the  patients  is  in  no  way  included  in  the  ordinary 
duties  of  the  medical  officer  of  health,  but  the  local  authority  may  make 
special  arrangements  with  him  to  undertake  it,  and  in  that  case  should  grant 
him  extra  remuneration. 

Although  the  control  of  the  administration  of  such  hospitals  is  not 
specifically  aUuded  to  in  the  Orders  of  the  Local  Government  Board  relating 
to  him,  it  is  fitting  that  the  medical  officer  of  health  should  assume  that  as 
one  of  his  duties,  and  he  will  concern  himself  with  the  framing  and  strict 
enforcement  of  regulations  to  be  observed  by  the  patients  and  staff  of  any 
hospital  with  the  view  of  preventing  it  from  becoming  a  centre  of  infection 
by  its  incidents.  He  will  see  that  the  friends  of  patients  are  allowed  to  visit 
them  only  in  case  of  dangerous  illness  or  approaching  death ;  that  proper 
precautions  are  taken  against  the  conveyance  of  infection  by  persons  visiting 
the  patients  or  by  tradesmen  or  others  having  business  at  the  hospital,  by 
the  despatch  of  letters  insufficiently  disinfected,  by  the  communication  of 
officers,  attendants,  and  nurses  with  the  outside  world,  by  the  exposure  of 
infected  bedding  or  clothing,  or  by  imperfect  drainage  arrangements. 

He  should  see  that  the  nursing  staff  is  ample  and  thoroughly  efficient ; 
that  all  due  consideration  is  had  for  the  health  and  comfort  of  the  nurses  in 
the  performance  of  their  arduous  and  responsible  duties  ;  and  that  while 
sufficient  rest  and  recreation  are  allowed  to  them,  their  departures  from  the 
precincts  of  the  hospital  should  not  be  needlessly  frequent. 

He  should  insist  upon  all  nurses  and  other  persons  employed  in  or  about 
a  small-pox  hospital  being  efficiently  protected  by  vaccination  or  re-vacci- 
nation. 

The  ambulance  will  demand  the  attention  of  the  medical  officer ;  he  will 
have  to  see  that  means  are  provided  for  the  conveyance  of  persons  suffering 
from  infectious  disease  to  any  hospital  for  their  reception  which  may  be 
available. 

It  is  undesirable  that  any  public  vehicle  should  be  used  for  the  purpose, 
even  if  it  is  thoroughly  disinfected  after  each  time  of  use. 

The  conveyance  may  with  advantage  be  one  of  the  specially  constructed 
ambulances.  These  are,  perhaps,  best  adapted  for  large  towns.  In  smaller 
districts,  where  the  use  of  them  might  give  undue  publicity  to  the  existence 
'of  infectious  disease  in  any  house  during  the  removal  of  a  patient,  it  may  be 
preferable  to  use  a  conveyance  partaking  more  of  the  ordinary  type,  in  order 
that  it  may  attract  less  attention  when  being  used.  An  old  capacious 
brougham  may  be  adapted  by  having  the  lining  taken  out  and  replaced  by 
match-boarding. 

There  should  always  be  room  within  the  ambulance,  whatever  form  it 
may  assume,  for  a  nurse  or  attendant  to  accompany  the  patient.  It  should 
be  arranged  with  due  consideration  for  the  comfort  and  safety  of  the  patient, 
and  should  be  equipped  with  a  supply  of  stimulants  or  other  necessaries 
which  may  be  required  during  the  removal. 


THE  MEDICAL   OFFICER   OF  HEALTH  79T 

The  medical  officer  should  assure  himself  that  there  is  no  loitering  at. 
pubhc-houses  or  elsewhere  on  the  part  of  the  driver  of  any  ambulance. 
With  that  end  in  view,  the  driver  may  be  required  to  wear  a  uniform,  as 
in  the  case  of  those  employed  by  the  MetropoUan  Asylums  Board.  Such 
an  arrangement  is  necessary  in  large  towns,  but  is  undesirable  in  smaller 
places,  since  it  gives  too  much  publicity  to  the  fact  of  the  removal  of  patients 
from  particular  houses  ;  under  those  circumstances,  if  the  driver  cannot  be 
relied  upon  to  comply  with  instructions,  it  is  better  for  a  trustworthy 
inspector  in  the  employ  of  the  local  authority  to  accompany  him. 

An  ambulance  should  be  set  apart  for  the  removal  of  small-pox  patients, 
and  should  not  be  used  for  the  conveyance  of  persons  suffering  from  any 
other  disease. 

All  ambulances  should  be  disinfected  after  each  time  of  use ;  they  should 
be  kept  in  places  belonging  to  the  local  authority,  either  on  the  hospital 
premises  or  elsewhere,  as  may  be  most  convenient  for  the  accommodation  of 
the  district. 

If  not  in  frequent  use,  the  medical  officer  should  assure  himself,  by 
having  them  periodically  examined,  that  they  are  in  good  order  and  fit  for 
use  at  any  moment ;  if  neglected,  parts  of  the  wheels  may  get  shrunk  and 
loosened,  and  thus  become  unsafe. 

If  the  local  authority  do  not  keep  a  horse  that  will  serve  the  purpose,, 
they  should  make  definite  arrangements  with  some  person  to  provide  a  man 
and  horse  at  a  fixed  charge,  whenever  required,  in  order  that  there  may  be 
no  delay  when  occasion  arises  for  using  the  ambulances. 

In  all  large  towns  there  should  be  a  complete  ambulance  system  under 
the  sole  control  of  one  authority,  which  in  most  places  should  be  the  sanitary 
authority,  so  planned  that  every  part  of  the  districts  may  be  within  easy 
reach  of  an  ambulance  station,  after  the  manner  of  that  which  has  been 
established  by  the  Metropolitan  Asylums  Board,  who  now  have  power  under 
the  provisions  of  the  Public  Health  (London)  Act,  1891,  to  allow  their  car- 
riages to  be  used  for  the  conveyance  of  persons  suffering  from  any  dangerous 
infectious  disorder  to  and  from  hospitals  and  places  other  than  those  pro- 
vided by  themselves,  and  to  make  a  reasonable  charge  for  that  use. 

With  regard  to  the  distances  to  which  persons  ill  with  infectious  diseases 
may  be  removed,  the  Hospital  Commissioners  remark :  '  The  witnesses 
who  have  been  concerned  during  the  last  few  years  with  the  treatment  of 
small-pox  on  a  large  scale  concur,  on  the  whole,  in  the  opinion  that  while 
in  some  cases  the  movement  of  the  patient  is  impossible,  and  in  others 
only  safe  for  very  short  distances,  yet  that  with  such  precautions  as  those 
adopted  by  the  Asylums  Board  this  movement  is  practicable  in  a  greater 
number  of  cases  and  over  a  greater  distance  than  has  been  usually  taken  for 
granted.  But  this  experience  does  not  apply  to  fever,  whether  scarlet  or 
typhoid.  In  these  diseases  there  is  a  considerable  period  during  which  long 
removals  must  not  be  risked,  even  in  cases  that  are  not  very  severe.' 

Notification  of  the  occurrence  of  infectious  diseases  by  medical  practi- 
tioners to  the  local  authority  or  the  medical  officer  of  health  previously  to 
the  passing  of  the  Infectious  Disease  (Notification)  Act,  1889,  was  of  a  very 
uncertain  and  perfunctory  nature,  except  in  the  case  of  fifty-nine  towns  ini 
England  and  Wales  and  four  in  Scotland,  where  clauses  requiring  the  noti- 
fication of  certain  of  these  diseases  had  been  mserted  in  local  Acts  of  Parlia- 
ment, the  first  of  which  came  into  force  in  Huddersfield  in  1876,  but  that 
Act  required  notification  only  in  cases  of  dangerous  infectious  disease  which 
were  considered  to  be  without  proper  lodging  or  accommodation  for  the: 
patient. 
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There  is  also  a  sliglit  exception  witli  regard  to  pauper  sickness,  the  Local 
■G-overnment  Board  having  stated  in  1879  that  guardians  of  the  poor  should 
instruct  their  clerks  to  regularly  inform  medical  officers  of  health  of  all  new- 
cases  of  sickness  amongst  paupers  after  each  of  their  meetings,  and  request 
the  poor-law  medical  officers  to  give  them  the  earhest  possible  information 
of  cases  of  dangerous  infectious  disease  under  their  charge.  In  the  same 
year  the  Board  made  it  incumbent  upon  district  and  workhouse  medical 
-officers,  and  medical  officers  of  district  and  of  separate  workhouse  schools,  to 
furnish  them  with  returns  of  pauper  sickness  and  deaths,  and  to  notify  to 
-fchem  the  outbreak  of  dangerous  infectious  disease.  These  arrangements,  to 
say  the  least,  have  not  been  carried  out  in  all  districts. 

Then  there  is  the  obhgation  to  notify  to  the  medical  officer  of  health  any 
cases  of  fever  or  any  infectious  disease  imposed  upon  the  keepers  of  common 
lodging-houses  by  section  84  of  the  Public  Health  Act,  1875  ;  and  upon  the 
landlords  of  and  lodgers  in  houses  let  in  lodgings,  other  than  common 
lodging-houses,  by  any  bye-laws  framed  under  the  90th  section  of  that  Act ; 
and  upon  officers  of  Customs  detaining  any  ship  infected  or  suspected  to  be 
infected  with  cholera,  by  the  Cholera  Eegulations  of  1890  made  by  the  Local 
Government  Board ;  also  the  obligation  to  notify  any  infectious  disease  to 
the  sanitary  authority  cast  upon  the  master  or  owner  of  a  canal  boat,  as  the 
case  may  be,  by  the  Eegulations  of  1878,  made  by  that  Board  under  the 
Canal  Boats  Act,  1877  ;  and  possibly  upon  the  occupier  of  any  tent,  van,  shed, 
&c.,  used  for  human  habitation,  by  any  bye-laws  for  preventing  the  spread  of 
-infectious  disease  made  under  the  Housing  of  the  Working  Classes  Act,  1885. 

In  a  few  places  the  local  authorities  have  made  arrangements  with  the 
medical  practitioners  within  their  districts  for  voluntary  notification  of 
certain  infectious  diseases,  and  for  which  they  have  in  some  instances  under- 
taken to  pay  small  fees. 

Generally,  however,  the  information  about  the  occurrence  of  infectious 
disease  in  his  district  which  the  medical  officer  of  health  has  received  has 
hitherto  been  but  meagre,  and  he  has  often  first  become  aware  of  it  through 
various  casual  channels,  not  infrequently  by  returns  of  deaths  from  it  made 
to  him  by  the  registrars  of  births  and  deaths,  when  too  often  the  mischief, 
which  he  might  have  averted  if  he  had  received  early  notification,  has  been 
done. 

The  medical  men  practising  in  his  district  have  given  him  the  information 
when  it  suited  their  purpose,  but  have  withheld  it  when  it  was  not  convenient 
for  them  to  furnish  him  with  it.  They  are  not  to  be  blamed  for  this,  since 
they  are  acting  well  w-ithin  their  rights  ;  so  long  as  it  is  not  a  statutory  duty 
they  cannot  reasonably  be  expected  to  be  compelled  to  give  the  information, 
especially  now  that  an  Act  has  been  passed  which,  when  adopted  by  any 
sanitary  authority,  requires  them  to  notify  certain  infectious  diseases.  It 
may  reasonably  be  inferred  that  any  local  authority  which  refuses  to  adopt 
that  Act  does  not  wish  for  any  information  respecting  the  occurrence  of 
infectious  diseases  in  their  district,  and  the  medical  practitioners  within  it 
should  act  accordingly. 

The  experiment  of  compulsory  notification  in  the  sixty-three  towns  already 
alluded  to  has  been  carried  on  in  some  of  them  for  a  period  of  from  twelve  to 
sixteen  years,  and,  except  in  connection  with  a  very  few  eccentric  members 
•  of  the  medical  profession,  has  proved  in  the  long  run  a  great  success.  That 
the  principle  of  compulsory  notification  of  infectious  diseases  is  generally 
accepted  by  sanitary  authorities  as  a  correct  one  is  made  evident  by  the  fact 
that  although  the  Infectious  Disease  (Notification)  Act,  1889,  was  not 
passed  until  August  30  in  that  year,  by  the  early  part  of  1890  it  had  been 
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:  adopted  by  over  seven  hundred  sanitary  authorities,  and  that  including  London, 
to  which  the  Act  extended  without  adoption,  and  the  fifty-nine  towns  ah-eady 
possessing  local  provisions  for  the  purpose,  more  than  two-thirds  of  the 
population  of  England  and  Wales  were  then  living  under  a  system  of  com- 
pulsory notification  of  infectious  diseases,  whilst  the  number  had  increased 
to  more  than  five- sixths  at  the  end  of  1892. 

If  the  Act  has  not  already  been  put  in  force  in  his  district,  the  medical 
officer  of  health  will  probably  feel  it  incumbent  upon  him  to  urge  the  local 
authority  to  adopt  it. 

It  does  not  endow  him  with  any  new  power  or  duty,  nor  does  it  require 
that  he  should  himself  visit  every  house  in  which  a  case  of  infectious  disease 
is  notified.  Where  it  is  in  operation  he  must  not  take  it  for  granted  that  he 
is  informed  of  every  case,  but  must  supplement  notification  by  independent 
inquiry. 

The  Act  applies  to  small-pox,  cholera,  diphtheria,  membranous  croup,  ery- 
sipelas, scarlatina  or  scarlet  fever,  and  fevers  known  by  any  of  the  following 
names — typhus,  typhoid,  enteric,  relapsing,  continued,  or  puerperal,  and  to 
any  other  infectious  disease  to  which  the  Act  has  been  apphed  by  the  local 
authority  of  any  district. 

When  it  has  been  adopted  by  any  sanitary  authority,  the  medical  officer 
■of  health  should  receive  from  the  medical  man  attending  a  case  of  any  of 
those  diseases  in  any  building  used  for  human  habitation,  or  in  any  ship, 
vessel,  boat,  tent,  van,  shed,  or  similar  structure  used  for  human  habitation, 
and  not  belonging  to  Her  Majesty  the  Queen,  and  not  being  a  ship,  vessel,  or 
boat  belonging  to  any  foreign  Government,  as  soon  as  he  becomes  aware  of 
its  nature,  a  certificate  stating  the  name  of  the  patient,  the  situation  of  the 
building,  &c.,  and  the  infectious  disease  from  which,  in  his  opinion,  the 
patient  is  suffering. 

In  the  metropolis  such  certificate  will  also  give  the  age  and  sex  of  the 
patient,  and  state  whether  the  case  occurs  in  the  practitioner's  private  practice 
or  in  his  practice  as  a  medical  officer  of  any  public  body  or  institution,  and 
when  it  refers  to  the  inmate  of  a  hospital  it  will  specify  the  place  from  which 
and  the  date  at  which  the  inmate  was  brought  to  the  hospital. 

He  should  also  receive  a  notice  of  the  case  from  the  head  of  the  family, 
or  from  any  other  person  in  charge  of  the  patient,  or  in  default  of  them, 
from  the  occupier  of  the  building. 

More  often  than  not  this  dual  notification  is  not  given  to  him ;  but  it  is, 
nevertheless,  a  useful  provision,  inasmuch  as  it  makes  it  incumbent  upon 
such  person  to  give  him  the  information  even  if  the  patient  is  not  being 
attended  by  a  medical  man,  and  so  there  can  be  no  inducement  to  omit  such 
attendance  with  the  view  of  concealing  the  infectious  disease  ;  moreover,  it 
makes  the  notification  by  the  medical  attendant  a  less  invidious  task. 

Where  in  any  sanitary  district  there  are  two  or  more  medical  ofiicers  of 
health,  a  certificate  has  to  be  given  to  such  one  of  them  as  has  charge  of  the 
area  in  which  is  the  patient  it  refers  to,  or  to  such  other  of  those  ofiicers 
.  as  the  local  authority  may  from  time  to  time  direct. 

A  notice  or  certificate  under  this  Act  may  be  delivered  to  the  medical 
officer  of  health,  or  may  be  left  at  or  sent  by  post  to  his  office  or  residence. 

If  he  is  himseK  in  practice,  he  is  entitled  to  the  fee  prescribed  by  the  Act 
for  a  certificate  in  respect  of  any  patient  of  his  own. 

When  the  medical  officer  of  health  of  any  metropolitan  district  receives  a 
certificate  under  the  Public  Health  (London)  Act,  1891,  relating  to  a  patient 
within  the  metropolitan  asylum  district,  he  has  within  twelve  hours  of  the 
receipt  of  it  to  forward  a  copy  to  the  Metropolitan  Asylum  Managers,  and 
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to  the  head  teacher  of  the  school  attended  by  the  patient  (if  a  child),  or  by 
any  child  who  is  an  inmate  of  the  same  house  as  the  patient. 

The  medical  officer  of  health  must  keep  a  correct  register  of  all  the 
medical  certificates  and  other  notices  under  the  Act  which  he  receives,  and 
he  should  see  that  the  correct  amounts  are  paid  quarterly  for  those 
certificates. 

If  he  thinks  there  has  been  delay  on  the  part  of  any  medical  practitioner 
in  certifying  a  case  of  infectious  disease,  he  must  bear  in  mind  the  frequent 
difficulty  and  uncertainty  of  diagnosis  in  the  early  stages  of  those  diseases ; 
but  if,  on  the  other  hand,  he  has  reasonable  grounds  for  believing  that  such 
delay  is  wilful,  or  that  any  practitioner  fails  to  notify,  he  should  send  a 
courteous  communication  on  the  subject  to  him,  and  if  that  fails  in  its 
object  he  should  endeavour  to  see  him  and  induce  him  to  comply  with  the 
requirements  of  the  Act.  Eash  or  hasty  proceedings  to  enforce  any  penal- 
ties incurred  under  it  will  result  in  hindering  the  smooth  and  successful 
working  of  its  useful  provisions. 

Some  amount  of  opposition  may  be  expected  in  the  early  time  of  its 
adoption,  but  this  should  be  regarded  with  leniency,  inasmuch  as  experience 
has  proved  that  when  the  novelty  of  the  system  has  worn  ofif  and  its 
working  has  become  better  understood,  resistance  to  it  has  ceased,  and  it  has 
come  to  be  regarded  in  a  very  favourable  hght  by  all  parties  concerned. 
Not  a  little  will  depend  upon  the  tact  and  discretion  of  the  medical  officer  of 
health  himself. 

The  names  and  addresses  of  persons  notified  to  be  ill  with  infectious 
disease  should  be  kept  as  private  as  possible.  To  include  them  in  reports  to 
sanitary  authorities  and  to  allow  them  to  be  published  in  local  newspapers, 
as  we  occasionally  see  done,  indicates  inexperience  or  want  of  fitness  for  the 
office  on  the  part  of  the  medical  officer  of  health. 

For  any  person  to  attempt  to  conceal  the  existence  of  infectious  disease 
in  any  house  is  not  only  dangerous  to  the  community  but  is  improper  ; 
nevertheless,  when  the  responsible  people  are  allowing  everything  possible 
to  be  done  in  the  way  of  effectual  isolation  or  the  removal  to  hospital  of  the 
patient,  and  disinfection,  it  is  only  fair  and  reasonable  that  privacy  should  be 
observed  by  the  officers  of  the  local  authority,  especially  in  the  case  of 
business  establishments,  where  any  unnecessary  publicity  might  inflict  a 
serious  injury ;  this  is,  perhaps,  of  more  particular  moment  in  the  smaller 
places,  where  every  occurrence  so  readily  becomes  noised  abroad. 

The  medical  officer  of  health  has  no  right  of  entry  into  any  house  for  the 
purpose  of  inquiring  as  to  the  existence  of  infectious  disease  therein,  or 
simply  on  account  of  there  being  any  person  so  suffering  within  it ;  neither 
has  he  the  right  to  see  or  examine  any  person  affected  with  it ;  infectious 
disease  not  being  a  '  nuisance  '  within  the  meaning  of  the  Pubhc  Health 
Acts,  he  derives  no  power  of  entry  under  them  on  account  of  it. 

Under  the  Canal  Boats  Act,  1877,  and  the  Housing  of  the  Working 
Classes  Act,  1885,  or  the  Public  Health  (London)  Act,  1891,  he  may,  when 
duly  authorised,  enter  any  canal  boat,  tent,  van,  shed,  or  similar  structure 
used  for  human  habitation,  with  the  exceptions  previously  named,  inhabited 
probably  by  wandering  people  who  most  likely  would  not  call  in  medical 
aid,  for  the  purpose  of  ascertaining  whether  there  is  therein  any  person  ill 
of  infectious  disease.  He  may  also,  under  the  powers  conferred  upon  him 
by  the  Local  Government  Board's  Cholera  Eegulations  of  1890,  visit  and 
examine  any  ship,  vessel,  or  boat,  and  examine  all  persons  on  board  of  her, 
to  ascertain  whether  she,  or  any  person,  is  infected  with  cholera. 

In  all  these  instances,  be  it  noted,  there  is  no  reference  to  a  Jiouse  ;  how- 
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ever,  section  137  of  the  Act  of  1875  gives  him  power  of  entry  on  any 
premises,  as  well  as  on  any  vessel,  for  the  purpose  of  executing,  or  superin- 
tending the  execution  of,  any  regulations  made  by  the  Local  Government 
Board  under  section  134  of  the  Act,  which,  amongst  other  things,  may 
provide  for  house-to-house  visitation,  but  there  are  no  such  regulations 
in  existence. 

It  is  fitting  that  the  law  of  the  land  should  not  invest  the  medical  officer 
of  health  with  the  right  to  visit  any  person  ill  with  infectious  disease  in  any 
house.  If  it  did,  the  whole  public  health  service  would  suffer,  not  only 
through  the  resistance  of  the  public,  but  also  through  the  opposition  of  the 
medical  profession,  who  would  rightly  refuse  to  tolerate  such  interference. 

The  Local  Government  Board  in  their  Orders  of  March  1891  direct  that 
on  receiving  information  of  the  outbreak  of  any  infectious  disease  the 
medical  officer  of  health  shall  visit  the  spot,  but  not  the  patient,  without 
delay,  and  inquire  into  the  causes  and  circumstances,  but  not  into  the 
existence,  of  such  outbreak. 

If  any  person  who  is  ill  with  infectious  disease  is  not  under  the  care  of  a 
medical  man,  the  medical  officer  of  health  may  find  it  necessary  to  attempt 
to  gain  the  permission  of  the  people  in  charge  to  himself  examine  such 
person;  but  he  should  make  a  point  of  not  seeing  anyone  who  is  being 
attended  by  a  medical  practitioner  except  with  him,  or  with  his  permission, 
or  at  his  request.  The  Act  does  not  impose  upon  him  the  duty  or  right  of 
visiting  patients. 

It  is  not  within  his  province  to  verify  the  diagnosis  of  medical  practitioners, 
but  if  he  has  reasonable  grounds  for  doubting  the  existence  or  the  nature  of 
an  alleged  case  of  infectious  disease  he  ought  to  ask  the  medical  attendant  to 
allow  him  to  visit  the  patient  with  him  ;  if  that  permission  is  refused,  he 
will  generally  have  to  rest  contented  with  the  diagnosis  which  has  been 
made,  he  having  no  more  right  to  see  the  patient  of  a  medical  man  than 
any  one  practitioner  has  to  visit  the  patient  of  any  other.  The  only 
justification  for  his  breaking  through  this  rule  would  be  if  he  had  very 
strong  grounds  for  believing  that  any  notification  had  not  been  made  in  good 
faith.  A  decision  to  this  effect  has  been  given  by  the  Local  Government 
Board  ;  but  such  a  suspicion  is  a  grave  matter,  and  ought  not  to  be  lightly 
entertained. 

On  receipt  of  the  notification  of  a  case  of  infectious  disease,  the  inspector 
of  nuisances  will  probably  visit  the  premises  in  the  first  instance,  and 
obtain  full  particulars,  which  should  afterwards  be  entered  in  a  book  kept  for 
the  purpose,  so  that  a  complete  record  of  cases  of  infectious  diseases  may  be 
preserved. 

The  inspector  will  deliver  any  disinfectant  which  the  local  authority 
may  supply ;  also  any  instructions  giving  plain  directions  for  the  measures 
necessary  for  preventing  the  spread  of  infection,  and  setting  forth  the 
penalties  incurred  by  neglecting  them,  which  the  medical  officer  will  pro- 
bably have  had  printed  for  the  purpose. 

Where  there  is  a  public  library,  inquiries  should  be  made  whether  any 
book  from  it  is  in  the  infected  house  ;  if  there  is,  it  should  not  be  returned 
until  means  have  been  taken  for  preventing  it  from  carrying  infection,  and 
instructions  should  be  given  that  no  book  must  be  taken  from  the  public 
library  so  long  as  the  house  remains  infected. 

The  inspector  will  direct  the  attention  of  the  medical  officer  to  any  matter 
he  considers  he  should  be  informed  of ;  and  if  he  finds  that  the  patient  cannot 
be  properly  isolated  at  home  he  will  inform  him  of  the  fact,  when  he  will 
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endeavour  to  get  tlie  patient  removed,  with  the  consent  of  the  medical 
attendant,  to  any  hospital  which  may  be  provided. 

The  medical  officer  must  not  undertake  the  great  responsibility  of  removing 
a  patient  in  opposition  to  the  opinion  of  the  practitioner  in  attendance. 

Where  there  is  proper  hospital  accommodation  the  public  soon  learn  to 
appreciate  it,  and  are  then  not  loth  to  avail  themselves  of  the  use  of  it  when 
occasion  arises  ;  but  sometimes  unreasonable  objections  may  be  raised,  and 
then,  if  the  removal  is  urgently  called  for,  the  patient  being  vsdthout  proper 
lodging  or  accommodation,  or  lodged  in  a  room  occupied  by  more  than  one 
family,  or  being  on  board  any  ship  or  vessel,  or  being  lodged  in  any  common 
lodging-house,  the  medical  officer  of  health  may  have  to  give  a  certificate  for 
the  purpose  of  obtaining  an  order  of  a  justice  for  the  removal  of  the  patient 
to  a  hospital. 

All  removals  to  hospital  should  be  supervised  by  persons  in  the  employ 
of  the  local  authority,  and  should  be  conducted  with  due  regard  to  the 
comfort  and  safety  of  the  patient  and  the  public,  and  to  the  avoidance  of  any 
unnecessary  publicity. 

As  soon  as  possible  after  the  removal  of  the  patient,  or  on  the  termination 
of  the  illness,  the  room  which  has  been  occupied  and  all  its  contents  should 
be  disinfected  to  the  satisfaction  of  the  medical  officer,  and,  if  possible,  under 
the  direction  of  someone  who  is  employed  by  the  local  authority. 

At  the  time  of  his  first  visit  the  inspector  should  leave  a  circular  letter  or 
a  post-card  addressed  to  the  medical  officer,  by  which  the  friends  of  the 
patient  can  intimate  to  him  when  the  medical  attendant  declares  the  case, 
when  treated  at  home,  to  be  at  an  end,  and  the  house  to  be  ready  for 
disinfection. 

The  inspector  will  warn  the  occupier  of  the  house  against  doing  anything 
whereby  infection  is  hkely  to  be  spread.  He  will  see  that  children  Uving  in 
the  house  are  excluded  from  attendance  at  any  school,  and  if  any  inmates  are 
following  an  occupation  through  which  infection  may  be  conveyed  to  others 
he  will  warn  them  of  the  danger  and  of  any  risk  which  may  be  incurred. 

In  times  of  serious  outbreaks  the  medical  officer  will  himself  give  much 
personal  attention  to  the  circumstances  of  the  cases,  and  will  himself  visit 
the  premises  where  they  occur. 

In  the  metropolis  infected  persons  are  prohibited  from  milking  any  animal, 
picking  fruit,  engaging  in  any  occupation  connected  with  food,  or  carrying 
on  any  trade  or  business  in  such  a  manner  as  to  be  hkely  to  spread  infectious 
disease. 

By  some  local  Acts  powers  are  given  to  sanitary  authorities  to  prevent 
persons  living  in  infected  houses  from  following  their  employment,  to  isolate 
the  healthy  inmates,  to  order  the  closure  of  houses  of  business  where  there 
is  infectious  disease,  to  grant  compensation  for  any  consequent  loss  of  earn- 
ings, or  to  provide  nurses  for  the  sick. 

The  exercise  of  these  various  powers  will  greatly  depend  upon  the  advice 
given  by  the  medical  officer  of  health ;  they  may  be  of  great  service  in  arrest- 
ing the  spread  of  infectious  disease,  and  he  should  endeavour  to  see  that 
they  are  used  judiciously  where  they  are  in  force,  and  that  equitable  com- 
pensation is  given  where  it  is  allowed. 

He  should  have  notices  printed  to  be  addressed  to  the  head  teachers  of 
elementary  schools,  in  order  that  they  may  be  promptly  informed  of  the 
occurrence  of  infectious  disease  amongst  any  of  their  scholars,  and  be  re- 
quested not  to  allow  any  children  from  the  infected  houses  to  attend  their 
school  for  a  named  period.  One  of  these  should  be  sent  as  soon  as  it  has 
been  ascertained  at  what  school  they  have  been  attending. 
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General  Acts  of  Parliament  do  not  give  local  authorities  the  power  to 
close  schools  during  times  of  epidemics ;  but  some  can  do  so  under  local 
Acts,  and  the  Code  of  Eegulations  of  the  Education  Department,  which 
refers  only  to  public  elementary  schools,  and  not  to  dames'  and  other  private 
schools  or  to  Sunday  schools,  has  conferred  that  power  upon  them  since  1882  ; 
article  88  (1893)  stating  that  '  the  managers  must  at  once  comply  with  any 
notice  of  the  sanitary  authority  of  the  district  in  which  the  school  is  situated, 
or  any  two  members  thereof  acting  on  the  advice  of  the  medical  officer  of 
health,  requiring  them  for  a  specified  time,  with  a  view  to  preventing  the 
spread  of  disease,  either  to  close  the  school  or  to  exclude  any  scholars  from 
attendance ;  but  after  complying,  they  may  appeal  to  the  Department  if  they 
consider  the  notice  to  be  unreasonable.' 

It  will  be  advantageous  for  the  sanitary  authority  to  authorise  the 
medical  officer  of  health  to  act  upon  his  own  responsibility  in  giving  notice, 
when  necessary,  to  exclude  any  scholar  from  attendance  at  school,  in  order 
to  avoid  the  delay  of  waiting  for  a  meeting,  since  prompt  action  is  essential. 
He  might,  if  desired,  report  all  such  cases  at  their  next  meeting. 

Where  notification  of  infectious  disease  is  in  force,  with  consequent  early 
intimation  of  cases,  much  more  may  be  done,  and  with  less  interruption  in 
the  system  of  elementary  education,  towards  preventing  the  spread  of  disease 
through  schools,  without  having  recourse  to  the  more  serious  step  of  closing 
them,  than  in  those  places  where  the  medical  officer  receives  only  casual 
notice  of  disease,  especially  when  a  proper  understanding  exists  between  him 
and  the  school  managers,  as  there  ought  always  to  be.  They  should  work 
harmoniously  together,  and  should  co-operate  with  the  view  of  protecting 
the  public  health  ;  indeed,  their  interests  in  this  behalf  are  identical,  for 
disease  cannot  attack  the  scholars  without  affecting  injuriously  the  interests 
of  the  school. 

If  the  managers  have  the  impression  that  the  medical  officer  is  inclined 
to  suggest  the  closure  of  a  school  without  just  cause,  they  are  apt  to  mistrust 
him,  and  to  resent  his  interference  at  other  times  when,  perhaps,  it  may 
be  of  vital  importance  to  have  their  school  closed.  On  the  other  hand,  if 
they  find  that  in  the  first  instance  he  is  desirous  of  giving  a  full  and  fair 
trial  to  the  milder  method  of  excluding  children  living  in  infected  houses 
from  attendance  at  school,  they  will  the  more  readily  listen  to  his  counsels 
when,  in  his  opinion,  it  is  necessary  to  pursue  the  severer  course. 

Occasionally  it  may  be  found  wise  to  exclude  from  school  for  a  time  all 
the  children  living  in  a  particular  street,  or  in  some  detached  part  of  a  village, 
or  in  a  whole  village  when  one  school  serves  for  more  than  one  place,  where 
there  may  be  an  excessive  incidence  of  infectious  disease,  inasmuch  as  some 
of  the  children  may  be  incubating  it,  or  their  clothes  may  have  become  in- 
fected from  association  with  others  in  infected  houses. 

Though  there  is  no  power  of  closing  Sunday  schools,  those  having  control 
over  them  should  be  asked  to  act  in  unison  with  the  managers  of  the  day 
schools,  otherwise  the  prevention  of  disease  achieved  during  the  week  may 
be  undone  on  the  Sunday. 

The  medical  officer  will  find  it  useful  to  arrange  to  be  informed  by  the 
school  teachers,  or  the  school  attendance  officers,  respecting  children  who 
have  been  detained  at  home  on  account  of  alleged  illness.  He  may  then 
prosecute  his  inquiries  in  the  localities  indicated,  and  thus  be  able  to  dis- 
cover some  concealed  or  unrecognised  cases  of  infectious  disease. 

The  teachers  and  school  attendance  officer  should  be  asked  to  inform  him 
if  they  observe  any  children  with  obvious  symptoms  of  infectious  disease ; 
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in  fact,  it  should  be  an  understood  thing  that  they  will  at  all  times  give  him- 
immediate  information  of  infectious  sickness  amongst  the  scholars. 

Eeference  may  with  advantage  be  made  to  a  memorandum  on  this  subject 
by  the  medical  officer  of  the  Local  Government  Board,  dated  1890.  In  it 
he  remarks :  '  As  regards  duration  of  exclusion  from  school  of  particular 
children,  the  time  to  be  specified  will  vary  in  different  diseases  and  different 
cases,  and  in  this  matter  the  sanitary  authority  will  doubtless  be  guided  by 
the  advice  of  their  medical  officer  of  health,  who  may  properly  be  entrusted 
with  some  general  duty  of  acting  for  the  authority  in  this  subject-matter. 

'  Medical  officers  of  health  having  to  specify  a  time  during  which  any 
scholars  are  to  be  excluded  from  attendance  at  any  school,  should  have 
regard  as  far  as  practicable  to  the  circumstances  of  the  particular  scholars 
suffering  from  infectious  disease  or  hving  in  infected  households.  Not  only 
the  nature  of  the  infection  and  the  length  of  illness,  but  the  environments  of 
the  individual  as  affecting  the  retention  of  infection  will  deserve  considera- 
tion. The  period  of  exclusion,  for  example,  wUl  need  to  be  different  accord- 
ing to  the  conditions  of  a  patient's  lodgment,  accordiag  to  the  sufficiency 
of  the  separation  that  can  be  effected  between  a  patient  and  excluded 
scholars,  and  according  to  the  opportunities  of  effectual  disinfection  that 
can  be  afforded  to  the  household.  Thus  a  hard-and-fast  rule,  such  as 
has  been  laid  down  in  some  districts  where  scarlatina  has  been  present, 
that  no  child  shall  go  to  school  from  an  infected  house  for  three  months 
after  the  disease  has  begun  in  that  house,  is  not  to  be  commended.  It 
is  indeed  possible  that,  under  the  circumstances  of  a  particular  household, 
a  child  convalescent  from  scarlatina  or  living  in  the  same  house  with  con- 
valescents should  not  in  the  interests  of  other  children  be  permitted  to  retm'n 
to  school  untn  after  so  long  a  period  as  this  ;  but  the  same  ought  not  to  be 
assumed  of  all  households  in  the  district  that  may  be  invaded  by  scarlatina. 
The  better  plan  would  be  for  the  sanitary  authority  to  secure,  during  a 
shorter  period,  the  exclusion  of  individual  sick  persons  and  their  housemates 
from  school ;  and  when  that  period  is  about  to  expire  to  cause  fresh  inquiry 
to  be  made  as  to  the  expediency  of  further  exclusion,  and,  if  found  requisite 
\n  particular  cases,  to  cause  fresh  notice  to  be  given  to  the  school  managers.' 

As  to  the  closing  of  schools,  he  says  :  *  This,  by  more  seriously  interfering 
with  the  educational  work  of  a  district,  is  a  much  more  grave  step  for  a 
sanitary  authority  to  take  than  to  direct  the  exclusion  of  particular  scholars. 
It  is  a  measure  that  seldom  ought  to  be  enforced,  except  in  presence  of  an 
actual  epidemic,  nor  even  then  as  a  matter  of  routine,  nor  unless  there  be  a 
clear  prospect  of  preventing  the  propagation  of  disease  such  as  could  not  be 
looked  for  from  less  comprehensive  action. 

'  The  mere  fact  that  in  an  epidemic  many  of  the  sufferers  are  school 
children  does  not  necessarily  show  that  the  disease  was  caught  at  school ; 
but  the  school  may  with  probability  be  regarded  as  spreading  infection  if  in 
a  large  majority  of  households  attacked  the  first  case  be  a  child  attending 
school ;  and  with  still  greater  probability  if  a  number  of  children  Hving  at  a 
distance  from  one  another,  and  with  no  circumstances  in  common  except 
that  they  attend  the  same  school,  should  be  simultaneously  attacked,  and  if 
it  can  be  ascertained  that  a  child  or  teacher  in  an  infectious  state  has  actually 
been  attending  the  school.  .  .  . 

'  In  deciding  whether  an  outbreak  of  infectious  disease  among  children  of 
school  age  may  be  best  combated  by  closing  the  school,  or  whether  it  will 
suffice  to  exclude  the  children  of  infected  households,  the  two  most  important 
points  to  be  considered  are  : 

'  The  completeness  and  promptness  of  the  information  received  by  the 
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■officers  of  the  sanitary  authority  respecting  the  occurrence  of  infectious 
cases. 

'  The  opportunities  which  exist  for  intercourse  between  the  children  of 
different  households  elsewhere  than  at  school.' 

The  action  of  the  local  authority  with  respect  to  closing  schools  will  de- 
pend greatly  upon  the  information  and  advice  they  receive  from  the  medical 
officer  of  health. 

"Whenever  a  school  is  closed  he  should  certify  to  the  managers  that  the 
closure  is  requisite  on  account  of  a  local  epidemic,  so  that  in  compliance 
with  Article  83  (a)  of  the  Education  Code  the  school  may  not  suffer  any 
avoidable  pecuniary  loss. 

When  a  school  has  been  closed  on  account  of  the  prevalence  of  infectious 
disease  it  ought  to  be  disinfected  to  the  satisfaction  of  the  medical  officer  of 
health  before  it  is  again  opened ;  and,  as  a  precautionary  measure,  during 
the  prevalence  of  an  epidemic,  the  fumigation  of  the  schoolroom  every  week 
by  burning  sulphur  may  be  recommended,  and  may  usually  be  done  on 
^Saturdays  without  interruption  of  school  duties. 

The  medical  officer  of  health  is  not  concerned  with  the  administration  of 
the  laws  relating  to  vaccination,  but  in  a  '  Memorandum  on  Ee-vaccination 
issued  by  the  medical  officer  of  the  Local  Government  Board  in  1888,  Sir 
George  Buchanan  writes :  '  Medical  and  sanitary  officers  and  the  medical 
profession  generally  are,  therefore,  invited  to  urge  upon  parents  and  guardians 
the  importance  of  having  their  children  re-vaccinated  at  the  age  of  twelve 
years  or  thereabouts,  and  to  urge  upon  all  persons  beyond  this  age  who  have 
not  yet  been  successfully  re-vaccinated  the  duty  of  obtaining  for  themselves 
the  additional  protection  which  may  be  had  by  this  means.' 

Eef erring  to  the  same  subject,  in  a  '  Memorandum  on  the  Steps  specially 
requisite  to  be  taken  in  Places  where  Small-pox  is  Prevalent,'  issued  from  the 
Local  Government  Board  in  1888,  the  medical  officer  remarks  :  '  The  sanitary 
authority  of  any  district  into  which  a  case  of  small-pox  may  be  brought,  or 
in  which  it  may  occur,  should  immediately,  on  obtaining  information  of  the 
occurrence,  give  notice  to  the  board  of  guardians  (the  local  authority  for 
vaccination  purposes)  or  the  vaccination  officer,  in  order  that  all  requisite 
measures  in  regard  to  vaccination  may  be  taken.  The  sanitary  authority 
should  also  instruct  their  officers  to  assist  in  the  administration  of  the 
Vaccination  Acts  by  spreading  a  knowledge  of  the  advantages  of  vaccination 
and  re- vaccination,  and  by  giving  to  the  vaccination  officer  any  information 
they  may  obtain  as  to  children  and  others  unprotected  by  vaccination.' 

The  '  General  Memorandum  on  the  Proceedings  which  are  advisable  in 
Places  attacked  or  threatened  by  Epidemic  Disease,'  issued  from  the  Medical 
Department  of  the  Local  Government  Board  by  Dr.  Thome,  C.B.,  in  1892, 
may  be  consulted  with  advantage  for  guidance  in  dealing  with  outbreaks  of 
disease. 

The  medical  officer  of  health  may  be  called  upon  to  advise  the  local 
authority  with  regard  to  the  desirability  of  their  taking  proceedings  in  par- 
ticular cases  for  the  infliction  of  the  statutory  penalties  for  the  exposure  of 
infected  persons  or  things,  and  in  the  event  of  such  proceedings  being  taken 
he  may  have  to  give  evidence  in  support  of  them. 

"Where  gross  carelessness  in  that  behalf  is  exhibited  he  may  find  that  a 
well-chosen  case,  successfully  prosecuted,  may  prove  a  useful  example,  induc- 
ing greater  care,  with  consequent  benefit  to  the  district. 

In  any  case  in  which  infectious  disease  is  introduced  into  his  district 
from  some  other  part,  and  he  ascertains  where  it  has  been  contracted,  he 
should,  as  a  matter  of  courtesy,  inform  the  medical  officer  of  health  hold- 


806  HYGIENE 

ing  office  in  the  district  in  which  the  implicated  place  is  situated  of  the 
fact. 

The  methods  of  investigating  outbreaks  of  infectious  disease  should  be 
thoroughly  mastered  by  the  medical  officer  of  health. 

In  any  inquiry  he  may  have  to  make  into  the  circumstances  of  an  out- 
break, he  will  be  greatly  assisted  if  he  has  made  a  complete  and  clear  record 
of  every  case  of  illness  in  the  book  which,  as  previously  described,  ought  to 
be  kept  for  the  purpose.  He  will  not,  of  course,  confine  his  attention  solely 
to  the  matters  under  the  various  headings  in  that  book,  but  will  also  make 
careful  note  of  any  other  facts  which  may  come  to  his  knowledge,  even  if 
their  bearing  on  the  subject  of  inquiry  may  not  at  first  be  apparent,  for  he 
must  recollect  that  what  may  in  an  early  stage  of  the  inquiry  appear  of 
trivial  import  may  subsequently  prove  to  concern  it  very  closely. 

It  is  to  an  exhaustive  process  of  inductive  reasoning  that  he  must  look  to 
complete  his  chain  of  evidence  in  unravelling  the  not  infrequently  intricate 
circumstances  of  disease  outbreaks,  and  he  may  often  be  still  further  helped 
by  simultaneously  bringing  the  numerical  method  of  investigation  to  his 
aid.  The  four  successive  steps  in  inductive  reasoning  may  be  summarised 
as  Observation,  Hypothesis,  Deduction,  and  Verification. 

By  the  exercise  of  his  senses,  and  it  may  be  by  experiment,  the  investi- 
gator must  first  make  extensive  and  minute  observations,  in  order  to  collate 
all  the  facts  which  can  possibly  have  any  bearing  upon  the  subject  of  the 
inquiry  he  may  have  in  hand.  The  greater  the  exactness  and  method  dis- 
played in  this  stage,  the  greater  will  be  the  chance  of  his  ultimate  success. 

Having,  it  may  be  with  much  patience  and  perseverance,  exhausted  the 
resources  at  his  command  in  gathering  together  this  preliminary  information, 
he  will  proceed  to  the  second  step  of  his  inquiry,  and  will  formulate  an 
hypothesis.  In  so  doing  he  will  assume  as  true  some  one  or  more  propo- 
sitions which  may  appear  to  tally  best  with  the  facts  he  has  ascertained. 

The  third  step  having  been  reached,  he  must  now  bring  his  deductive 
reasoning  powers  into  play,  and  will  formulate  various  propositions  which  wiU 
be  true  if  his  hypothesis  be  correct.  He  should  make  his  deductions  as 
numerous,  and  under  as  varied  circumstances,  as  possible,  verifying  them  as 
far  as  he  is  able. 

In  the  fourth  step  he  must  not  hastily  assume  that  his  hypothesis  is 
correct,  simply  because  it  is  in  accord  with  a  few  of  the  facts,  but  must 
compare  his  deductions  from  it  with  the  facts  already  in  his  possession,  and 
if  possible  must  make  fresh  observations  or  experiments  in  order  to  prove  or 
reject  it.  If  in  this  comparison  he  finds  his  deductions  and  observations  dis- 
agree in  several  respects,  in  all  probability  he  will  have  alighted  upon  a  false 
hypothesis,  and  in  that  event  must  modify  it  in  some  particulars,  or  must  cast 
about  for  one  more  accurate.  If,  however,  it  proves  to  be  true  in  many  of  its 
results,  and  especially  if  by  its  means  he  is  able  to  correctly  predict  what 
he  would  never  othervv^ise  have  believed  or  discovered,  he  may  feel  almost 
assured  of  its  truth. 

To  take  an  imaginary  example,  let  us  suppose  that  in  inquiring  into  an 
outbreak  of  typhoid  fever  the  medical  officer  of  health  has  fomid  from  his 
preliminary  observations  that  a  large  proportion  of  the  persons  afi'ected  reside 
in  separate  towns  or  villages,  in  which  there  are  entirely  separate  systems  of 
sewerage  ;  that  the  drainage  of  the  majority  of  the  houses  in  which  they 
reside  is  properly  constructed  and  m  good  order  ;  that  they  have  been 
obtaining  their  milk  from  several  dairymen,  most  of  whom  have  procured 
their  milk  from  different  farms  ;  that  the  incidence  of  the  disease  has  not 
fallen  upon  the  customers  of  only  one  or  two  of  the  dealers  trading  in  the 
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implicated  area,  but  that  the  customers  of  all  have  been  affected  in  somewhat 
equal  proportions  whilst  persons  served  by  them  in  other  parts  have  escaped ; 
that  no  other  article  of  diet  procured  from  a  common  source  has  been  par- 
taken of  by  the  patients  in  a  larger  proportion  than  by  other  inhabitants  who 
have  not  suffered  ;  that  there  is  one  public  water-supply  laid  on  to  all  the 
towns  and  villages  in  which  the  disease  has  broken  out. 

Seeing  that  the  water-supply  appears  to  be  the  only  connecting  link 
between  the  sufferers,  he  may  now  feel  in  a  position  to  form  the  hypothesis 
that  it  is  concerned  in  the  cause  of  the  fever  outbreak. 

In  pursuance  of  the  third  step  of  his  reasoning  he  will  proceed  to 
formulate  deductions  from  this  hypothesis  somewhat  as  follows  : — 

That  the  persons  affected  should  constitute  a  considerable  percentage  of 
the  whole  consumers  of  the  suspected  water-supply.  That  the  disease  should 
have  fallen  chiefly  upon  any  members  of  the  affected  households  who  had 
been  the  largest  consumers  of  the  water.  That  any  persons  who  happened  to 
have  drunk  the  water  only  after  it  had  been  boiled  should  not  have  suffered. 
That  if  any  house  has  some  other  water-supply  as  well  as  the  public  supply 
any  of  the  inmates  who  may  have  used  the  former  exclusively  should  have 
escaped  attack.  That  the  outbreak  should  not  extend  to  any  house  having 
an  entirely  different  water-supply.  That  if  any  persons  living  in  a  house  so 
circumstanced  were  attacked  they  should  have  had  some  communication 
with  the  patients  or  their  houses.  That  if  the  public  supply  had  become 
contaminated,  the  date  of  first  attack  in  a  large  proportion  of  the  houses 
would  nearly  coincide.  That  there  must  have  been  an  opportunity  for  the 
water  to  have  become  contaminated  with  infective  discharges  from  some 
antecedent  case  of  typhoid  fever,  either  at  its  source  or  during  the  course  of 
distribution.  Proceeding  then  to  verify  his  deductions,  he  will  make  further 
inquiries  which  may  result  in  establishing  most  of  the  propositions  which  he 
has  formulated.  For  instance,  he  may  thus  ascertain  that  the  disease  has 
invaded  a  certain  considerable  percentage  of  the  houses  in  the  infected  area  to 
which  the  suspected  water-supply  is  laid  on,  and  that  in  those  houses  it  proves 
to  be  a  fact  that  the  sufferers  are  amongst  the  largest  water-drinkers,  whilst 
others,  more  cautious  than  the  rest,  having  drunk  only  boiled  water,  have 
escaped  infection ;  that  in  houses  where  there  is  a  duplicate  supply  from 
wells,  the  consumers  of  that  have  also  remained  unaffected,  some,  at  any  rate, 
of  the  other  inmates  who  have  partaken  of  the  public  supply  having  fallen 
ill ;  that  the  disease  has  passed  by  most  of  the  houses  with  only  private 
water-supplies,  but  sometimes  that  has  not  been  the  case,  whilst  in  those 
exceptional  instances  he  is  able  to  prove  that  the  sufferers,  owing  to  relation- 
ship or  friendship,  have  either  visited,  or  been  visited  by,  persons  residing  in 
some  of  the  infected  houses  ;  that  nearly  a  whole  village  to  which  the  water 
has  not  been  laid  on  has  escaped  infection,  although  surrounded  by  places 
severely  affected ;  that,  in  fact,  during  the  earlier  part  of  the  outbreak  the 
disease  did  appear  in  many  houses  within  a  short  space  of  time. 

It  may  be  that,  as  frequently  happens,  he  fails  to  trace  the  infection  to 
its  starting  point  from  some  antecedent  case  of  typhoid  fever.  However, 
having  verified  so  large  a  proportion  of  his  deductions,  he  may  at  first  feel 
warranted  in  concluding  that  the  hypothesis  he  has  formed  is  correct.  But 
on  further  investigation  he  may  find  that  several  other  places  to  which  the 
outbreak  has  not  extended  are  served  by  the  same  water-supply.  He  must 
accordingly  reconsider  his  hypothesis,  and  either  modify  it  or  abandon  it  for 
a  fresh  one. 

Let  him  still  assume  that  the  water  has  been  the  cause  of  the  outbreak, 
but  that  only  a  portion  of  the  supply  has  been  implicated.     In  that  case  he 
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must  endeavour  to  discover  the  cause  of  the  unequal  disease-producing 
power  of  the  water  in  the  infected  parts  as  compared  with  that  in  the  rest  of 
the  water-area,  and  for  that  purpose  he  must  formulate  fresh  deductions. 

His  propositions  might  be  : — 

That  there  are  two  sources  of  water,  the  one  filling  the  mains  of  the 
infected  area,  which  has  become  contaminated,  the  other,  which  has  re- 
mained unaffected,  being  distributed  to  the  rest  of  the  water-area.  That 
there  are  direct  services  between  the  water-mains  and  some  water-closets  in 
the  infected  area.  That  there  is  some  defect  in  a  branch  main  commanding 
exclusively  that  area,  or  in  some  house-service  pipe  connected  with  it. 

He  then  prosecutes  further  inquiries  and  observations,  by  which  he  dis- 
covers that  there  is  only  one  source  of  supply  for  the  whole  water-area, 
und  that  there  is  no  direct  communication  between  the  water-mains  and  any 
water-closet,  all  of  which  are  provided  with  separate  flushing  cisterns. 

Lastly,  he  examines  a  plan  of  the  whole  system  of  water-mains,  observes 
a  certain  branch  commanding  exclusively  all  the  places  in  which  the  outbreak 
has  occurred,  and  comes  to  the  conclusion  that  there  must  be  some  defect  in 
it  which  has  allowed  the  water  passing  through  it  to  become  contaminated. 

On  having  that  branch  laid  bare  he  finds  a  broken  pipe  or  leaking  joint 
in  ground  sodden  with  filth  from  a  defective  sewer  or  cesspool,  or  possibly 
even  within  a  sewer. 

He  now  concludes  that  his  modified  hypothesis  is  correct,  but  may  deem 
it  advisable  to  obtain  still  more  conclusive  proof  by  experiment,  and  for  that 
purpose  will  perhaps  deposit  some  strong  brine  or  other  easily  determinable 
innocuous  substance  at  the  site  of  the  leak,  to  ascertain  whether  the 
character  of  the  water  is  affected  by  insuction  through  it. 

If  he  succeeds  in  ascertaining  that  shortly  before  the  commencement  of 
the  outbreak  the  sewer  or  cesspool  has  received  specifically  infected  discharges 
from  some  person  suffering  from  the  fever,  his  strong  conviction  as  to  the 
cause  of  the  epidemic  will  be  changed  to  a  certainty. 

If  he  cannot  trace  a  disease  outbreak  to  any  ordinarily  accepted  channel 
of  infection  he  will  cast  about  for  one  less  generally  observed,  such  as  the 
existence  of  some  similar  disease  amongst  animals  and  the  possibility  of  its 
communicabiHty  to  man.  In  this  regard  he  must  not  neglect  the  possibility, 
which  is  too  often  overlooked,  of  insuction  into  water-mains  taking  place, 
not  only  during  intermission  of  supply  but  even  into  pipes  '  running  full.'  Sir 
George  Buchanan  has  drawn  attention  to  this  in  a  Eeport  on  an  Epidemic  of 
Enteric  Fever  at  Croydon  in  1875,  and  an  illustration  of  it,  and  of  the  danger 
arising  from  closet-pans  being  served  directly  from  water-mains,  is  to  be  found 
in  the  late  Mr.  Spear's  Eeport  on  an  Epidemic  of  Enteric  Fever  in  the  Mountain 
Ash  Urban  Sanitary  District,  Glamorganshire,  appended  to  the  Eeport  of  the 
Medical  Officer  of  the  Local  Government  Board  for  the  year  1887,  in  which 
he  clearly  showed  an  extensive  outbreak  of  that  fever  to  have  been  due  to 
causes  of  this  nature. 

In  the  case  of  diseases  which  may  be  readily  communicated  from  person 
to  person  through  the  air  the  medical  officer  may  find  it  advantageous,  under 
some  circumstances,  to  deal  with  houses  with  first  attacks  only,  in  contra- 
distinction to  the  total  number  of  cases,  inasmuch  as  the  disease,  having 
once  gained  entrance  to  a  house,  may  spread  locally  amongst  the  inmates, 
independently  of  the  original  cause  of  the  first  attack. 

It  may  happen  that  the  opportunity  of  his  tracing  an  outbreak  through  its 
full  extent  may  be  restricted  owing  to  the  hmitation  of  his  district,  and  in 
this  is  seen  one  of  the  advantages  of  the  medical  officer  being  appointed  for 
a  combination  of  the  smaller  sanitary  districts ;  in  the  event  of  such  a  contin- 
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gency  the  investigation  may  have  to  be  undertaken  by  an  inspector  of  the 
central  medical  department,  or  possibly  in  future  the  medical  officers  of  county 
councils  may  prove  of  service  in  that  behalf. 

Eeference  may  be  made  to  Mr.  Power's  Eeport  on  Milk- Scarlatina  in 
London  in  1885,  appended  to  the  Eeport  for  that  year  of  the  Medical  Officer 
of  the  Local  Government  Board.  A  perusal  of  that  masterly  investigation 
and  unravelling  of  the  intricate  circumstances  of  a  disease  outbreak  will 
serve  to  show  the  character  of  the  methods  and  inferences  required  in  such 
inquiries. 

A  mortuary  for  the  reception  of  dead  bodies  before  interment  is  a  neces- 
sity in  populous  places,  which  the  medical  officer  of  health  should  endeavour 
to  induce  the  local  authority  to  provide,  if  not  already  in  existence.  It 
obviates  the  obligation  of  keeping  dead  bodies  in  small  houses  to  the  detri- 
ment of  the  inmates'  health,  and  especially  is  it  a  want  in  the  event  of  deaths 
from  infectious  disease. 

When  an  authority  decide  to  build  a  mortuary  for  their  district,  the 
medical  officer  will  probably  be  consulted  by  them  with  respect  to  its  site 
and  construction,  and  regarding  the  compilation  of  any  bye-laws  for  its 
management  which  they  may  wish  to  make.  Useful  suggestions  as  to  these 
points  are  to  be  found  in  the  memorandum  of  the  Local  Government  Board 
attached  to  their  model  bye-laws  (Series  No.  XV.)  with  respect  to  mortuaries. 

When  the  local  authority  have  provided  a  mortuary,  the  medical  officer 
may  have  to  give  a  certificate  when  required  to  enable  a  justice  to  order  the 
removal  thereto  of  the  body  of  anyone  who  has  died  of  an  infectious  disease 
which  is  retained  in  a  room  in  which  persons  live  or  sleep,  or  of  any  dead 
body  which  is  in  such  a  state  as  to  endanger  the  health  of  the  inmates  of 
the  house  or  room  in  which  it  is  retained,  and  to  enable  him  to  direct  the 
same  to  be  buried  within  a  time  to  be  named  in  such  order. 

Burial-grounds  may  come  within  the  observation  of  the  medical  officer  of 
health,  and,  although  having  no  direct  control  over  them,  he  may  have  to 
report  to  the  local  authority  upon  the  state  of  any  there  may  be  within  his 
district.  If  he  finds  any  over-filled  and  liable  to  be  detrimental  to  health 
he  should  bring  the  matter  to  their  notice,  and  they  would  then  call  the 
attention  of  the  controlhng  authority  to  it. 

Where  he  finds  any  burial-ground  is  without  proper  space  for  burial,  or 
by  reason  of  its  situation  in  relation  to  the  water-supply,  or  on  any  other 
account  is  dangerous  to  the  public  health,  or  where  for  the  protection  of  the 
public  health  it  is  expedient  to  discontinue  the  use  of  any  burial-ground,  no 
other  suitable  one  being  available,  he  may  have  to  advise  the  local  authority 
of  any  urban  or  rural  sanitary  district  to  provide  a  cemetery  under  the 
powers  given  them  by  the  Public  Health  (Interments)  Act,  1879,  and  to 
assist  them  in  framing  bye-laws  with  respect  to  the  management  of  such 
cemetery. 

The  regulation  of  burial-grounds  provided  under  the  Burial  Acts  does  not 
concern  him,  such  being  subject  to  regulations  issued  by  the  Home  Office. 
A  summary  of  a  '  Memorandum  on  the  Sanitary  Eequirements  of  Cemeteries,' 
issued  by  the  Local  Government  Board,  will  be  found  on  page  723. 

New  streets  and  buildings  in  urban  sanitary  districts,  in  the  districts  of 
rural  sanitary  authorities  who  have  obtained  the  powers  of  an  urban  autho- 
rity for  the  purpose,  and  in  the  metropolis,  may  be  regulated  by  bye-laws. 
When  the  local  authority  contemplate  framing  any  for  that  purpose  the 
medical  officer  of  health  will  probably  have  to  advise  them  concerning 
any  matters   affecting  health   involved  in   them,  and  he  will  not   infre- 
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quently  be  called  upon  to  give  his  opinion  respecting  the  apphcation  of  any 
which  are  in  force  in.  so  far  as  they  apply  to  anything  influencing  the 
public  health. 

Under  the  model  bye-laws  respecting  this  subject  issued  by  the  Local 
Government  Board  (series  No.  IV.),  power  of  entry  for  inspection  is  given  to 
the  surveyor  only,  and  not  to  the  medical  officer  of  health. 

Legal  j^roceedings  may  be  instituted  and  carried  on  by  the  medical  officer 
of  health  when  he  is  authorised  by  a  resolution  of  the  local  authority,  either 
generally  or  in  respect  of  any  special  proceeding ;  and  when  so  authorised 
he  may  appear  for  them  before  any  court  or  in  any  proceedings  they  are 
authorised  to  undertake  under  the  Public  Health  Acts.  It  is,  however,  not 
desirable  that  he  should  undertake  this  duty ;  it  is  better  that  it  should  be 
performed  by  the  clerk  of  the  authority,  who  is  generally  a  member  of  the 
legal  profession,  or  by  the  inspector  of  nuisances,  assisted  by  the  clerk. 

Section  266  of  the  Public  Health  Act,  1875,  provides  that  if  notices, 
orders,  &c.,  require  authentication  by  the  local  authority,  the  signature  of 
them  by  their  clerk,  surveyor,  or  inspector  of  nuisances  shall  be  sufficient 
authentication.  This  would  make  it  appear  that  the  signature  of  the  medical 
officer  of  health  would  not  authenticate  a  form  of  notice  reqmring  the  abate- 
ment of  a  nuisance  ;  but  on  again  referring  to  the  191st  section  of  that  Act 
it  will  be  seen  that  he  may  exercise  any  of  the  powers  with  which  an  inspec- 
tor of  nuisances  is  invested  by  the  Act ;  so  he  has  the  power  to  sign  such 
notices,  though  it  is  not  desirable  that  he  should  do  so  as  a  rule ;  it  is  better 
that  the  inspector  should. 

When  a  person  on  whom  a  notice  to  abate  a  nuisance  has  been  served 
makes  default  in  complying  with  any  of  its  requisitions  within  the  time 
specified,  or  if  the  nuisance,  although  abated,  is  in  the  opinion  of  the  local 
authority  likely  to  recur,  the  medical  officer,  acting  on  their  instructions, 
may  make  a  complaint  relating  to  the  nuisance  before  a  justice  for  the  pur- 
pose of  obtaining  a  summons  requiring  the  person  in  default  to  appear  before 
a  court  of  summary  jurisdiction ;  but  it  is  better  that  such  complaint  should 
be  made  by  some  other  officer  of  the  local  authority,  and  generally  it  is  made 
by  the  inspector. 

However,  when  a  person  has  been  so  summoned,  the  medical  officer  will 
often  have  to  give  evidence  at  the  hearing  of  the  case.  In  doing  so  he  should 
express  himself  clearly,  concisely,  and  in  simple  language  ;  avoiding,  as  far  as 
he  may  be  able,  any  technical  terms  which  may  not  be  generally  understood. 
He  must  not  allow  his  zeal  for  the  improvement  of  his  district  or  for  the 
success  of  his  cause  to  prompt  him  to  overstrain  any  opinion  he  may  have 
to  express,  or  to  exaggerate  any  fact  he  may  have  to  depose  to,  in  any  way 
that  might  unfairly  affect  or  prejudice  the  defendant's  case.  The  Public 
Health  Act,  1875,  distinctly  states  that  false  evidence  given  on  oath  under 
any  of  the  provisions  of  that  Act  is  punishable  as  perjmy ;  but  it  is  not  at 
all  probable  that  any  medical  officer  would  lay  himself  open  to  the  infliction 
of  those  penalties. 

"When  notes  have  been  made  at  the  time  of  observation  of  any  circumstance 
connected  with  the  case,  the  medical  officer  may  refresh  his  memory  from 
them,  but  he  cannot  read  them  out  as  evidence.  If  he  has  made  a  copy  of 
his  notes,  on  account  of  their  being  indistinct,  or  for  any  other  reason,  he 
should  preserve  the  original  for  production  if  required. 

Dairies,  coio-sheds,  and  milk-sliops  have  been  placed  under  the  control 
of  urban  and  rural  sanitary  authorities  by  the  Contagious  Diseases  (Animals) 
Act,  1886 ;  in  the  metropohs  they  remain  subject  to  the  control  of  the 
Corporation  of  London  and  of  the  London  County  Council,  under  the  pro- 
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\dsions  of  the  Public  Health  (London)  Act,  1891.  To  those  authorities  is 
entrusted  the  duty  of  enforcing  the  provisions  of  the  Dairies,  Cow-sheds, 
and  Milk-shops  Order  of  1885,  and  the  Amending  Order  of  1886,  and  their 
medical  ofl&cers  will  have  to  assist  them  in  so  doing. 

For  the  purpose  of  enforcing  the  Orders  and  any  others  which  may  be 
made  by  the  Local  Government  Board,  and  any  regulations  or  bye-laws 
made  thereunder  by  local  authorities,  those  officers  are  to  have  the  saine 
right  to  be  admitted  to  any  premises  as  the  sanitary  authorities  and  their 
officers  have  for  the  purpose  of  examining  as  to  the  existence  of  any  nuisance 
thereon. 

If  they  are  refused  admission  to  any  premises  they  have  the  same  power 
as  under  the  PubHc  Health  Acts  to  obtain  a  magistrate's  order  for  admission, 
which  can  be  enforced  under  the  powers  of  those  Acts. 

They  must  not,  however,  enter  any  cow-shed  or  other  place  in  which  an 
animal  affected  with  any  disease  is  kept,  and  which  is  situated  in  a  place 
declared  by  the  local  authority  within  the  meaning  of  the  Contagious 
Diseases  (Animals)  Act,  1878,  to  be  infected  with  such  disease,  except  with 
the  permission  of  such  authority. 

The  word '  animal '  includes  cattle,  sheep,  goats,  and  all  other  ruminating 
animals,  swine,  horses,  asses,  mules,  and  dogs  ;  '  cattle  '  means  bulls,  cows, 
oxen,  heifers,  and  calves. 

The  term  *  disease  '  means  cattle-plague  or  rinderpest,  contagious  pleuro- 
pneumonia of  cattle  or  pleuro-pneumonia,  foot-and-mouth  disease,  sheep - 
pox  or  sheep-scab,  glanders,  farcy,  swine  fever,  anthrax,  and  rabies. 

The  occurrence  of  any  other  infectious  disease,  or  of  either  of  those 
diseases  among  any  animals  other  than  those  named  above,  will  not  hinder 
those  officers  from  entering  a  place  in  which  any  animal  is  kept. 

It  will  probably  be  found  convenient  for  them  to  obtain  from  the  local 
authorities,  under  the  Act  of  1878,  of  their  districts  a  general  authorisation 
to  enter  any  cow-shed  or  other  place  in  which  there  is  any  diseased  animal, 
when  situated  in  an  infected  place. 

Mention  is  not  made  in  the  Act  of  1886  of  any  particular  officers  who 
are  to  be  entrusted  with  the  execution  of  its  provisions  ;  it  gives  all  alike  a 
statutory  right  of  entry  to  any  premises  for  the  purpose  of  enforcing  any 
Orders  and  Eegulations. 

The  clerk  of  the  local  authority  will  be  concerned  with  all  legal  questions 
arising  out  of  the  administration  of  the  Act,  and  will  have  control  of  any 
proceedings  at  law  that  may  be  necessary. 

Upon  the  inspector  of  nuisances  will  probably  devolve  the  chief  part  of 
the  work  required  for  enforcing  Orders  and  Regulations,  and  probably  he  will, 
under  the  direction  of  the  clerk,  conduct  proceedings  for  prosecuting  offences 
and  recovering  penalties  which  may  be  incurred. 

The  medical  officer  of  health  will  have  to  advise  the  local  authority  on 
questions  arising  out  of  the  enforcement  of  Orders  of  the  Local  Government 
Board,  and  upon  the  framing  and  enforcing  of  any  Regulations  they  may 
make  under  such  Orders.  He  will  also  advise  the  inspector  upon  any  points 
concerning  which  he  may  be  in  doubt,  and  will  exercise  a  general  supervision 
over  the  enforcement  of  the  Orders  and  Eegulations. 

In  the  event  of  the  outbreak  of  fever  or  any  infectious  disorder  which 
may  possibly  be  due  to  the  consumption  of  infected  milk,  he  will  have 
important  duties  to  perform  in  the  matter  of  making  inquiry  into  the  causes 
of  epidemics,  and  of  advising  the  local  authority  on  the  adoption  of  such 
measures  as  may  appear  to  him  to  be  necessary  when  he  possesses  evidence 
of  human  disease  being  spread  through  the  medium  of  milk  from  any  dairy, 
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cow-shed,  or  milk-shop.  Under  those  circumstances  he  will,  of  course, 
•exercise  much  tact  and  discretion  in  prosecuting  such  inquiries,  for  untold 
injury  might  be  inflicted  upon  persons  engaged  in  the  trades  through  any 
want  of  caution  on  his  part. 

In  the  metropolis,  and  in  districts  where  the  4th  section  of  the  Infectious 
Disease  (Prevention)  Act,  1890,  is  m  force,  he  has  additional  powers  of 
inspection  of  dairies  which  are  described  with  the  provisions  of  that  Act. 

Where  there  is  a  surveyor,  the  medical  officer  should  seek  his  advice  in 
any  case  in  which  important  structural  alterations  may  be  contemplated. 

If  the  work  in  any  district  should  prove  to  be  heavy,  the  officers  chiefly 
concerned  would  fairly  be  entitled  to  some  extra  remuneration  for  the 
additional  duties  thus  cast  upon  them. 

The  medical  officer  of  health  has  no  powers  or  duties  in  respect  of  con- 
tagious diseases  amongst  animals  in  dairies,  or  cow-sheds,  or  elsewhere, 
except  so  far  as  relates  to  milk  from  diseased  cows.  Such  matters  are  stiU  to 
be  dealt  with  by  the  same  local  authorities  as  under  the  Act  of  1878  ;  but  the 
Anthrax  Order  of  1892,  made  by  the  Board  of  Agricultm^e,  requires  that 
whenever  an  inspector  under  the  Contagious  Diseases  (Animals)  Acts  receives 
notice  of  the  occurrence  of  anthrax  amongst  animals  he  shall  forthwith  give 
information  of  the  receipt  of  the  notice  to  the  medical  officer  of  health  of  the 
district  in  which  the  diseased  or  suspected  animals  are  located,  though  it 
does  not  impose  upon  this  officer  any  duty  or  obligation  in  respect  of  that 
information. 

In  a  circular  letter  addressed  in  1886  to  local  authorities,  the  Local 
Government  Board  observe  that  they  'understand  that  the  Agricultm'al 
Department  of  the  Privy  Council  are  of  opinion  that  it  is  desirable,  for  the 
due  carrying  out  of  the  Contagious  Diseases  (Animals)  Acts,  that  the  officers 
of  sanitary  authorities  should  give  notice  to  the  county  authorities  of  any 
disease  of  animals  found  by  them  in  any  dairy  or  cow-shed  ;  and  the  Board 
suggest  that  the  sanitary  authority  should  give  directions  to  their  officers 
to  furnish  this  information  to  the  county  authority.' 

It  would  be  of  further  advantage  if  the  local  authorities  acting  under 
those  Acts  were  to  instruct  their  officers  always  to  furnish  medical  officers 
of  health  with  information  of  the  occurrence  of  any  disease  of  animals 
in  their  districts,  so  that  they  might  be  prepared  to  obtain,  if  not  pre- 
viously furnished  with  it,  the  needful  permission  to  enter  any  cow-shed  or 
other  place  in  an  infected  place,  and  so  be  able  to  duly  enforce  the  article  of 
the  Order  of  1885  restricting  the  sale  of  the  milk  of  diseased  cows.  That 
article  cannot  be  enforced  unless  a  cow  is  ill  with  either  cattle-plague, 
pleuro-pneumonia,  foot-and-mouth  disease,  anthrax,  or  rabies ;  it  will  not 
apply  in  the  event  of  a  cow  suffering  from  any  other  disease,  not  even  from 
tuberculosis,  or  any  disease  suspected  to  be  causing  diphtheria  or  scarlatina, 
such,  for  instance,  as  the  Hendon  cow-disease ;  the  order  does  not  prohibit 
the  sale  of  the  milk  of  cows  thus  affected. 

It  is  incumbent  upon  the  medical  officer  of  health  to  exercise  these 
powers  in  respect  of  dairies,  cow-sheds,  and  milk-shops  with  due  regard  to  the 
large  interests  concerned  ;  at  the  same  time  he  must  see  that  the  control  of 
those  in  his  district  is  something  more  than  nominal,  whilst  in  no  respect 
needlessly  harassing.  He  must  insist,  and  insist  firmly,  on  all  reasonably 
practical  precautions  against  infection  being  rigidly  adhered  to,  but  he  must 
not  attempt  to  convert  old  cow- sheds  and  dairies  into  ideal  standards  of 
perfection,  or  to  make  such  demands  as  might  well  be  satisfied  by  large 
concerns,  but  which  would  crush  out  the  smaller  men  ;  he  must  attempt  to 
do  as  much  as  he  fairly  can  to  prevent  disease  without  causing  any  expendi- 
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ture  beyond  what  the  persons  carrying  on  the  trades  may  be  reasonably 
called  upon  to  incur. 

There  are  various  matters  in  respect  of  which  offences,  punishable  by 
fines,  may  be  committed  by  such  persons  ;  it  is,  therefore,  only  fair  to  them 
that  it  should  be  defined  as  clearly  as  may  be  what  those  offences  are,  and 
that  as  little  as  possible  should  be  left  dependent  upon  the  caprice  of  this  or 
that  officer. 

For  the  accomplishment  of  this  end  it  is  necessary  that  clear,  concise, 
and  well-defined  regulations  should  be  made.  When  advising  on  the  formu- 
lation of  such  regulations,  the  medical  officer  must  have  regard  to  the 
general  principles  to  be  kept  in  view,  which  are — that  the  regulations  must 
adhere  most  rigidly  to  the  letter  of  the  law  ;  that  they  may  in  no  respect  go 
outside  or  beyond  the  specific  matters  in  respect  of  which  powers  have  been 
given  to  local  authorities  to  make  them  ;  that,  like  all  bye-laws,  they  must 
only  amplify  and  particularise  such  matters,  but  must  not  merely  re-enact 
anything  that  has  been  specifically  enacted  in  an  Act  of  Parliament  or  in 
Orders  made  thereunder ;  and  that  they  must  not  be  of  too  restrictive  a 
character  or  repugnant  to  the  laws  of  the  land,  but  must  be  reasonable, 
certain,  determinate,  and  of  general  application,  as  they  will  have  locally  the 
binding  effect  of  a  statute. 

Although  he  may  consider  matters  other  than  those  individually  named 
in  the  Acts  and  Orders  to  have  a  distinct  bearing  on  disease  prevention,  yet 
he  cannot  comprise  them  in  the  regulations,  because  they  would  be  ultra 
vires. 

The  Infectious  Disease  (Prevention)  Act,  1890,  invests  the  medical  officer 
of  health  of  any  urban  or  rural  sanitary  district  in  which  it  has  been 
adopted  with  some  special  powers,  which  also  belong  to  all  metropolitan 
medical  officers,  similar  provisions  being  included  in  the  Public  Health 
(London)  Act,  1891. 

Section  4  gives  him  power  to  inspect  any  dairy,  within  or  without  his 
district,  if  authorised  by  an  order  of  a  justice  having  jurisdiction  in  the  place 
where  it  is  situated,  and,  if  accompanied  by  a  veterinary  inspector  or  some 
other  properly  qualified  veterinary  surgeon,  the  cattle  therein,  when  he  has 
reason  to  beheve  that  milk  supplied  therefrom  has  caused,  or  is  likely  to 
cause,  infectious  disease  amongst  any  persons  within  his  district.  If  he  is  of 
opinion  that  it  has  been  caused  by  the  milk,  he  must  make  a  report  to  his 
local  authority,  which  must  be  accompanied  by  any  report  he  may  have 
received  from  a  veterinary  inspector  or  veterinary  surgeon,  and  they  may, 
if  necessary,  make  an  order  prohibiting  the  supply  of  milk  in  their  district. 
When  the  medical  officer  or  the  local  authority  is  satisfied  that  the  milk- 
supply  has  been  changed,  or  that  the  cause  of  the  infection  has  been  removed, 
the  order  must  be  withdrawn. 

He  must  undertake  this  inspection  himself,  since  a  Uke  power  is  not 
conferred  upon  the  inspector  of  nuisances,  and  he  may  for  the  purpose  enter 
any  farm,  farm-house,  cow-shed,  milk-store,  milk-shop,  or  other  place  from 
which  milk  is  supplied,  or  in  which  it  is  kept  for  purposes  of  sale. 

Having  thus  the  power  to  go  into  any  other  district  for  the  purposes  of 
this  section,  it  is  very  desirable  that  he  should  take  the  earliest  opportunity 
of  informing  the  medical  officer  of  any  district  he  may  enter  of  the  circum- 
stances of  the  case,  so  that  they  may  act  in  concert  with  each  other. 

Although  it  is  quite  necessary  that  the  interests  of  the  dairyman  should 
be  reasonably  safeguarded,  yet  it  is  to  be  wished  that  a  less  cumbersome 
method  of  securing  that  end  should  have  been  devised. 

Section  5  enables  the  medical  officer  to  give  a  certificate  for  the  cleansing. 
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and  disinfection  of  any  infected  house,  room,  or  article  contained  therein, 
which  has  then  to  be  done  to  his  satisfaction. 

Under  section  6,  when  generally  empowered  by  the  local  authority  to  do 
so,  he  may,  by  notice  in  writing,  require  the  owner  of  infected  bedding, 
clothing,  or  other  articles  to  deliver  them  over  to  an  officer  of  the  authority 
for  removal  for  disinfection. 

He  might  certify  as  to  the  proper  disinfection  of  houses,  &c.,  for  the 
purposes  of  the  7th  section. 

Under  section  8,  his  sanction  in  writing,  or  that  of  another  registered 
medical  practitioner,  has  to  be  obtained  before  the  body  of  a  person  who  has 
died  from  any  infectious  disease  may  be  retained  for  more  than  forty-eight 
hours  in  any  room  used  at  the  time  as  a  dwellmg-plaee,  sleeping-place,  or 
work-room. 

He  may  give  a  certificate  under  the  9th  section  to  prevent  the  removal, 
except  for  burial,  of  the  body  of  any  person  dying  of  infectious  disease  in  any 
hospital  or  place  of  temporary  accommodation  for  the  sick. 

He  may  make  application,  under  the  10th  section,  for  a  justice's  order 
for  removal  to  a  mortuary  and  burial  of  the  body  of  any  person  who  has 
died  from  any  infectious  disease  which  remains  unburied  in  a  room  used  at 
the  time  as  a  dwelling-place,  sleeping-place,  or  work-room,  for  more  than 
forty-eight  hours  after  death  without  his  sanction,  or  that  of  another 
registered  medical  practitioner ;  or  of  the  dead  body  of  any  person  when 
retained  in  any  house  or  building  so  as  to  endanger  the  health  of  the  in- 
mates of  such  house  or  building,  or  of  any  adjoining  or  neighbouring  house 
or  building. 

He  may  make  a  representation,  under  the  12th  section,  to  a  justice  for 
the  purpose  of  getting  an  order  from  him  for  the  detention  in  a  hospital  for 
infectious  diseases  of  any  person  who  is  there  ill  with  any  infectious  disease, 
and  who  on  leaving  would  not  be  provided  with  lodging  or  accommodation 
in  which  proper  precautions  could  be  taken  to  prevent  the  spread  of  infection. 

The  adoption  of  Part  III.  of  the  Public  Health  Acts  Amendment  Act, 
1890,  affects  the  medical  officer  of  health  in  urban  and  rural  sanitary 
districts  but  slightly. 

Possibly  he  might  be  authorised  by  a  local  authority  to  enter  any 
premises  for  the  purpose  of  examining  them  to  ascertain  whether  any 
chemical  refuse,  waste  steam,  or  any  liquid  of  a  higher  temperature  than 
110°  Fahrenheit,  is  turned  into  their  sewers  in  contravention  of  the  17th 
section,  and  if  entry  is  refused  him  he  can  then  obtain  a  justice's  order  for 
admission  in  the  prescribed  manner. 

Under  the  21st  section  he  may  be  concerned  with  the  condition  of 
sanitary  conveniences  used  in  common. 

The  28th  section  empowers  him  to  examine,  and,  if  necessary,  to  seize 
any  article  of  food  whatever,  without  reference  to  the  limited  number 
enumerated  in  the  116th  section  of  the  Public  Health  Act,  1875. 

He  may  be  called  upon  to  advise  an  urban  sanitary  authority  upon 
questions  connected  with  health  involved  in  framing  and  enforcing  bye-laws 
under  the  23rd  and  26th  sections,  and  also  a  rural  sanitary  authority,  so 
far  as  they  are  concerned  with  those  sections. 

Scotland  and  Ieeland 

The  remarks  in  the  foregoing  pages  respecting  the  powers  and  duties  of 
medical  officers  of  health  under  the  Acts  enumerated  below  apply  to  those 
officers  in  Scotland  and  Ireland,  namely  : — The  Factory  and  Workshop  Acts, 
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the  Housing  of  the  Working  Classes  Acts,  1885  and  1890 ;  the  Merchant 
Shipping  (Fishing  Boats)  Act,  1883 ;  the  Eivers  Pollution  Prevention  Act, 
1876 ;  the  Alkali,  &c.,  Works  Eegulation  Acts,  1881  and  1892 ;  the  Sale  of 
Horseflesh,  &c.,  Eegulation  Act,  1889  ;  the  Sale  of  Food  and  Drugs  Act,  1875, 
and  the  Amending  Act  of  1879  ;  the  Margarine  Act,  1887 ;  the  Infectious 
Disease  (Notification)  Act,  1889 ;  the  Contagious  Diseases  (Animals)  Act, 
1886 ;  in  Scotland  only,  the  Customs  and  Inland  Eevenue  Acts,  1890  and 
1891 ;  and  in  Ireland  only,  Part  III.  of  the  Infectious  Disease  (Prevention) 
Act,  1890,  and  the  Public  Health  Acts  Amendment  Act,  1890,  where  adopted. 

Sco  tland 

Dr.  Littlejohn,  of  Edinburgh,  states  that  his  appointment  as  officer  of 
health  was  probably  the  earliest  in  Scotland.  He  was  appointed  in  1863, 
under  the  General  Police  and  Improvement  (Scotland)  Act,  1862,  which 
applied  only  to  burghs,  and  which  provided  that  an '  officer  of  health  '  might  be 
appointed ;  but  he  might  also  be  '  surveyor  of  paving  and  drainage  and 
inspector  of  cleansing,'  so  evidently  it  was  not  necessary  that  he  should  be  a 
medical  man.  He  was  described  '■  as  a  person  of  competent  skill  and  experi- 
ence, whose  duty  it  shall  be  to  ascertain  the  existence  of  disease  within  the 
limits  appointed  to  him,  especially  of  epidemic,  endemic  and  contagious 
diseases,  and  to  point  out  any  local  causes  likely  to  occasion  or  continue  such 
diseases  or  otherwise  injure  the  health  of  the  inhabitants  ;  and  to  point  out 
the  best  means  of  checking  or  preventing  the  spread  of  such  diseases,  and 
from  time  to  time,  as  required  by  the  commissioners,  to  report  to  them  on  the 
matters  aforesaid  and  to  perform  any  other  duties  of  a  like  nature  which  may 
be  required  of  him.' 

Professor  Gairdner  was  the  first  medical  officer  of  health  of  Glasgow,  and 
was  appointed  in  1863,  under  a  local  Act.  Dr.  Dunlop,  who  was  an  assist- 
ant under  him,  says  that  he  did  more  for  sanitary  science  in  Scotland  than 
any  other  man. 

In  1867  the  Public  Health  (Scotland)  Act  was  passed.  The  8th  sec- 
tion empowered  all  local  authorities  named  in  the  Act  to  appoint  medical 
officers,  and  to  make  bye-laws  for  regulating  their  duties.  Where  it  was 
thought  necessary  by  the  Board  of  Supervision  for  the  purposes  of  the  Act 
they  were  obliged  to  make  such  appointments.  The  officers  had  to  supply 
reports  to  the  Board  when  required. 

'  The  Local  Government  (Scotland)  Act,  1889,  has  constituted  county 
councils,  having  the  whole  powers  and  duties  of  the  local  authorities  under 
the  Public  Health  Acts  of  parishes  so  far  as  within  the  counties  (excluding 
burghs  and  police  burghs),  and  has  divided  the  counties  into  districts  with 
district  committees,  for  the  purposes,  amongst  other  things,  of  the  adminis- 
tration of  the  laws  relating  to  pubhc  health. 

Those  committees,  subject  to  the  provisions  of  the  Act,  are  now  the  local 
authorities  under  the  Public  Health  Acts,  and  may  exercise  within  their 
districts  all  the  powers  and  duties  transferred  by  the  Act  to,  or  conferred  on, 
the  county  councils  with  respect  to  the  administration  of  the  laws  relating  to 
public  health,  except  those  relating  to  medical  officers  or  sanitary  inspectors 
for  the  counties.  Medical  officers  of  counties  or  districts  may  appeal  from 
any  proceedings  or  order  of  district  committees  to  the  county  councils,  who 
may  on  such  appeal  make  an  order  under  the  Public  Health  Acts. 

The  power  of  appointing  officers  under  the  PubUc  Health  Acts  is  varied, 
so  that  it  is  now  lawful  to  appoint  them  either  for  whole  districts  or  any 
part  thereof  or  parishes  therein  as  shall  be  deemed  expedient. 

Section  52  requires  the  council  of  every  county  to  appoint  and  pay  a 
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medical  officer  or  medical  officers,  who  sliaU  not  liold  any  other  appointment, 
or  engage  in  private  practice  or  employment  without  express  written  consent 
of  the  council.  The  county  council  and  any  district  committee,  as  the  local 
authority  under  the  Public  Health  Acts,  may  from  time  to  time  make  and 
carry  into  effect  arrangements  for  rendering  the  services  of  such  officer  or 
officers  regularly  available  in  the  district  of  the  district  committee,  on  such 
terms  as  to  the  contribution  by  the  district  committee  to  the  salary  of  any 
medical  officer,  or  otherwise,  as  may  be  agreed,  and  the  medical  officer  shall 
then  have  within  such  district  all  the  powers  and  duties  of  a  medical  officer 
appointed  by  a  district  committee.  So  long  as  such  an  arrangement  is  in 
force  the  district  committee  need  not  appoint  a  separate  medical  officer. 

Section  53  requires  every  medical  officer  to  send  to  the  county  council 
of  the  county  in  which  his  district  is  situated  a  copy  of  every  report  of 
which  a  copy  is  for  the  time  being  required  by  the  regulations  of  the  Board 
of  Supervision  to  be  sent  to  that  Board. 

A  county  council  may  cause  a  representation  to  be  made  to  the  Board  if 
they  consider  that  the  Pubhc  Health  Acts  have  not  been  properly  put  in  force 
within  any  district,  or  that  any  other  matter  affecting  the  public  health  of 
the  district  requires  to  be  remedied. 

Section  54  enacts  that : —  '(1)  No  person  shall  hereafter  be  appointed  the 
medical  officer  of  any  county  or  district  or  parish,  unless  he  is  a  registered 
medical  practitioner.  (2)  No  person  shaU  after  January  1, 1893,  be  appointed- 
the  medical  officer  under  the  Public  Health  Acts  for  a  county  or  district 
or  parish  which  contained,  according  to  the  last  published  census  for  the 
time  being,  a  population  of  30,000  or  upwards,  unless  he  is  qualified  as  above 
mentioned,  and  also  is  registered  on  the  medical  register  as  the  holder  of  a 
diploma  in  sanitary  science,  pubUc  health,  or  State  medicine  under  section  21 
of  the  Medical  Act,  1886.  .  .  .  (4)  Every  medical  officer  and  every  sanitary 
inspector  appointed  under  this  Act  or  under  the  Public  Health  Acts  shall  be 
removable  from  office  only  with  the  sanction  of  the  Board  of  Supervision.' 

A  medical  officer  of  any  county,  or  of  any  committee  under  the  Act,  can- 
not be  elected  as  a  county  councillor ;  and  no  county  councillor  or  his  partner 
can  be  appointed  as  such  medical  officer  ;  this  disqualification  apphes  to  any 
person  and  his  partner  during  six  months  next  after  ceasing  to  be  a  county 
councillor. 

In  1890  the  Board  of  Supervision  made  Eegulations  and  Bye-Laws  for- 
medical  officers  appointed  under  the  Pubhc  Health  Act  and  the  Local  Govern- 
ment Act,  which  are  here  quoted.  The  Eegulations,  marked  No.  I.,  are 
obligatory ;  they  apply  to  every  medical  officer  of  a  district  of  a  county,, 
and  take  effect  without  any  minute  or  resolution  of  the  district  committee. 
The  Bye-Laws  may  be  regarded  as  model  sets  of  bye-laws  authorised  by  sec- 
tion 8  of  the  Pubhc  Health  (Scotland)  Act,  1867.  Those  marked  No.  11.  are 
apphcable  to  medical  officers  appointed  by  county  councils  under  the  Local 
Government  (Scotland)  Act,  1889  ;  and  those  marked  No.  HI.  are  apphcable 
to  medical  officers  of  local  authorities  generally.  They  are  not  obligatory,, 
and  do  not  come  into  force  until  they  have  been  adopted  by  the  county 
councils  or  the  local  authorities,  as  the  case  may  be,  and  approved  by  the- 
Board. 
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No.  I. — Regulations  under  §  53  (1)  of  Local  Government  Act. 

Local  Goveknmknt  (Scotland)  Act,  1889,  Section  53  (1). 
Medical  Officers  of  Districts  of  Counties. 


Regulations  of  the  Board  of  Supervision. 

By  virtue  of  the  authority  conferred  by  the  foregoing  enactment,  the  Board  of  Super- 
vision hereby  make  the  following  Eegulations,  and  require  every  medical  officer  under 
the  Public  Health  Acts  for  a  district  in  any  county  in  Scotland  to  conform  thereto. 

I.  Every  such  medical  officer  shall  annually  prepare  a  report  with  regard  to  his  dis- 
trict for  the  year  ending  December  31,  which  report  shall  contain  : 

1.  A  general  account  of  the  sanitary  state  of  the  district,  and  the  measures  which  in 

his  opinion  should  be  adopted  for  its  improvement. 

2.  A  statement  of  the  general  inquiries  he  has  made  during  the  year,  and  of  any 

special  inquiries  as  to  sanitary  matters. 

3.  A  general  statement  of  any  matters  as  to  which  he  has  given  advice  or  granted 

certificates,  including  any  action  as  to  offensive  trades  and  the  sanitary  condition 
of  factories  and  workshops. 

4.  An  account  of  his  inspections  of  the  bakehouses  in  the  district,  and  of  any  pro- 

ceedings taken  with  regard  to  them. 

5.  An  account  of  the  supervision  exercised  by  him  over  the  hospitals  belonging  to 

the  local  authority,  or  to  which  the  local  authority  are  entitled  to  send  patients. 

6.  A  summary  of  the  action  taken  to  prevent  the  outbreak  and  spread  of  infectious 

disease. 

7.  A  statement  as  to  the  causes,  origin,  and  distribution  of  diseases  within  the  district, 

and  the  extent  to  which  the  same  have  depended  on  or  been  influenced  by  con- 
ditions capable  of  removal  or  mitigation. 

8.  A  tabular  statement  (in  such  form  as  the  Board  of  Supervision  may  from  time  to 

time  direct)  of  the  sickness  and  mortality  within  the  district. 

II.  He  shall  transmit  a  copy  of  the  aforesaid  report  to  the  Board  of  Supervision  and 
the  county  council  not  later  than  January  81  immediately  following  the  year  to  which  such 
report  refers. 

III.  When  in  his  opinion  any  disease  of  an  infectious  or  contagious  kind  threatens  to 
become  dangerous  or  epidemic  within  the  district,  he  shall  forthwith  report  the  same  to 
the  Board  of  Supervision  and  to  the  county  council,  stating  the  extent  of  the  outbreak, 
its  supposed  origin,  and  the  measures  adopted  for  the  prevention  of  the  spread  of  the 
disease,  and  for  the  isolation  and  treatment  of  those  affected. 

IV.  He  shall  report  to  the  Board  of  Supervision  and  to  the  county  council  every  case 
of  small-pox  in  the  district  as  soon  as  it  comes  to  his  knowledge. 

No.  II. — Bye-Laios  under  the  Public  Health  and  Local  Government  {Scotland)  Acts. 


Eecommended  By  the  Boaed  of  Supervision  fob  Eegulating  the  Duties  of   Medical 

Officers  of  Counties. 

1.  The  medical  officer  shall  by  inspection  of  the  county,  and  by  such  other  means  as 
are  at  his  disposal,  keep  himself  informed  respecting  all  influences  affecting  or  threatening 
to  affect  injuriously  the  public  health  within  the  county. 

2.  The  medical  officer  shall  inquire  into  and  ascertain,  as  far  as  practicable,  the  causes, 
origin  and  distribution  of  diseases  within  the  county ;  and  ascertain  to  what  extent  the 
same  have  resulted  from  or  may  depend  on  insanitary  conditions  capable  of  removal  or 
mitigation. 

3.  The  medical  officer  shall  advise  the  county  council  with  respect  to  all  matters. 
affecting  the  health  and  sanitary  condition  of  the  county,  and  the  execution  of  the  Public 
Health  Acts  therein. 

4.  The  medical  officer  shall  advise  the  county  council  with  regard  to  the  carrying  out 
of  the  Sale  of  Food  and  Drugs  Act,  the  Elvers  Pollution  Prevention  Act,  and  any  other 
Acts  in  regard  to  which  his  advice  may  be  required. 

5.  The  medical  officer  shall,  when  applied  to  by  the  sanitary  inspector  of  the  county 
VOL.  II.  3  G 


818  HYGIENE 

or  by  the  district  committee,  or  the  medical  officer,  or  sanitary  inspector  of  any  district  in 
the  county,  give  advice  and  render  assistance  in  any  matter  connected  with  the  public 
health. 

6.  On  receiving  information  that  any  disease  has  become  or  threatens  to  become  epi- 
demic in  the  county  or  in  any  part  thereof,  the  medical  officer  shaU  co-operate  with  the 
district  committee  and  their  medical  officer  in  taking  measures  for  its  prevention  or 
mitigation. 

7.  The  medical  officer  shall  make  such  reports  and  returns  as  may  be  called  for  by 
the  county  council  or  the  Board  of  Supervision ;  and  shall  observe  and  execute  all  lawful 
orders  and  instructions  of  the  county  council  or  the  Board  of  Supervision  applicable  to 
his  office. 

8.  The  medical  officer  shall  report  to  the  county  council  whenever  it  appears  to  him 
that  the  Pubhc  Health  Acts  have  not  been  properly  put  in  force  within  any  district,  or 
that  any  other  matter  affecting  the  public  health  of  the  district  requires  to  be  remedied, 
in  order  that  the  county  council  may  be  enabled  to  decide  whether  a  representation  should 
be  made  to  the  Board  of  Supervision  on  the  matter  in  terms  of  §  53  (2)  of  the  Local 
Government  Act. 

9.  The  medical  officer  shall  report  to  the  county  council  as  to  the  advisabUity  of 
making  bye-laws  for  the  prevention  and  suppression  of  nuisances  not  already  punishable 
in  a  summary  manner,  in  terms  of  §  57  of  the  Local  Government  Act. 

10.  The  medical  officer  shall  keep  a  journal,  in  a  form  to  be  approved  by  the  county 
council,  in  which  he  shall  enter  his  visits,  inspections,  and  other  proceedings,  with  notes 
of  his  observations,  and  of  any  instructions  he  may  give.  He  shall  submit  his  journal  to 
every  meeting  of  the  county  council,  and  shall  produce  it  when  required  by  the  Board  of 
Supervision  or  their  inspecting  officer. 

11.  The  medical  officer  shall  annually  prepare  a  report  for  the  year  ending  December 
31,  which  report  shall  contain  : 

(a)  A  general  account  of  the  sanitary  state  of  the  county,  and  the  measures  which  in 

his  opinion  should  be  adopted  for  its  improvement. 
(&)  A  statement  of  his  inquiries  and  proceedings,  and  of  the  matters  in  regard  to  which 

he  has  given  advice  or  taken  action  during  the  year. 

(c)  A  statement  of  the  causes,  origin,  and  distribution  of  diseases  in  the  county,  and 

the  extent  to  which  the  same  have  depended  on  or  been  influenced  by  conditions 
capable  of  removal  or  mitigation. 

(d)  A  summary  of  the  action  taken  to  prevent  the  outbreak  and  spread  of  infectious 

disease,  and  an  account  of  the  hospitals  or  other  means  of  isolation  existing 
within  the  county. 

(e)  A  tabular  statement  of  the  sickness  and  mortality  within  the  county,  embodying 

the  information  contained  in  the  reports  which  the  medical  officers  of  districts 
or  parts  of  districts  are  required  to  send  to  the  county  council. 
He  shall  transmit  a  copy  of  such  report  to  the  Board  of   Supervision  and  the  county 
council  not  later  than  the  31st  day  of  March  of  the  year  immediately  following  that  to 
which  the  report  refers. 


No.  in. — Ameiided  Bye-Laws  under  §80/  the  Public  Health  (Scotland)  Act,  1867. 

Eecommended  bt  the  Boaed  of  Supervision  foe  Regulating  the  Duties  of  Medical 
Officers  (othee  than  Medical  Officees  of  Counties. 

1.  The  medical  officer  shall  inform  himself,  as  far  as  practicable,  respecting  all  in- 
fluences affecting  or  threatening  to  affect  injuriously  the  public  health  within  the  district 
of  which  he  is  medical  officer. 

2.  The  medical  officer  shall  inquire  into  and  ascertain,  by  such  means  as  are  at  his 
disposal,  the  causes,  origin  and  distribution  of  diseases  within  the  district ;  and  ascertain 
to  what  extent  the  same  have  resulted  from  or  may  depend  on  insanitary  conditions 
capable  of  removal  or  mitigation. 

3.  The  medical  officer  shall,  by  inspection  of  the  district,  both  systematically  at  certain 
periods,  and  at  intervals  as  occasion  may  require,  keep  himself  informed  of  the  conditions 
injurious  to  health  existing  therein. 

4.  The  medical  officer  shall  be  prepared  to  advise  the  local  authority  on  all  matters 
affecting  the  health  of  the  district,  and  on  all  sanitary  points  involved  in  the  action  of  the 
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local  authority  ;  and,  in  cases  requiring  it,  he  shall  certify,  for  the  guidance  of  the  local 
authority,  or  of  the  sheriff,  or  any  magistrate  or  justice,  as  to  any  matter  in  respect  of 
which  the  certificate  of  a  medical  officer  or  a  medical  practitioner  is  required  as  the  basis 
or  in  aid  of  sanitary  action. 

5.  On  receiving  information  of  the  occurrence  of  any  contagious,  infectious,  or  epi- 
demic disease  within  the  district,  the  medical  officer  shall  visit  the  spot  without  delay, 
and  inquire  into  the  causes  and  circumstances  thereof,  and  advise  the  persons  com- 
petent to  act  as  to  the  measures  which  may  appear  to  him  to  be  required  to  prevent 
the  extension  of  the  disease,  and,  so  far  as  he  may  be  able,  assist  in  the  execution  of  the 
same. 

6.  On  receiving  information  from  the  sanitary  inspector  that  his  intervention  is  re- 
quired in  consequence  of  the  existence  of  any  nuisance  injurious  to  health,  or  of  any 
overcrowding  in  a  house,  the  medical  officer  shall,  as  early  as  practicable,  take  such  steps 
authorised  by  the  statute  in  that  behalf  as  the  circumstances  of  the  case  may  justify  and 
require. 

7.  The  medical  officer  shall  inquire  into  any  offensive  process  of  trade  carried  on 
within  the  district,  and  report  on  the  appropriate  means  for  the  prevention  of  any  nuisance 
or  injury  to  health  therefrom. 

8.  The  medical  officer  shall  make  the  necessary  inspections  and  otherwise  perform  the 
duties  devolving  on  him  under  the  Factory  and  Workshop  Act,  1883,  in  regard  to  bake- 
houses. 

9.  The  medical  officer  shall  from  time  to  time,  and  once  at  least  in  every  year,  visit 
and  inspect  every  hospital  belonging  to  the  local  authority  or  to  which  the  local  authority 
are  entitled  to  send  patients,  and  shall  forthwith  report  to  the  local  authority  any  circum- 
stance which  may  impair  the  fitness  of  such  hospital  for  the  reception  and  treatment  of 
infectious  disease. 

10.  The  medical  officer  shall  perform  all  the  duties  imposed  upon  him  by  any  Bye- 
Laws  and  Kegulations  of  the  local  authority  duly  approved  in  respect  of  any  matter  affect- 
ing the  public  health,  and  he  shall  further  observe  and  execute,  so  far  as  the  circumstances 
of  the  district  may  require,  the  instructions  of  the  Board  of  Supervision  and  all  the  law- 
ful orders  and  directions  of  the  local  authority  applicable  to  his  office. 

11.  The  medical  officer  shall  attend  at  the  office  of  the  local  authority,  or  at  some 
other  appointed  place,  at  such  stated  times  as  they  may  direct. 

12.  The  medical  officer  shall  keep  a  book  or  books,  to  be  provided  by  the  local  authority, 
in  which  he  shall  make  an  entry  of  his  visits,  and  notes  of  his  observations  and  instruc- 
tions thereon,  and  also  the  date  and  nature  of  applications  made  to  him,  the  date  and 
result  of  the  action  taken  thereon,  and  of  any  action  taken  on  previous  reports  ;  and  shall 
produce  such  book  or  books  whenever  required  to  the  local  authority,  the  Board  of  Super- 
vision, and  the  inspecting  officer  of  the  Board. 

13.  The  medical  officer  shall  from  time  to  time  make  such  special  reports  and  returns 
as  may  be  called  for  by  the  local  authority  or  the  Board  of  Supervision. 

14.  The  medical  officer  shall  at  all  reasonable  times  afford  assistance  and  furnish  in- 
formation to  the  county  council  and  the  officers  appointed  by  them  ;  and,  when  he  deems 
it  necessary,  or  when  so  instructed  by  the  local  authority,  he  shall  take  the  advice  of  the 
medical  officer  of  the  county. 

[The  above  Bye-Laws,  with  the  necessary  verbal  alterations,  may  be  adopted  by  the 
local  authorities  of  burghs.] 

The  Board  of  Supervision  state  in  their  47th  Annual  Report  that 
it  was  their  intention  that  the  reports  to  be  furnished  by  medical  officers 
should  comprise  mortality  tables  arranged  under  the  heads  of  various  classes 
of  diseases  ;  but  that  a  number  of  officers  were  unable  to  furnish  them  with 
that  information,  owing  to  the  refusal  of  some  of  the  registrars  to  supply 
extracts  from  their  books,  save  at  a  cost  that  the  local  authorities  were  un- 
wilKng  to  incur.  In  Scotland  there  is  no  provision  for  the  supply  of  those 
extracts  such  as  exists  in  England,  and  the  returns  desired  by  the  medical 
officers  can  only  be  obtained  by  private  arrangement  with  the  registrars. 
The  Board  express  the  opinion  that,  failing  agreement,  there  seems  no 
resource  but  legislation,  whereby  Scotland  would  be  placed  in  the  same 
position  as  England  in  that  respect. 

In  their  46th  Annual  Report  the  Board  of  Supervision  say  that  the 

3g2 


820  HYGIENE  . 

services  of  a  large  number  of  medical  officers  and  sanitary  inspectors  of 
parochial  boards  have  been  dispensed  with,  giving  local  authorities  freedom 
to  establish  a  suitable  and  efficient  sanitary  organisation  in  their  several 
districts. 

The  powers  and  duties  of  the  medical  officer  under  the  Public  Health 
(Scotland)  Act,  1867,  axe  neither  numerous  nor  well-defined. 

The  description  of  nuisances  in  the  16th  section  is  more  comprehensive 
than  in  the  English  Acts  ;  but  the  medical  officer  has  no  power  of  entry  to  any 
premises  for  inspection  under  the  17th  section,  unless  the  local  authority  or 
sanitary  inspector  have  reasonable  grounds  for  believing  that  a  nuisance  exists, 
and  demand  admission  for  him  between  9  a.m.  and  6  p.m.  or  at  any  hour 
when  the  operations  suspected  to  cause  the  nuisance  are  in  progress  or  are 
usually  carried  on  ;  and  they  can  apply  for  a  magistrate's  order  for  his  ad- 
mission if  it  is  refused.  Under  the  18th  section  he  may  give  a  written  certificate 
of  a  nuisance  to  a  local  authority,  who  may  take  proceedings  for  its  abatement. 
Under  the  26th  section,  the  sanitary  inspector,  but  not  the  medical  officer,  has 
power  of  entry  to  inspect  any  meat  or  other  specified  articles  of  food,  and 
to  deal  with  any  that  are  unfit  for  human  food.  When  an  Order  for  preven- 
tion of  disease  by  the  Privy  Council  is  in  force  in  any  place  in  his  district  he 
may  give  a  certificate  of  overcrowding  in  any  house  to  the  local  authority,  so 
that  it  may  be  brought  under  the  common  lodging-houses  provisions.  He  is 
not  mentioned  in  sections  40,  42,  43,  50  or  66,  but  being  a  legally  qualified 
practitioner  he  may  give  certificates  to  the  local  authority  for  the  cleansing 
and  disinfecting  of  infected  houses,  &c. ;  for  the  removal  of  persons  sick  of 
infectious  diseases  without  proper  lodging,  or  on  board  any  ship  ;  or  for  a 
magistrate's  order  for  the  removal  of  dead  bodies,  or  for  the  disinfection  to 
bis  satisfaction  of  any  infected  house  ;  or  for  the  removal  to  a  hospital  of  any 
person  ill  with  infectious  disease  in  a  common  lodging-house.  Under  section 
51  he  might  give  notice  for  the  periodical  removal  of  manure  from  mews,  &c. 
He  has  to  receive  notice,  under  the  67th  section,  of  all  cases  of  infectious 
disease  occurring  in  common  lodging-houses,  and  must  forthwith  visit  and 
report  on  them.  Under  section  68  the  keepers  of  common  lodging-houses 
must  give  him  free  access  into  them  at  all  times.  It  wiU  probably  be  part 
of  his  duty  to  assist  the  local  authority  in  the  inspection  of  their  district 
required  by  the  99th  section.  Under  section  102  he  might  appear  for  the 
local  authority  in  legal  proceedings.  Section  118  requires  that  when  he  is 
acting  in  the  hond-fide  execution  of  the  Act  the  local  authority  shall  indem- 
nify him  in  respect  of  all  costs,  liabilities  and  charges  to  which  he  may  be 
subjected. 

Under  the  Privy  Council  Order  of  July  12,  1883,  as  to  cholera,  which 
is  still  in  force,  the  medical  officer  of  health  of  any  district  in  which  there 
is  a  port  or  harbour  may  have  important  duties  to  perform  with  respect  to 
ships  infected,  or  suspected  to  be  infected,  with  cholera  ;  but  as  they  are 
so  nearly  allied  to  those  imposed  by  the  English  Cholera  Eegulations,  which 
have  been  fully  described,  they  need  not  be  given  in  full. 

That  officer  might  have  to  do  with  the  destruction  of  rags  brought  from 
cholera-infected  places,  as  required  by  such  Directions  and  Eegulations  of  the 
Board  of  Supervision  as  they  issued  on  July  15,  1892,  with  regard  to  the 
importation  of  rags  from  France,  ports  on  the  Black  Sea,  &c.  He  might  also 
be  concerned  with  Directions  and  Eegulations  of  the  Board  under  Part  IH.  of 
the  Public  Health  (Scotland)  Act,  1867,  like  those  they  issued  on  July  21, 
1892,  requiring  all  local  authorities  to  remove  nuisances,  cleanse  dwellings, 
check  overcrowding,  attend  to  the  purity  of  water-supplies,  provide  hospital 
accommodation,  &c. 
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There  is  no  power  of  forming  combined  port  sanitary  authorities  in 
Scotland,  so  that  the  sanitary  jurisdiction  over  rivers  maybe  divided  between 
several  local  authorities  working  independently  of  one  another ;  and  even 
Glasgow  is  dependent  upon  the  vigilance  of  an  authority  at  the  entrance  to 
the  Clyde  for  protection  against  shipborne  infection. 

Until  the  passing  of  the  Scotch  Local  Government  Act,  the  Public  Health 
Act  was  to  a  great  extent  a  dead  letter.  There  are  so  many  shortcomings  in 
that  Act  that  it  is  time  there  should  be  a  consolidating  and  amending  Public 
Health  Act  for  Scotland. 

In  places  to  which  the  Burgh  Police  (Scotland)  Act,  1892,  applies  some 
advances  have  been  made  ;  and  there  the  commissioners  are  obliged  to  appoint 
a  medical  officer  of  health  who  must  be  a  qualified  medical  practitioner,  and 
after  May  15,  1894,  must  be  registered  as  a  holder  of  a  diploma  in  sanitary 
science,  public  health,  or  State  medicine  under  section  21  of  the  Medical  Act, 
1886.  He  has  to  ascertain  the  existence  of  disease,  especially  infectious 
disease,  and  point  out  any  likely  local  causes  of  it,  and  the  best  means  of 
checking  infectious  diseases  ;  and  has  to  report  to  the  commissioners  and 
perform  all  other  like  duties  which  may  be  required  of  him,  as  well  as  those 
under  the  Pubhc  Health  Acts.  The  commissioners  have  to  make  bye-laws  to 
regulate  his  duties,  and  he  holds  his  office  during  their  pleasure,  but  cannot 
be  removed  from  it  without  the  sanction  of  the  Board  of  Supervision.  He 
has  several  powers  and  duties  under  the  Act,  and  for  the  purposes  of  it  may 
enter  any  premises  at  all  reasonable  hours  of  the  day,  but  not  without  the 
consent  of  the  occupier  until  after  forty-eight  hours'  notice. 

Ireland 

The  Public  Health  (Ireland)  Act,  1878,  divides  Ireland  into  urban  and 
rural  sanitary  districts.  The  11th  section  constitutes  the  medical  officers  of 
dispensary  districts  medical  officers  of  health,  with  an  additional  salary,  to  be 
approved  by  the  Local  Government  Board  for  Ireland  ;  and  requires  every 
urban  and  rural  sanitary  authority  to  appoint  such  other  sanitary  officers,  in- 
cluding a  medical  superintendent  officer  of  health,  as  the  Board  may  direct, 
with  a  salary  to  be  approved  by  them.  That  Board  must  assign  to  the 
medical  officers  of  health  and  superintendent  officers  their  respective  duties, 
and  functions  in  the  discovery  or  inspection  or  removal  of  nuisances,  in  the 
supply  of  pure  water,  in  the  making  or  repairing  of  sewers  and  drains,  or  in 
generally  aiding  the  administration  of  the  sanitary  laws.  The  Board  have 
the  same  powers  with  regard  to  their  quahfication,  appointment,  duties, 
regulation  of  salary,  and  tenure  of  office  as  they  have  in  the  case  of  the 
medical  officer  of  a  dispensary  district. 

The  Board  have  issued  General  Sanitary  Orders  to  all  rural  sanitary  autho- 
rities, and  the  majority  of  the  urban  sanitary  authorities  in  Ireland,  Nos.  I., 
XL,  and  III.,  dated  August  8,  1879,  in  which  the  duties  of  the  officers  are  set 
forth. 

In  rural  sanitary  districts,  the  relieving  officers  of  unions  and  the  collectors 
of  poor  rates,  or  any  other  person  approved  by  the  Board,  are  eligible  for  tbe 
office  of  sanitary  sub-officer  ;  every  medical  officer  of  a  union,  including  the 
workhouse  medical  officers,  and  any  other  duly  qualified  medical  practitioner, 
subject  to  the  approval  of  the  Board,  are  eligible  for  the  office  of  consulting 
sanitary  officer  or  medical  superintendent  officer  of  health  ;  and  clerks  of 
unions  and  their  assistants  appointed  by  the  guardians,  or  any  other  person 
who  may  be  approved  by  the  Board,  are  eligible  for  the  office  of  executive 
sanitary  officer.  In  urban  sanitary  districts  consulting  sanitary  officers  and 
medical  superintendent  officers  of  health  must  be  duly  qualified  medical  prac- 
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titioners  ;  and  executive  sanitary  officers  must  be  qualified  as  the  sanitary 
authorities  shall,  with  the  consent  of  the  Board,  determine. 

Every  sanitary  authority  must  appoint  an  executive  sanitary  officer,  and 
so  many  sanitary  sub-officers  as  they  shall,  with  the  consent  of  the  Board, 
determine  ;  and  when  directed  by  that  Board  they  must  appoint  a  consulting- 
sanitary  officer  or  a  medical  superintendent  officer  of  health. 

Every  officer  appointed  by  a  sanitary  authority  is  to  continue  to  hold 
office  for  such  period  as  they  may,  with  the  approval  of  the  Board,  deter- 
mine, or  until  he  die,  or  resign,  or  be  removed  by  the  authority,  with  the 
assent  of  the  Board,  or  by  the  Board. 

Every  sanitary  sub-officer  must,  by  inspection  of  his  district,  keep  himself 
informed  in  respect  of  any  nuisances  existing  in  it  that  require  abatement 
under  the  Sanitary  Acts,  and  if  he  receives  notice  of  any  nuisance  in  the 
district  he  must  visit  the  place  and  inquire  into  the  alleged  nuisance  ;  and 
when  he  finds  any  matter  he  thinks  demands  attention  from  the  medical 
officer  of  health  of  the  dispensary  district,  he  must  forthwith  notify  it  to  him 
on  a  prescribed  form  annexed  to  the  orders ;  he  must  submit  to  the  sanitary 
authority  at  each  weekly  meeting  duplicates  of  the  reports  which  he  has 
made  to  the  medical  officer  during  the  preceding  week,  and  must  report  to 
the  authority  any  other  matter  affecting  or  threatening  to  affect  injuriously 
the  public  health  within  his  district. 

Every  medical  officer  of  health  who  has  been  apprised  officially  by  the  sani- 
tary sub-officer  or  otherwise  becomes  cognisant  of  any  matter  demanding  his 
attention  must  visit  the  place,  and  if  he  finds  such  matter  to  involve  danger 
to  public  health  he  must  report  thereon  to  the  sanitary  authority  on  a  pre- 
scribed form,  recommending  a  remedy  to  be  adopted. 

Every  medical  officer  of  health  must  inform  himself  respecting  all  in- 
fluences affecting  or  threatening  to  affect  injuriously  the  public  health  within 
his  district,  and  must  report  thereon  to  the  sanitary  authority  and  recom- 
mend measures  to  be  adopted  for  the  protection  or  improvement  of  the 
public  health. 

Every  consulting  sanitary  officer  who  is  appointed  must  attend  meetings 
of  the  sanitary  authority  whenever  required  to  do  so,  and  must  advise  them 
on  all  matters  and  proceedings  requiring  medical  knowledge  and  advice  in 
the  administration  of  the  sanitary  laws. 

Every  medical  superintendent  officer  of  health  when  appointed  must  dis- 
charge all  the  duties  imposed  by  the  Orders  on  the  consulting  sanitary  officer, 
and  in  addition  to  them  must  perform  the  following  duties  :  he  must  report 
monthly  to  the  sanitary  authority  on  the  general  sanitary  condition  of  the 
district,  and  on  the  discharge  of  their  duties  by  the  medical  officers  of  health 
and  sanitary  sub-officers  of  the  district. 

Every  medical  officer  of  health  and  sanitary  sub-officer  must  attend 
meetings  of  the  sanitary  authority  whenever  required  to  do  so,  and  must 
assist  in  all  proceedings  in  which  his  assistance  may  be  required. 

Every  medical  officer  of  health,  and  every  other  officer  appointed  under 
the  Orders,  must,  in  matters  not  specifically  provided  for  in  them,  observe  and 
execute  the  instructions  of  the  Local  Government  Board  for  Ireland  and 
all  the  lawful  orders  and  directions  of  the  sanitary  authority  applicable  to  his 
office. 

The  medical  officers  of  health,  and  the  consulting  sanitary  officer  or  medical 
superintendent  officer  of  health,  if  such  an  officer  be  appointed  to  a  sanitary 
district,  must  furnish  to  the  Local  Government  Board  such  statistical 
returns  of  sickness  and  disease  as  shall  from  time  to  time  be  required  from 
them  respectively. 
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Every  executive  sanitary  officer  must  attend  the  meetings  of  the  sanitary 
authority  ;  take  their  directions  on  the  sanitary  business  of  the  district,  on 
the  reports  of  the  sanitary  officers,  and  all  proceedings  arising  thereon  ;  give 
instructions  for  the  prompt  and  correct  execution  of  all  such  orders  and 
directions,  and  report  on  such  execution,  or  on  any  neglect  or  failure  therein 
which  may  come  to  his  knowledge ;  and  must  record  the  proceedings  of  the 
sanitary  authority,  and  transmit  a  copy  of  such  record  to  the  Local  Govern- 
ment Board. 

The  proceedings  of  medical  officers  in  Ireland  are  ruled  chiefly  by  the 
Public  Health  (Ireland)  Act,  1878,  which  is  so  very  similar  to  the  English  Act 
of  1875  that  it  would  be  mere  repetition  to  enumerate  all  its  provisions  con- 
cerning them,  and  it  must  be  referred  to  for  detailed  information.  Section 
258  enacts  that  every  officer  of  a  sanitary  authority  must  attend  and  assist  in 
any  prosecution  instituted  by  the  authority  ;  but  in  the  case  of  a  medical 
officer  he  is  entitled  to  remuneration  from  the  authority  at  a  rate  approved 
by  the  Local  Government  Board,  unless  it  has  been  agreed  that  this  duty  is 
to  be  included  in  his  salary,  or  that  his  whole  time  is  to  be  occupied  in  the 
discharge  of  the  duties  of  his  office.  Section  266  does  not  empower  him  to 
sign  notices  under  the  Act. 

Medical  officers  of  urban  and  rural  sanitary  districts  on  the  coast  of  Ire- 
land may  have  to  take  action  under  the  Cholera  Eegulations  of  the  Local 
Government  Board,  dated  December  6, 1890,  which  are  similar  to  the  English 
Cholera  Eegulations.  Article  19  stipulates  that  every  medical  officer  of  health 
employed  by  a  sanitary  authority  under  this  Order  shall  be  paid  by  them 
such  remuneration  for  his  services  as  the  Board  may  direct  or  approve. 
Those  officers  may  also  have  duties  to  perform  under  Orders  of  the  Board 
prescribing  Eegulations  with  reference  to  ships  having  on  board  rags  from 
cholera-infected  places. 

In  rural  districts  the  medical  officer  of  health  may  be  concerned  with 
inspecting  and  reporting  on  the  sanitary  condition  of  cottages  for  the  pur- 
poses of  the  Labourers  (Ireland)  Acts,  so  long  as  they  are  continued  in  force. 
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Abbott,  Dr.,  on  modification  of  small-pox 

by  vaccination,  445 
Actinomyces,  in  section  throughi  tongue  of 

ox,  plate  xvii.  figs.  115-17  ;   plate   xxv. 

figs.  150-51 

—  mycelium  of,  culture,  plate  xvii.  fig.  118 
Actinomycosis,  club-shaped  bodies  of,  227 

—  cultivation  of  fungus  of,  228 

—  habitat  of  fungus  of,  227 

—  pathology  of,  225 

—  tumours  and  abscesses  in,  227 

Acute  exanthemata,  diseases  classified  as, 

133 
Age,  as  affecting  fatality  of  small-pox,  397 

prevalence  of  small-pox,  396 

Age  and  sex,  as  affecting  mortality,  500 
influencing  liability   to   infec- 
tious disease,  255 
Age-incidence  of  smaU-pox  and  vaccination, 

435 
Air,  examination  of  bacteria  in,  63 

—  as  affecting  growth  of  bacilli,  19 

—  of  Oxford  Street,   plate  cultivation  of, 
plate  xxvi.  fig.  2 

Wandsworth  Common,  plate  cultiva- 
tion of,  plate  xxvi,  fig.  1 
AiTKEN,  Sir  W.,  on  physique  of  recruits, 

602 
Albuminous  materials  and  multiplication  of 

bacilli,  17 
♦  Alexines '     (germicidal     substances),     in 

blood-plasma,  53 
Alkali  Acts,  duties  of   Medical   Officer  of 

Health  with  regard  to,  778 
Ambulances  for  conveyance   of   infectious 

cases,  796 
America,  cremation  in,  717 
Amoeba  coli  in  cases  of  dysentery,  186 
mucus  of  intestine,  plate  xli.  fig. 

96 
Aniline  dyes,  effects  of,  on  bacteria,  12 

manufacture  of,  29 

Animal  tissues,  relation  of  bacteria  to,  46 
Animals,  quantity   of  water  requisite  for, 

628 
Anthrax,  attenuation  of  bacilli  of,  68,  120 

—  bacilli  of,  110 

in  soil,  112 

method  of  staining,  31 

—  bacillus,  plate  cultivation  of,  plate  xxxi. 
fig.  47 
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Anthrax  bacillus,  stab-culture  of,  in  gelatine, 
plate  xxviii.  fig.  22  ;  plate  xxxvi.  figs.  78, 
79 ;  plate  xxxvii.  fig.  80.  {See  also ' Bacilli ') 

—  changes  in  bacilli  of,  in  cultivation,  118 

—  cultivation  of  bacilli  of,  115 

—  degeneration  of  bacilli  of,  117 

—  difficulties  in  protective  inoculation 
against,  121 

—  infection  with,  by  cutaneous  inoculation, 
112 

through    alimentary    canal   and 

lungs,  113 
flies,  112 

—  inoculation  with  blood  of  cattle  dead  of, 
114 

—  method  of  distinguishing  from  malignant 
cedema,  etc.,  119 

—  mode  of  infection  of  animals  by,  111 

—  protection  against,  by  injection  of  alex- 
ines, 57 

—  results  of  protective  inoculation  against, 
122 

—  spores  of  bacilli  of,  23,  117 

—  symptoms  and  appearances  of,  110 

—  transmitted  by  the  mother  to  the  foetus, 
76 

Anti-compulsion,  feeling  of,  in  connection 

with  vaccination,  455 
Anti-vaccination,  allegations  in  support  of, 

455 
Arabia,  spread  of  small-pox  from,  386 
Akloing,  Dr.,  on  bacilli  of  charbon  sympto- 

matique,  109 
Army,  results  of  re-vaccination  in,  440 

—  statistics,  642 

Aening,  Dr.,  on  inoculation  with  leprosy, 

225 
Arthro-spores,  question  as  to  formation  of, 

26 
Ashanti  expedition,  malarial  fevers  during, 

659 

rations  issued  during,  622 

Aspergillus,   species   of,   in  animal    body, 

238 

—  glaucus,  plate  xl.  figs.  104,  105 

—  spores,  section  through  kidney  of  rabbit, 
after  injection  of,  into  jugular  vein,  plate 
xl.  fig.  106 

Assyrians,  burial  customs  among,  683 
Atmospheric  changes  as  influencing  morta- 
lity, 504 
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Bacilli,  aerobic,  of  malignant  cedema,  plate 
vi.  figs.  41,  42 

section  of  tissue  of  guinea- 
pig  after  inoculation  -with,  plate  vii.  fig. 
43 

stab-culture  of,  in  gelatine, 

plate  xxviii.  fig.  23 

—  air  as  affecting  gro'w'tli  of,  19 

—  albuminous  material  influencing  multi- 
plication of,  17 

■ —  alterations  in  forms  of,  with  growth,  10 

—  anthracis,  colony  of,  on  gelatine,  plate  x. 
figs.  66,  67 

• from  blood  of  frog,  plate  x.  fig.  68 

human  maUgnant   pustule,  plate 

X.  figs.  64,  6-5 

gelatine  culture  of,  plate  iii.  fig.  15 

in  blood  of  guineapig,  plate  ix.  fig.  59 

kidney  of  rabbit,  plate  ix.  fig.  62 ; 

plate  XX.  fig.  131 

liver  of  guineapig,  plate  ix.  fig.  63 

spleen  of  guineapig,  plate  ix.  fig. 

61 

subcutaneous     tissue    of    rabbit, 

plate  ix.  fig.  60 

potato  culture  of,  plate  xviii.  fig.  120 

spindle-shaped  elements  with  vacu- 
oles shown,  plate  iii.  figs.  16,  17 

threads   of,   from    gelatine    culture, 

plate  X.  fig,  70 

—  ■ —  with  spores,  plate  x.  fig.  69 

—  attenuation  of  powers  of,  67 

—  Brownian  molecular  movements  of,  14 

—  chain  formation  by,  11 

—  ciha  or  flagella  of,  15 

—  comma,  175 

—  conditions  and  mode  of  multiplication 
of,  16 

—  development  of,  from  spores,  27 

—  differentiation  of  species  of,  28 

—  distinguishable  from  cocci,  11 

—  effects  of  aniline  dyes  upon,  12 

—  formation  of  pellicle  by,  16 

—  forms  of,  resembling  cocci,  10 

—  from  beef-pie  that  had  caused  diarrhoea, 
plate  XV.  fig.  99 

larynx,  in  case  of  diphtheritic  croup, 

plate  xxii.  figs.  132,  135 

—  importance  of  presence  or  absence  of 
spores  of,  24 

—  in  croupous  pneumonia,  plate  v.  figs.  32, 
35 

liver  of  Ehea,  plate   xxiv.  figs.  148, 

149 

Malpighian  corpuscle  in  case  of  meat- 
poisoning,  plate  XXV.  fig.  152 

—  method  of  staining  spores  of,  31 
— •  modes  of  division  of,  21 

—  moisture  as  aff'ecting  growth  of,  18 

—  motility  of,  14 

—  multiplication  of,  16 

—  of  acute  mouse  septicaemia  in  liver  of 
mouse,  plate  xxi.  fig.  127 

lung  of  mouse,  plate  sx. 

fig.  128  ;  plate  xxi.  fig.  129 

anthrax,  110 

— spore-formation  by,  23 

staining  of,  31 

catarrhal  ophthalmia,  plate  xiv.  figs. 

97,  98  ;  plate  xviii.  fig.  123 
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Baeilh  of  cliarhon  synvpfomatig^ue,  108 
in    blood   of    guineapig,   plate 

xi.  fig.  71 
cholera,  cultures,  plate  xiii.  figs.  87, 

89-91 ;  plate  xiv.  fig.  92 
in  mucus -flakes,  plate  xiii.  fig.  88. 

{See  also  '  Cholera '  and  '  Cormna  ') 
— chronic  necrotic  deposit  in  membrane- 

of  fauces  of  fowl,  plate  xxxviii.  fig.  88 
diphtheria,    155  ;    plate  xi.  figs.  72- 

76 
from  corneal  ulcer  of  inoculated 

cat,  plate  xii.  fig.  78 
milk  of  infected  cow,  plate  xii. 

fig-  79 
— —  mucous  membrane  of  pharynx 

of  child,  plate  xix.  fig.  133 
necrotic  tumour  of  inoculated 

cow,   plate   xi.   fig.    77;    plate    xii.   fig.. 

82 
udder   of    cow    inoculated   on 

shoulder,  plate  xxi.  fig.  130 
in  kidney  of   cat,  plate  xix.  figs. 

137,  138 
membrane  of  tonsil   of  child, 

plate  xxii.  fig.  134 
fowl-cholera,    103 ;    plate   viii.   figs. 

53-55 

rapidity  of  growth  of,  21 

fowl-enteritis,    105  ;    plate   viii.   figs. 

50-52 
glanders,  plate   xiv.  figs.   100,   101  ; 

plate  xxii.  fig.  139  ;  plate  xxiii.  fig.  140 

grouse-disease,  105 

—  among  blood-coi-puscles,  plate  vii. 

fig.  47 
from  infected  mouse,  plate  ii. 

fig.  8.     {See  also  '  Grouse-disease  ') 

human  septicsmia,  101 

influenza,  130 

leprosy,   plate  xvii.   figs.   113,   114 ; 

plate  xxiv.  figs.  145-47 

malignant  cedema,  99 

oedema    fluid,   spore    formation    in, 

culture  in  agar,  plate  vii.  fig.  46.     {See 

also  '  Malignant  CEdema  ') 

pneumonia  (Fkiedlandeb),  124 

poisonous  foods,  73 

pseudo-diphtheria,  culture,  plate  xii. 

fig.  80 

rag-sorters'  disease,  101 

septicemia  in  mice,  100 

rabbits,  97 

swine  erysipelas  and  fever,  106 

in  blood  of   pigeon,   plate   ix. 

fig- 57 
liver  of  pigeon,  plate  ix.  fig. 

58 
kidney  of  pigeon,  plate  xxi. 

fig.  130 
fever,  in  spleen  of  mouse,  plate 

viii.  fig.  56 

tetanus,  plate  xv.  fig.  102 

cultivation    of,    in     grape    sugar 

gelatine,  plate  xxix.  fig.  37 

tubercle,  217 

cultivation  of,  219 

ectogenic  character  of,  222 

forms  of,  218 

method  of  staining,  31,  218 
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Bacilli  of   tubercle,  plate  xv.  figs.  103-5 

plate  XV.  figs.  106,  107 
in  liver  of   rabbit,  plate  xvi.  fig 

110 
lung   of   cow,   plate   xvi.   figs 

108,  112  ;  plate  xxiv.  fig.  144 
of  rabbit,  plate  xvi.  fig.  109 

plate  xxiii.  fig.  141 
spleen  of  fowl,  plate  xvi.  fig 

111 ;  plate  xxiii.  figs.  142,  143 

• prolonged  vitality  of,  222 

■ —  question  as  to  spores  of,  26 

spores  of,  221 

surface  cultivation  of,  on  glycerine 

agar,  plate  xxxv.  figs.  68,  69 
typhoid,  cultivated  on  glycerine,  plate 

xiii.  fig.  85 
Ebeeth-Gapfky,    colonies  of,    on 

gelatine,  plate  xxxiii.  fig.  59 
gelatine   cultivation    of,    showing 

flagella,  plate  iii.  fig.  20 
streak-culture     of,     plate     xxvii. 

fig.  9 

—  oxygen  necessary  for  motihty  of,  16 

—  proteid  medium  for  growth  of,  17 

—  protoplasm  of,  5,  17 

—  putrefactive,  spores  of,  23 

—  rapidity  of  growth  of,  19 

—  salts  necessary  for  growth  of,  17 

—  shape  of,  7,  10 

—  signs  of  spore-formation  by,  24 

—  species  of,  in  mouth  and  pharynx,  46 

—  spores  of,  22 

—  staining  of,  with  aniline  dyes,  12,  29 

—  '  swarming  '  of,  15 

—  temperature  as  affecting  growth  of,  18 

—  vacuoles  in,  12 

—  variations  in  modes  of  division  of,  21 

—  with  blood,  in  case  of  influenza,  plate 
xiv.  fig.  95 

Bacillus,  capsulated,  of  Fkiedlandee,  in 
pneumonic  sputum,  plate  vi.  fig.  37 

—  filamentosus,  culture,  plate  iii.  fig.  19 
from  gelatine  culture  of  sewage,  plate 

ii.  fig.  14 
with  spores,  plate  xviii.  fig.  119 

—  fluorescens  Uquescens,  stab-culture  of, 
in  gelatine,  plate  xxvii.  fig.  20 ;  plate 
xxxvi.  fig.  74 

—  mesentericus,  plate-culture  on  gelatine, 
plate  ii.  fig.  IB 

—  minute,  from  dust  of  room,  plate  iii.  fig. 
18 

—  of  pneumonia,  in  blood  of  mouse,  plate 
vi.  fig.  36 

—  oval,  from  veal-pie  which  had  caused 
choleraic  diarrhcea,  plate  i.  fig.  7 

—  prodigiosus,  culture  of,  on  potato,  plate 
xxxviii.  fig.  89 

streak-culture  of,  on  agar,  plate  xxxiv. 

fig.  67 

—  proteus-hke,  from  pork-pie  which  had 
caused  choleraic  diarrhcea,  plate  ii.  fig.  9 

—  pyocyaneus,  89 

culture,  j)late  iv.  fig.  28 

■ fcetidus,  89 

stab-culture   of,    in    gelatine,    plate 

xxxv.  fig.  73 
streak-cultui'e  of,  on  agar,  plate  xxxiv. 

fig.  64 
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Bacteria,   acidity  of  medium   as   affecting 
growth  of,  45 

—  action  of  blood-plasma  upon,  49 

—  action  of,  increased  by  growth  of  other 
species,  60 

on  leucocytes,  54 

—  affinity   of  protoplasm   of,    for   aniline 
dyes,  6 

—  animal  tissues  as  a  soil  for,  46 

—  antagonism  amongst,  58 

—  attenuation  of  power  of,  68 

—  attraction  for,  of  cells  and  tissues,  55 

—  biological  characters  of,  41 

—  causes  of  attenuation  of  function  of,  70 

—  characters  of,  5 

—  chemical  function  of,  64 

products  of,  as  causing  disease,  71 

—  chemiotactic  action  of,  54 
substances  upon,  54 

—  classification  of,  8,  42 

—  cultivation  of,  in  artificial  media,  35 

in  blood-serum,  40 

in  nutrient  agar,  40 

• —  on  potato,  40 

—  destruction  of,  by  chemical  substances,  81 

—  different  forms  of,  59 

drying,  81 

heat,  80 

normal  lymph  and  blood,  49,  51 

white  corpuscles,  50 

—  differences  between,  in  plate-cultivation, 
39 

—  ectogenie  and  endogenic,  75 

—  effects  of  boihng  water  upon  spores  of, 
23 

— gastric  juice  upon,  77 

inhibited  by  blood  plasma,  53 

—  examination  of,  in  fresh  state,  28 
suspended  drop,  28 

—  fermentative  action  of,  65 

—  formation  of  spores  or  seeds  by,  22 

—  general  morphology  of,  5 

—  growth    of,    checked    by   carbolic   acid 
and  mercury  perchloride,  79 

—  heat  as  influencing  growth  and  life  of, 
43 

restraining  growth  of,  79 

—  '  impression  '  preparations  of,  40 

—  in  air,  examination  of,  63 
pus,  species  of,  90 

sections  of  tissue,  methods  of  staining, 

32 
soil  and  water,  examination  of,  62 

—  incubation  period  after  invasion  of,  74 

—  infective  processes  caused  by,  74 

—  influences  restraining  growth  and  multi- 
phcation  of,  79 

—  insusceptibility  to  action  of,  50 

—  light  as  influencing  growth  and  life  of, 
43,  79 

—  liquefaction  of  gelatine  by,  36 

—  loss  of  pathogenic  power  of,  67 

—  manner  of  infection  by,  74 

—  modification   of    effects    of,   in   various 
tissues,  71 

—  moisture  as  restraining  growth  of,  79 

—  multiplication    and    movements  of,    in 
body  after  death,  48 

—  mutual  antagonism   of  various   species 
of,  59 
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Bacteria,  nitrifying  power  of,  15 

—  non-specific,  resistance  of  normal  tissue 
to,  49 

—  number   of,   as   influencing   severity  of 
disease,  74 

—  of  suppuration,  84 

—  passage  of,  through  maternal  circulation, 
77 

through  mucous  membranes,  76 

— walls  of  intestine  and  bronchia, 

77 

—  pathogenic  action  of,  66 

—  —  groups  of,  66 

—  phosphorescent,  44 

—  pigment-forming  species  of,  44,  65 

—  plate-cultivation  of,  37 

—  presence  of,  in  epidermis,  47 

— mucous  membranes,  47 

ulcers,  48 

—  production  of  poisons  by,  65 
— ptomaines  by,  72 

—  protoplasm  of,  5 

—  putrid  decomposition  of  albumen  by,  66 

—  reaction  of  media  suitable  for  growth  of, 

44  — _: 

—  relation  of  animal  tissues  to,  46 
to  purulent  processes,  90 

—  roll-plate  cultivation  of,  39 

—  saprophytic,  invasion  of  diseased  tissue 
by,  48 

—  secondary  access  of,   to  diseased  parts, 
48 

—  shape  of,  8 

—  size  of,  7 

—  soil  as  restraining  growth  of,  79 

—  species  of,  found  in  mouth  and  pharynx, 
46 

nose  and  lungs,  47 

—  specific  or  pathogenic,  83 

—  spores  of,  vrith   reference  to  infectious 
diseases,  23 

—  stab-culture  of,  36 

—  staining  of,  29 

by  Gram's  method,  33 

Warsowa  method,  32 

Weigekt's  dyes,  30 

—  streak-culture  of,  37 

—  study  of  biological  characters  of,  34 

—  susceptibility  to,  increased   by  fatigue, 
61 

—  tube-plate  cultivation  of,  38 

—  variations   in  power   of,  over   different 
animals,  67 

—  —  —   size    of,   due    to    character    of 
medium,  8 

due  to  phases  of  growth,  7 

—  virulence    of,    modified    by  growth    of 
other  species,  59 
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small-pox  virus,  423 
Bake-houses,    inspection    of,    by    Medical 
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Ballard,  Dr.,  on  choleraic  diarrhoea  due  to 
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epidemic  diarrhoea,  339 
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■ —  inspection   of   ships  from  foreign 

ports,  584 
Blood,  caution   as   to   transference   of,  in 

vaccination,  428 
Blood-plasma,  germicidal  substances  in,  53 
Blood-serum,  cultivation  of  bacteria  in,  40 
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Burial  grounds,  duties  of  Medical  Officers  of 
Health  with  regard  to,  809 

sufficiency  of  space  in,  729 

suitable  soil  and  position  for,  728 

—  in  earth,  defence  of,  720 

—  intramural,  dangers  of,  724 
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Canal  boats,  accommodation  in,  548 
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—  period  of  incubation  of,  462 
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elevation  as  affecting  frequency  of, 

649 

facts  connected  with  etiology  of,  173 

growth  of  organism  of,  in  soil,  335 
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Conjunctivitis,  catarrhal,  microbes  of,  133 
Contagia,  fixed  and  miasmatic,  76 
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—  in  England,  Lowe's  returns  of,  476 
Dental  caries,  microbes  occurring  in,  92 
Desiccation  of  dead  bodies,  711 
Diarrhcta,  choleraic,  due  to  toxic  effects  of 

food,  189 

microbes  connected  with,  and  morbid 

appearances  in,  189 

—  infantile,  bacteria  connected  with,  188 

—  - —  causation  and  pathology  of,  187 

—  kinship  of,  to  cholera,  337 

■ —  mucus-flakes  and  comma  bacilli  of  ape 

dead  from,  plate  xiv.  fig.  93 
DiMSDALE,  Baron,  inoculation  as  practised 

by, 411 
Diphtheria,  average    death-rates  of,  plate 

xliii. 

—  bacilli  of,  plate  xi.  figs.  71-76 

— colonies  of,  on  agar,  plate  xxxiii. 

fig.  55 
gelatine,  plate  xxxii.  figs. 

52,53 
surface    of    agar,    plate 

xxxii.  fig.  56 
■ gelatine,  plate 

xxviii.  fig.  29 
from  corneal  ulcer  of  inoculated 

cat,  plate  xii.  fig.  78 
milk   of    infected   cow,    plate 

xii.  fig.  79 
necrotic  tumour  of  inoculated 

cow,  plate  xi.  figs.  77,  82 
in  kidney  of  cat,  plate  xix.  figs. 

137,  138 
section  of  larynx  of  cat,  plate 

xii.  fig.  84 

—  • — ■  — ■ child,    plate    xxii. 

figs.  132,  135 

lung    of    cat,   plate   xii. 

fig.  83 
through  membrane  of  tonsil 

of  child,  plate  xxii.  fig.  134 
mucous     membrane     of 

pharynx  of  child,  plate  xix.  fig.  133 
udder  of   cow,   plate   xxi.  fig. 

130 
stab-culture  of,  in  gelatine,  plate 

xxix.  figs.  33,  34 
streak-cultures    of,   plate    xxviii. 

fig.  27  ;  plate  xxxiv.  fig.  66 
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Diphtheria,  bacilli  of,  tube-plate  cultivation 
of,  plate  xxviii.  fig.  28 

—  bacillus  of,  155 

—  cause  of,  299 

—  chemical  poisoning  in,  157 

—  climate  and  season  as  affecting  preva- 
lence of,  297 

—  communication  of,  from  cats  to  human 
beings,  159 

from  cows  through  milk,  162,  302 

—  contagious  nature  of,  161 

—  cultivation  of  bacillus  of,  156 

—  distribution  of,  compared  with  that  of 
scarlet  fever,  296 

—  epidemics  of,  due  to  milk  contamina- 
tion, 161, 301 

--  fatahty  of,  297 

—  history  of,  293 

—  human,  distinguishable  from  similar 
disease  in  pigeons,  164 

— ■  in  animals,  evidence  as  to,  158,  302 

—  increased  frequency  of,  295,  296 

—  influence  of  race,  sex,  and  age  on  liabihty 
to,  298 

—  inoculation  of  cows  with  bacillus  of,  161 
with  cultures  of  bacillus  of,  156 

—  minor  throat  illnesses  with  epidemics  of, 
300 

—  modes  of  dissemination  of,  301 

—  mortality  of,  297 

—  not  necessarily  connected  with  defective 
drainage,  303 

—  passage  of  virus  of,  through  cow  to  milk, 
163 

—  periodicity  of,  296 

—  periods  of  incubation  and  infectiveness 
of,  304 

—  prevalence  of,  in  England,  295 

—  protection  from,  304 

—  relation  of,  to  other  diseases,  303 

—  school  attendance  and  spread  of,  300 

—  species  of  bacilli  found  in,  155 

—  symptoms  and  appearances  of,  154 
of,  in  cats,  158 

Diplococci,  forms  of,  8 

Di])lococcus  pneu7nonicB,  126 

in  various   acute  infective   diseases, 

129 
Diseases   among    soldiers,  prevention    of, 

647 

—  connection  between,  and  atmospheric 
changes,  504 

—  nomenclatmre  and  classification  of,  475 

—  on  shipboard,  prevention  of,  583 
Disinfection,  78 

—  chemical,  81 

—  of  cholera  dejecta,  &c.,  651 

—  of  houses,  to  check  infectious  diseases, 
782 

—  of  typhoid  dejecta,  &c.,  655 
Dissemination  of  small -pox,  400 
Dolmens,  burial  in,  677 

Drainage  arrangements  in  houses,  exami- 
nation of,  by  Medical  Officer  of  Health, 
775 

Duck  cholera,  bacilli  of,  104 

Dunning,  Mr.,  on  effects  of  a  second  inocu- 
lation, 415 

Dust  in  factories,  &c.,  as  a  cause  of 
phthisis,  364 
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Dust  of  room,  minute  bacilli  from,  plate  iii, 

fig.  18 
Dysentery,  amceba  coli  in,  186 

—  appearances  in,  186 

—  bacteria  connected  with,  187 

—  and  diarrhoea  among  troops,  663 

causes  of,  664 

changes  of   temperature  a& 

producing,  665 
protective  measures  against, 

664 
relation  of,  to  malaria,  664 


Eaeth-to-eaeth  system  of  burial,  dangers 

of,  710 
Ebeeth-Gaffkt,  bacillus  of  typhoid,  168 
Ectogenic  and  endogenic  bacteria,  75 
Edinburgh   disease  (among  cows),  streak- 
culture  of  streptococcus  of,  plate  xxvii, 
fig.  12 

—  eruptive  disease  among  cows  at,  153 
Edwaedes,  Dr.,  on  deaths  from  chicken-pox, 

463 

Egyptians,  burial  customs  among  early, 
681 

Embalming,  art  of,  in  Egypt,  682 

Endospores,  fonnation  of,  25 

England  and  Wales,  measles  mortality  in, 
260 

practice  of  inoculation  in,  410 

small-pox,  death-rate  per  million 

in,  393 

in,  during  Middle  Ages,  388 

Enghsh  cholera  (see  'Epidemic  Diarrhoea'), 
339 

Epidemic  diarrhoea,  age  and  sex  as  affecting 
incidence  of,  342 

cause  and  dissemination  of,  343 

conditions  of  locality  favouring  fre- 
quency of,  344 

spread  of,  relating  to  popula- 
tion, 345 

general  conditions  favouring  fre- 
quency of,  343 

leading  phenomena  of,  340 

mortality  from,  341 

nature  of,  338 

period  of  incubation  of,  346 

relation  of,  to  other  diseases,  346 

season   as   affecting  mortaUty  from, 

343 

—  roseola  (see  '  Eotheln  '),  263 
Epidemics    of    small-pox,    periodicity    of, 

395 
Epidermis,  bacteria  present  in,  47 
Ebichsen,  Mr.,  on  hospital  erysipelas,  353 
Erysipelas,  cause  and  mode  of  dissemina- 
tion of,  352 

—  history  and  geographical  distribution  of, 
350 

—  micrococci  of,  93 

—  mortality  from,  351 

—  period  of  incubation  of,  357 

—  produced  by  vaccine  lymph,  144 

—  race,  sex,  and  age  as  influencing  liability 
to,  352 

—  relation  of,  to  other  diseases,  354 
puerperal  fever,  355 

—  resulting  from  vaccination,  460 
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Erysipelas,  scarlatina,  and  other  diseases, 
death-rates  from,  with  rain  at  Greenwich, 
plate  xliv. 

—  season  as  influencing  spread  of,  351 

—  spread  of,  in  hospitals,  353 

EsTLiN,  Mr.,  on  cow-pox  as  a  source  of 
vaccine  lymph,  421 

Europe,  small-pox  in,  during  Middle  Ages, 
886 

Evolution,  doctrine  of,  and  theory  of  spon- 
taneous generation,  245 

Exhumation,  rarely  necessary  for  legal 
purposes,  713 


Factoeies  and  workshops,  inspection  of,  by 

Medical  Officers  of  Health,  755 
Fallacies  in  statistics,  sources  of,  485 
Faroe  Islands,  outbreak  of  measles  in,  263 
Fake,  Dr.,  on  causes  of  high  mortahty  in 
towns,  504 

—  —  on   fallacies  in   Malthusian  theory, 
472 

on  inaccurate  statistics,  469 

Fatality   of   small-pox   in   new    countries, 

397 
Fehleisen  on  micrococci  of  erysipelas,  93 
Fever,  intermittent,  appearances  in,  190 
etiology  of,  191 

—  ■ —  Plasmodium   nialarice  as  causes  of, 
191 

Fever  hospitals  (other  than  small-pox),  ab- 
sence of  risk    to    neighbourhood    from, 
793 
Filters,  forms  and  use  of,  629 
Finkleb's  comma  bacillus,  nature  of,  184 
FiscHEK    on    inoculation    of    calves    with 

small-pox  matter,  143 
Fishermen,  diseases  prevalent  among,  580 
Flacherie  (disease   of   silk-worms),  nature 

and  microbes  of,  122 
Floating  hospitals  for  Port  districts,  588 
Flugge  on  leucocytes  as  destroyers  of  bac- 
teria, 51 
EoA  on  microbe  of   croupous   pneumonia, 

129 
Food  of  the  soldier,  619 

in  India,  621 

on  active  service,  622 

—  sailors',   quality   and    examination    of, 
661 

Foods,   choleraic   diarrhoea   as   caused  by, 

189 
Foot-and-mouth   disease,  section   through 

eruption  of,  plate  v.  fig.  31 

streptococci  of,  136 

streptococcus  of,  plate  iv.  fig.  27 

symptoms  and  appearances  of,  134 

—  —  transmission  of,  from  cows  to   men 
by  milk,  135 

Foreign  armies,  dress  and   accoutrements 

of,  637 

food  of,  624 

Foulbrood  (disease  of  bees),  122 

Fowl   cholera,    bacilli   of,   103 ;    plate  viii. 

figs.  53,  55 
— ■ streak-culture  of,  on  surface  of 

slanting  gelatine,  j)late  xxvii.  fig.  7 
— ■  enteritis,    bacilli    of,    104 ;    plate    viii. 

figs.  50-52 
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Fowl  enteritis,  bacilli  of,  colonies  on  gela- 
tine, plate  xxxii.  fig.  48 ;  plate  xxxiii. 
fig.  58 

— r streak-culture    on    surface    of 

slanting  gelatine,  plate  xxvii.  fig.  8 

Fox,  Wilson,  on  specific  virus  of  tubercle^ 
217 

Feaexkel  and  Sihmonds  on  production  of 
typhoid  in  rabbits,  184 

France,  graveyards  and  cremation  in,  718 

Feankland,  Dr.  P.,  examination  of  bacteria 
in  air,  63 

Feankleb  and  Weichselbaum,  on  diplococ- 
cus  of  pneumonia,  126 

French  Navy,  regulation  kit  for,  573 

Feiedlandee's  bacillus  of  pneumonia,  124 

Fnlham  Small-pox  Hospital,  effects  of,  on. 
neighbourhood,  789,  794 


Gaeekt  on  bacillus  of  typhoid,  168 
Gamaleia  on  vibrio  identical  with  comma 

bacillus,  185 
Garden-earth,   cedema    fluid   of   guineapig 

dead  after  inoculation  with,  plate  vi.  fig. 

40 

—  tissue-juice  of  guineapig  after  infection 
with,  plate  vii.  fig.  45 

Gastric  juice,  action  of,  on  microbes,  78 
Gayton,  Dr.,  on  influence  of  multiple  marks. 

of  vaccination,  447 
Gelatine,  cultivation  of  bacteria  in,  35 

—  liquefaction  of,  by  bacteria,  36 

—  staining  of,  by  aniline  dyes,  37 
General  Medical  Council  and  diplomas  in 

State  medicine,  737 
German  measles  (see'Eotheln'),  263 
Germany,  cremation  in,  717 

—  vaccination  laws  in,  404 
GiLBEET  Anglicus  on  small-pox,  388 
Glanders  and  farcy,  appearances  in,  203 
bacilli  of,  204 

communicability  of,  to  animals  and 

man,  204 

— cultures  of  bacilli  of,  204 

hterature  on  subject  of  bacilli  of,. 

205 

method  of  staining  bacilli  of,  33 

symptoms  of,  in  man,  204 

—  bacilli  of,  plate  xiv.  figs.  100,  101 ;  plate 
xxii.  fig.  139  ;  plate  xxiii.  fig.  140 

■ colonies  of,   on  agar,  plate  xxxi. 

fig.  50  ;  plate  xxxiii.  fig.  54 
culture  of,  on  potato,  plate  xxxviii. 

fig.  90  ;  plate  xxxix.  fig.  91 
stab  culture  of,  in  broth  gelatine,. 

plate  xxxvi.  figs.  75,  76 
GoLGi  on  plasynodiitm  malaricB,  191 
Gonococci   in   gonorrhoeal   pus,  plate  xiv. 

fig.  96  ;  plate  xviii.  figs.  121,  122 
GonorrhcEa,  gonococcus  of,  132 
GooDHAET,  Dr.,    on   diagnosis    of    German 

measles,  265 
Geam's  method  of  staining  sections,  33 
Graves,  plot-system  of,  725 

—  public,  improved  construction  of,  726 

—  suggestions  for  improvement  of,  726 
Graveyards,    accumulation    of    bodies    in,, 

698 
—  as  sources  of  disease,  700 
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Graveyards,  germs  of  disease  retained  in,  702 

—  in  Liverpool,  removal  of  bodies  from,  for 
re-interment,  721 

—  in  London, 693 

—  noxious  emanations  emitted  by,  701 

—  offensiveness  of,  697 

—  pollution  of  vrater  by,  701 

—  scarlet   fever    epidemic   after   breaking 
up, 702 

Great-pox,  distinguished    from   small-pox, 

390 
Greece,  ancient,  burial  customs  in,  687 
Greece  and  Eome,  small-pox  in,  385 
Gkeen's  method  of  ventilating  ships,  540 
Gkeenhow,  Dr.,  on   distribution   of   death 

and  disease,  498 
Geegort  op  Toues  on  small-pox  in  sixth 

century,  386 
Gbesswell,  Dr.,  on  mortality  from  scarlet- 
fever,  271 
Grouse  disease,  bacilli  of,  105 
among  blood  corpuscles,  plate 

vii.  fig.  47 
colonies     on     gelatine,     plate 

xxxiii.  fig.  60 
from  infected  mouse,  plate  ii. 

fig.  8 
in  blood  of  ammer,  plate  vii. 

fig.  48 
streak-culture,  plate  xxvii.  fig. 

11 
blood    of    guineapig    infected   -with 

bacilli  of,  plate  vii.  fig.  49 
Guineapigs,  experiments  upon,  with  cholera 

bacilh,  182 
Gulf  Stream,  temperature  of  air  in,  518 
Gut,  Dr.,  on  averages  in  statistics,  487 
Gymnastic  training  of  soldiers,  638 


Hatjsek's  proteus  in  putrid  meat,  101 
Heat,  as  influencing  gro'^iih  and  life  of  bac- 
teria, 43 

—  destruction  of  bacteria  by,  80 
Heat-stroke,  causes  of,  662 

—  early  signs  of,  663 

—  in  camps  and  barracks,  663 

—  liability  to,  increased  by  alcohol,  663 

—  measures  of  protection  against,  662 
Heidenhatn-,  Dr.  M.,  on  changes  in  nuclei 

and  cells,  235 
Hendon  farm,  malady  in  cows  at,  141 

scarlet  fever  by  milk  from,  148 

Herpes  fungus,  mycehum  and  spores,  plate 

xh.  fig.  101 
Hide-sorters,  anthrax  of,  113 
Hindoos,  burial  customs  among,  684 
Hindostan,  method  of  inoculation  in,  409 
HiEscH,  Dr.,  on  connection  between  erysi- 
pelas and  puerperal  fever,  355 

epidemic  i^neumonia,  372 

geogi'aphical  distribution  of  cere- 

bro-spinal  fever,  305 

diphtheria,  295 

influenza,  283 

— —  —  —  measles,  258 

— scarlet  fever,  266 

• typhoid,  315 

—  —  —  —  —  —  typhus,  275 

—  —  —  —  —  —  yellow  fever,  374 


HiESCH,   Dr.,    on   recurrence  of  small-pox 

epidemics,  396 
Hieschbeegee  OS  milk  of  tubercular  cows, 

214 
Holinshed's    '  Chronicles,'    small-pox    re- 
ferred to  in,  389 
Horn-pox,  a  variety  of  small-pox,  405 
Horse-pox,  relation  of,  to  cow-pox,  417 
Hospital  fatality  of  small-pox,  399 
Hospitals,  dissemination  of  small-pox  from, 
791 

—  military,  in  India,  615 

the  field,  616 

organisation  of,  615 

points  to  be  secured  in,  613 

—  —  stationary  field,  617 
wards  of,  614 

—  public,  for  infectious  diseases,  786 

—  influence  of,  on  surrounding 

neighbourhoods,  788 

—  ships  as,  618 

House-refuse,  duties  of  Medical  Officer  of 

Health  with  regard  to,  771 
Houses,  defects  in,  dangerous  to   health, 

760 

—  examination  of,  by  Medical  Officers  of 
Health,  774 

Housing  of  Working  Classes  Act   (1890), 

756 
HuEPPE  on   changes  in  bacilli  anthracis, 

120 

spore-formation  in  spirilla,  25 

Hutchinson,    Mr.,    on    vaccinal    syphilis, 

457 
Huts  as  barracks,  608 

—  temporary,  on  service,  609 

Huxley,  Prof.,  on  fungus  of  salmon-disease, 

239 
Hydrophobia,  195 

—  attenuation  of  virus  of,  198 

—  in  man,  pathology  of,  195 

—  nature  of  virus  of,  202 

—  Pasteuk's  method  of  treatment  of,  198 

—  l^reventive   and  protective   inoculation 
against,  198 

—  Eeport  of  English  Commission  on,  196 

—  results  of  Pasteur's  treatment  of,  201 

—  uncertain  occurrence  of,  in  persons  bit- 
ten, 200.     {See  also  '  Babies  ') 


Iceland,  ravages  of  small-pox  in,  387 
Immunity,  production  of,  by  injection  of 

'  toxins,'  56 
India,  burial  customs  in,  685 
Infantile  diarrhoea,  food  as  a  cause  of,  845 
Infantry,  dress  and  accoutrements  of,  635 
Infants,  suggested  rules  for  burial  of,  726 
Infection,  dissemination  of,  from  hospitals, 

791 

—  manner  of,  74 

—  nature  and  meaning  of,  71 
Infectious  diseases,  ambulances  for  cases 

of,  796 

among  scholars,  means  of  checking, 

802 

communicated  by  ships'  cargoes,  581 

compulsory  notification  of,  798 

conditions  requisite  for  development 

of,  244 
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Unfectious  diseases,  de  novo  theory  of,  245 
descent  of,   from   antecedent   cases, 

247 
— ■  —  determination  of  separate  natures  of, 

251 

—  —  difficulty  of  tracing  previous  cases  of, 
251 

dual  notification  of,  799 

—  —  due     to    micropliytie   life-processes, 
247 

—  —  duties  of  Medical  Officers  of  Health 
in  regard  to,  782 

epidemic,   pandemic,    and   endemic 

classes  of,  252 

essence  of,  3 

evolution  in  connection  with,  250 

germ  theory  of,  243 

hospital  accommodation  for,  786 

—  —  illustrations  of    new   beginnings  of, 
249 

—  —  immunity  from,  of  certain  individuals, 
255 

—  —  influence   of    season   on   spread    of, 
256 

investigation    of    outbreaks    of,     by 

Medical  Officers  of  Health,  806 

—  —  liability  to,  as  influenced  by  age  and 
sex, 255 

hst  of,  243 

micro-organisms  as  causes  of,  4 

—  —  modes  of  spread  of,  252 

—  —  natural  history  of,  243 
notification  of,  797 

—  by  Guardians  of  Poor,  797 

pathology  and  etiology  of,  3 

period  of  incubation  of,  253 

periodicity  in,  256 

—  —  protection  from,  252 

question  as  to  continuity  of  series  of, 

248 

recent  increase  of  knowledge  of,  3 

relative  fixity  of  type  of,  251 

removal  of  patients  suffering  from, 

801 

rules  regarding  notification  of,  799 

special  seats  of  invasion  of,  253 

— '  superadded  waves  '  of,  257 

variations  between  epidemics  of,  248 

Notification  Act,  diseases  specified  in, 

799 
measures  for  disarming  oppo- 
sition to,  800 

powers  and  duties  of  Medical 

Officers  of  Health  under,  800 

—  —   Prevention  Act    (1890),   powers   of 
Medical  Officers  of  Health  under,  813 

Inflammation  and  suppuration,  relation  of 

microbes  to,  90 
Influenza,  bacteria  found  in,  130 

—  blood   from  case  of,  with  bacilli,  plate 
xiv.  fig.  95 

—  case  mortality  of,  286 

—  cause  and  dissemination  of,  287 

—  chains    of  short   rods    from    bronchial 
sputum  of,  plate  i.  fig.  6 

—  geographical  distribution  of,  283 

—  history  of,  282 

—  influence  of  age  and  sex  on    mortality 
from,  280 

race,  climate,  and  season  on,  283 
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Influenza,  mortality  from,  284 
— •  periods  of  incubation  and  infectiveness 
of,  289 

—  propagation  of,  by  human  intercourse, 
288 

• —  protection  from,  287 

—  symptoms  resembling,  in  animals,  288 
Inhumation  first  practised  in  Europe,  679 
Inoculation,  alleged  evil  results  of,  413 

—  as  a  protection  from  small-pox,  408 

—  cases  of  small-pox  after,  414 
• —  fatality  rate  of,  416 

—  insusceptibility  to,  413 

—  invention  of,  in  China,  385 

—  made  illegal,  416 

—  method  of  testing  efficacy  of,  414 

—  methods  of,  408 

—  opinions  regarding  value  of,  412 

—  phenomena  of,  409 

—  practice  of,  in  England,  410 

—  profit  and  loss  by,  415 

—  protective  power  of,  414 

—  repeated,  effects  of,  415 

—  Suttonian  method  of,  411 

Inspector  of  Nuisances,  duties  of,  under 
InfectiousDiseases  Prevention  Act  (1890), 
813 

Notification  of  Infectious 

Diseases  Act,  801 

—  ■ with  regard  to  dairies,  cow- 
sheds, and  milkshops,  811 

relations  of,  to  Medical  Officer  of 

Health,  744 
Instructions  to  public  vaccinators,  427 
Ireland,  appointment  and  duties  of  Medical 

Ofiicers  of  Health  in,  821 
Iron,  age  of,  sepulture  in,  679 
Italy,  cremation  in,  717 


Jenner,  early  experiments  with  vaccination 
by,  416 

—  on  constitutional  symptoms  produced  by 
vaccination,  422 

—  —  modified  forms  of  small-pox,  407 
relationship  of  small-pox  to  cow-pox, 

142,  423 

spurious  small-pox  and  cow-pox,  420 

Jenner,   Sir   W.,   on   differences    between 

typhus  and  typhoid,  315 
Jevons,   Prof.,  on  correction  of  results  in 

statistics,  487 
Jews,  burial  customs  among,  685 
John  of  Gaddesden  on  small-pox,  388 
JoNSON,  Ben,  allusion  to  small-pox  by,  390 
Juein's  statistics  as  to  fatality  of  small-pox, 

399 


Kaelinski  on  microbes  in  pus,  90 
Kaetulis,  on  amceba  coli  in  dysentery,  186 
—  on   bacilli   of   catarrhal  conjunctivitis, 

133 
Keswick,  epidemic  of  scarlet  fever  at,  146 
Kilmarnock,  lessons  from  epidemic  of  small- 

pox  at,  436 
Kitchens  attached  to  barracks,  606 
KiTiSATO  on  bacilli  of  influenza,  131 
production  of  tetanus  in  animals,  193 
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KiTT  on  production  of  tetanus  in  horses, 
195 

Klebs'  '  antidote  theory '  of  acquired  im- 
munity, 56 

—  on  microbe  in  blood  in  influenza,  130 
KoLB  on  microbes  of  purpura  hfemorrhagica, 

102 
Koch  on  anthrax  bacilli,  110 

bacilli  of  cholera,  13,  175 

tuberculosis,  217 

in  scrofula  and  lupus,  221 

chemical  disinfection,  81 

Egyptian  ophthalmia,  133,  229 

imperfect     protection     by     vaccine 

against  anthrax  121 
influence  of  gastric  juice  on  cholera 

bacilH,  182 

mahgnant  oedema,  99 

mouse-septicasmia,  100 

results  of  feeding  animals  with  cholera 

dejections,  181 
septicaemia  in  rabbits,  98 

—  —  spirilla  of  relapsing  fever,  172 


Lancashibe    County    Council,    rules     for 

Medical  Officers  of  Health  of,  740 
Lancets  used  for  vaccination,  cautions  as  to, 

429 
Lateban  on  jolasmodium  inalarics,  191 
Lavehan's  corpuscles,   from   atypical  case 

of  malaria,  plate  xhi.  figs.  132-8 
Lead    coffins,   dangers    attending    use   of, 

728 
Leicester,  default  of  vaccination  in,  431 

—  epidemics  of  diarrhoea  at,  340 

—  experience  of  isolation  at,  460 
Leprosy  a  communicable  disease,  224 

—  baciUi   of,    224;    plate  xvh.   figs.    113, 
114  ;  plate  xxiv.  figs.  145,  146 

—  inoculation  experiments  with,  225 

—  pathology  of,  223 

—  question  of  conveyance  of,  by  vaccina- 
tion, 459 

Leptothrix,  formation  of,  11 
Leuckaet  on  coccidea,  232 
Leucocytes  as  a  nidus  for  certain  microbes, 
52 

—  objections  to  Metschnikoff's  theory  as 
to  action  of,  51 

—  question  as  to  germicidal  power  of,  50 
Leucocytosis   an   inconstant   phenomenon, 

52 
Lewis,  T.,  on  flagellate  monadinse  in  blood 

of  horses,  231 
Libraries,  public,  books  from,  in  infected 

houses,  801 
Life,  expectation  of,  490 

—  mean  and  probable  duration  of,  490 

—  insurance,  tables  of,  490 
tables,  construction  of,  488 

Light    as   influencing  growth    and  life  of 

bacteria,  43 
Lime  as  a  disinfectant,  83 
LiNGAED  on  inoculation  of  guineapigs  with 

lupus  and  scrofula,  221 
transmission  of  anthrax  to  the  foetus, 

77 
Lister,  Sir  J.,  on  doctrine  of  spontaneous 

generation,  245 
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Liverpool,  experience  of  burial-grounds  irt 
720 

—  extramural  cemeteries  near,  724 

—  rules  as  to  space  round  houses  in,  762 
Local    authorities,   provision   of    isolation- 
hospitals  by,  787 

—  Government  Board  and  Medical  Ofiicers- 
of  Health,  734 

rules  (1891)  for  appointment  and 

duties  of  Medical  Officers  of  Health,  741, 

747      ^ 
Lodging-houses,  inspection  of,  by  Medical 

Officers  of  Health,  765 
LoFFLEB  on  bacillus  of  diphtheria,  155 

glanders,  204 

method  of  staining  of,  33 

London  bills  of  mortality  with  regard  to- 

small-pox,  433 

—  decline  in  mortaUty  from  small-pox  in 
434 

—  Fever  Hospital,  question  as  to  influence- 
of,  on  neighbourhood,  789 

—  in  1665,  churchyards  in,  693 

—  multiplication  of  graveyards  in,  693 

—  number  of  graves  in,  705 
LoNGSTAFF,  Dr.,  ou   causes  of    diphtheria 

803 
—  relation  between  diphtheria  and 

croup,  867 
erysipelas    and    puerperal 

fever,  855 
LuBARSCH    on  germicidal  action  of  living 

tissues,  50 
Lupus,  relation  of,  to  tuberculosis,  221 
LusTGAETEN  on  method  of  staining  syphihs 

bacillus,  33 
Lymph  and  blood,  normal,  power  of,  to  kill 

bacteria,  49 

—  calf,  use  of,  429 

—  vaccine,  cautions  as  to  taking,  428 
storage  of,  428 


Macnamaea,  Mr.,  on  locality  as  affecting- 
spread  of  cholera,  334 

Malaria  plasmodium,  plate  xhi.  figs.  108— 
131 

Malarial  disease  among  soldiers,  658 

conditions  predisposing  to,  658 

during  Ashanti  war,  659 

forms  of,  658 

history  and  distribution  of,  846 

influence  of  age  and  sex  on  hability 

to,  349 

seasons  on  spread  of,  349,  659 

measures  of  protection  against,  659 

nature  of  poison  of,  658 

protection  or  acquired  immunity  in,. 

349 

quinine  as  a  prophylactic  in,  661 

spread  of,  by  air-currents,  349 

water,  350,  660 

transportation  of  organisms  of,  847 

Malignant  cedema,  cultivation  of  the  aerobic 
bacillus  of,  in  broth,  plate  vi.  fig.  42 

anaerobic  bacillus  of,  in  grape- 
sugar  gelatine,  i^late  xxix.  fig.  36 

fiuid   of   guineapig,    dead   of,    after 

inoculation  with  garden-earth,  plate  vi. 
fig.  40 
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Malignant  oedema,  fluid  of  rabbit,  dead  of, 
after  inoculation  with  the  aerobic  bacillus 
of,  plate  vi.  fig.  41 

plate-cultivation  in  gelatine  of  aero- 
bic bacillus  of,  plate  xxvi.  fig.  4 

production  of,  99 

shake-cultures    in    gelatine    of    the 

aerobic  bacillus  of,  plate  xxviii.  figs.  24- 
26 

stab-culture  in  gelatine  of  the  aerobic 

bacillus  of,  plate  xxviii.  fig.  23 

Malta  fever,  micrococci  found  in,  171 

Malthusian  theory  of  population,  472 

Makchiatava  and  Celli,  on  plasmodium 
malarifE,  192 

Marching,  amount  of  work  done  in,  640 

—  in  foreign  armies,  640 

—  pace  and  steps  in,  639 

—  precautions  as  to,  641 
Marine  hygiene,  513 

and  port  sanitation,  583 

prevention  of  disease  on  shipboard, 

583 

-; bibliography  of,  596 

cargoes  and  other  contents  of  ships 

in  relation  to,  581 
rules  for,  580.      {See  also  '  Sailors,' 

'  Sea,'  '  Shipping,'  and  '  Ships  ') 
Marquees,  hospital,  612 
Marriage-rate,  statistics  of,  498 
Marriages,  births,  and  deaths,  returns  of, 

474 
Maeson,  Mr.,  on  value  of  multiple  marks  of 

vaccination,  446 
Maetin,   Dr.   S.,   on   chemical    nature    of 

diphtheria  poison,  157 
Mastitis,  purulent  matter  in  abscess  of,  plate 

iv.  fig.  24 
McLeod    and    Mills     on    production    of 

cholera  in  guineapigs,  180 
McVail  on  statistics  of  syphilis  mortality, 

459 
Measles,  cause  and  mode  of  dissemination 

of,  262 

—  fatality  of,  260 

—  history  and  geographical  distribution  of, 
257 

—  influence  of  age,  sex,  and  race,  on  liability 
to,  261 

climate  and  season  on  prevalence 

of,  258 
- —  mortality,  actual,  from,  259 

—  periodicity  of,  258 

—  periods  of  incubation  and  infectiveness 
of,  262 

—  protection  from,  263 

—  resemblance  between,  and  Eotheln,  265 
Meat,  putrid,  bacillus  in,  101 
Meat-poisoning,  bacilli  in  kidney  from  case 

of,  plate  XXV.  fig.  152 
Medical     Officers   of   Health,    analyses    of 

water  and  air  not  the  duty  of,  769 

and  Act  of  1872,  734 

appointment  of,  under  Act  of 

1875,  735 
correspondence  of,  with  Local 

Government  Board,  752 

—  creation  of,  733 

dra,wbacks  of  uncertain  tenure 

of  office  by,  746 


MED 

Medical  Officers  of  Health,  duties  of  (Local 
Government  Board,  1891),  747 

■  under  Housing  of  Work- 
ing Classes  Act  (1890),  756 

with    regard    to     alkali 

works,  778 

—  burial  -  grounds, 

—  cholera        out  - 

—  closure  of 

—  construction   of 

—  disinfection. 


809 

breaks,  784 
schools,  803 
mortuaries,  809 
783,  814 


■ epidemics,  805 

hop-pickers,  766 

hospital  accom- 
modation for  infectious  diseases,  786 

house       refuse, 

771 

■ infectious     dis- 
eases, 782 

investigating 

outbreaks  of  infectious  diseases,  806 

new  streets  and 


buildings,  809 


777 

rivers,  771 

805 

and  Drugs  Act,  780 

&c.,  779 

drainage,  770 

780 

ceedings,  810 

778 

767 


nuisances,  771 
offensive  trades. 


—  pollution         of 

—  re  -  vaccination, 

—  Sale     of    Food 
horseflesh, 

—  sewerage      and 
-slaughter-houses, 

—  taking  legal  pro- 

—  unsound    meat, 

—  water  -  supply. 


for  City  of  London  (1892),  736 

general  rules  for  guidance  of, 

743 
in    Ireland,   appointment   and 

duties  of,  821 

Metropolis,  duties  of,  740 

Scotland,  appointment  and 

duties  of,  815 
inspection   of    bakehouses   by, 

753 

■ canal-boats  used  as  dwel- 
lings, 767 
-  ■ cellar      dwellings      and 

lodging-houses  by,  765 
dairies,    cowsheds,    and 

milkshops  by,  810 
factories  and  workshops 

by, 755 

infected  ships  by,  785 

overcrowded  buildings  by, 

704 
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Medical  Officers  of  Health,  inspection   of 

premises  by,  method  of,  774 
seamen's  lodging-houses 

by,  766 
tents,  vans,  and  sheds  by, 

766 
'  unhealthy     areas  '     by, 

756 
unhealthy  dwelling  - 

houses,  757 
water-supply  by,  767, 777, 

807 
working  -  class     lodging  - 

houses  by,  759 
knowledge    of    subjects   to   be 

possessed  by,  742 
length  of  tenure  of  office   by, 

745 

Habilities  of,  752 

notes  of  proceedings  of,  750 

notification   of   infectious    dis- 
eases to,  797 
of     Administrative     Counties, 

738 
Port    Sanitary   Authorities, 

duties  of,  749 
penalties  incurred  by,  for  mal- 
practices, 752 
■ personal  qualifications  of,   es- 
sential to  success,  741 
powers   and    duties   of,   under 

Notification  Act,  800 

of ,  to  enter  premises,  772 

• qualifications    and    duties   of, 

736 
• relations  of,   to   Inspectors  of 

Nuisances,  744 

reports  made  by,  751 

—  rules    (1891)    for   appointment 

and  duties  of,  741 

salaries  and  pensions  of,  747 

Medium,  influence  of,  on  activity  of  bacilli, 

70 

—  reaction    of,    as     affecting    growth     of 
bacteria,  45 

Meningitis,  diplocoecus  pneumonia  in,  129 
Mercury  perchloride  as  a  disinfectant,  82 
Metropolis,   duties   of   Medical   Officers  of 

Health  in,  740 
Metschnikoff  on  destruction  of  bacteria  by 

white  corpuscles,  50,  172 
Mexico,  ravages  of  small-pox  in,  391 
Microbes,  manner  of  infection  by,  74 
Micrococci,  a  group  of  bacteria,  8 

—  absence  of  motility  in,  15 

—  differentiation  of  species  of,  28 

—  distinguished  from  bacilU,  10 

—  forms  of,  8 

—  in  erysipelas,  93 

—  of  suppuration,  84 
vaccine  lymph,  144 

—  pyogenic,  chemical  substances  produced 
by,  91 

in  ulcerative  endocarditis,  92 

mode  of  action  of,  91 

—  question  as  to  spores  of,  26 

—  species  of,  in  mouth  and  pharynx,  46 

—  variations  in  forms  of,  9 
Micrococcus  aquatilis,  alleged  existence  of, 

in  pure  water,  17 
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Microcoecua  aurantiacus,  streak-culture  of,, 
on  gelatine,  plate  xxxii.  fig.  61 

—  prodigiosus,  shown  to  be  a  bacillus,  9 

—  scarlatinse,  culture  on  gelatine,  plate  i- 
fig.  5 

—  tetragonus,  9,  89  ;  plate  i.  fig.  4 
Micro-organisms  as  causes  of  disease,  4 

—  classes  of,  4 

—  varieties  in  pathogenic  properties  of,  248 
Microphytes,  saprophytic,  modifications  of 

functions  of,  249 
Middlesbrough,  bacilli   in  pneumonia  epi- 
demic at,  127 

—  pneumonia  epidemic  at,  372 
Mieschee's  coccidia  tubes,  233 
Mikulicz's  cells  of  rhinoscleroma,  207 
Military  Hygiene,  601 

—  service,  effects  of,  645 
Milk-diphtheria,  epidemics  of,  161,  301 

—  dissemination  of  typhoid  by,  167,  324 

—  transmission   of   scarlet   fever  by,   141 
146,  273 

tubercle  by,  215 

Moisture  as   affecting  growth   of   bacteria, 

18 
MonadincE-  in  connection  with  disease,  230 
Monti  on  virulence  of  bacteria  increased  by 

other  species,  60 
Montreal,  lessons  from  small-pox  epidemic 

in,  450 
MooKE,  history  of  small-pox  by,  386 
Mortality  as  infiuenced  by  age,  500 

- — • birth-rate,  501 

occupation,  506 

—  bills  of,  473 

—  from  small-pox,  decline  in,  433 
in  various  countries,  392 

—  preventable,  statistics  of,  499 

—  rate  of,  and  atmospheric  changes,  504 

density  of  population,  502 

Mortuaries,    duties  of   Medical   Officers  of 

Health  with  regard  to,  809 
MosLEE   on   epidemic   of    croupous  pneu- 
monia, 129 
MoTT,  Mr.,  on  vaccination  and  inoculation, 

426 
Moulds  or  mycelial  fungi,  237 
Mouth  and  pharynx,  bacteria  found  in,  46 
Mucor  a  mould-fungus,  239 
— ■  corymbifer,  hyphse  and  sporangia,  plate 

xli.  fig.  103 
Mucous    membrane,   passage    of    bacteria 

through,  76 

presence  of  bacteria  in,  47 

MuDGE,  Mr.  J.,    on   inoculated  small-pox, 

435 
Mumps,  cause  and  mode  of  disseminatioa 

of,  293 

—  fatality  of,  292 

—  history  and  distribution  of,  292 

—  influence  of  age,  sex,  climate,  &c.,  on  pre- 
valence of,  292, 

—  period  of  incubation  of,  293 

—  protection  from,  293 

—  relation  of,  to  other  diseases,  293 
MuECHisoN,  Dr.,  on  non-infectious  character 

of  typhoid  fever,  319 

relapsing  fever,  281 

simple  continued  fever,  312 

typhoid  fever,  314 
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MuEPHY,  Mr.  S.,  on  influence  of  London 
Fever  Hospital  on  neighbourhood,  789 

inoculation  of  cows  with  vario- 
lous matter,  423 

Mussulmans,  burial  customs  among,  685 

Mycosis  mucorina  in  man,  239 


Nasal  cavities,  bacteria  present  in,  47 
Navies,  sickness  and  mortality  of,  574 
Navy,  results  of  re-vaccination  in,  443 
Neisser  on  bacillus  of  leprosy,  224 

gonococcus  of  gonorrhoea,  132 

New  England,  practice  of  inoculation  in, 

410 
NicoLAiEE    on  production    of    tetanus   in 

animals,  193 
Notification  of  Infectious  Diseases,  798 
Nuisances,   duties    of    Medical   Ofiicer    of 

Health  with  regard  to,  771 
Nurses  in  small-pox  hospitals,  protection  of, 

by  re-vaccination,  444 
Nutrient  agar,  cultivation  of  bacteria  in,  40 


Oaelet,  Suffolk,  epidemic  of  cerebro-spinal 

fever  at,  307 
Obermeyee  on  spirilla  of  relapsing  fever, 

171 
Occupations,   influence    of,    on    mortality, 

506 
Odours,  foul,   in  houses,  investigation  of, 

766 
(Edema  fluid  of  guineapig,  after  inoculation 

with  anaerobic  oedeina  bacillus,  plate  vii. 

fig.  44 
Offensive  trades,  duties  of  Medical  Officers 

of  Health  with  regard  to,  777 
Oidium  lactis,  237 
mycelium  and  spores,  plate  xl.  fig.  99 

—  of  favus,  237 

Ophthalmia  among  troops,  causes  and  forms 

of,  666 
precautions  against,  667 

—  catarrhal  or  Egyptian,  pus  with  minute 
bacilli,  plate  xiv.  figs.  97,  98  ;  plate  xviii. 
fig.  123 

■ —  Egyptian,  causes  of,  133,  229 

Otitis  media  and  rhinitis,  caused  by  diplo- 

coccus  2^neumonice,  130 
Overcrowded  buildings,  duties  of   Medical 

Officers  of  Health  with  regard  to,  764 
Oxford,  epidemic  of  scarlet  fever  at,  147 


Paget,  Mr.  C.  E.,  on  mortahty  in  unhealthy 

areas  in  Salford,  760 
Parsees,  burial  customs  among,  684 
Parsons,  Dr.,  on  disinfection  by  heat,  80 

epidemics  of  influenza,  284,  287 

relation    of    diphtheria    to    other 

diseases,  303 
Pasteur  on  attenuation  of  anthrax  bacilli, 

120 

bacilli  of  anthrax,  112 

—  fowl-cholera,  104 

charbon  germs  in  soil,  702 

nature  of  virus  of  rabies,  202 

preventive  inoculation  against  rabies, 

198 


POC 

Pasteur  on  rabies,  196 
Pearson,  Dr.  G.,  on  history  of  cow-pox,  417 
Pebrine    (of    silkworms),   nature   and   mi- 
crobes of,  122 
Penicillium  a  mould-fungus,  238 

—  glaitcimi,  plate  xli.  fig.  102 
Periodicity  of  small-pox,  395 

Perkins's    automatic  ventilator  for   ships, 

541 
Persians,  ancient  burial  customs  of,  683 
Petruschky    on    infection    of    frogs   with 

anthrax,  53 
Pettenkofer  on  influence  of  ground-water 

on  dissemination  of  typhoid,  267 
Pfeffee  on  chemiotactic  power  of  various 

substances  over  bacteria,  54 
Pfeiffer  on  bacilli  of  influenza,  131 
coccidia  in  epithelium  in  variola,  &c., 

233 
septicaemic  effect  of  vibrio  Metschni- 

KOFF  on  pigeons,  185 
Phagocytosis   an   inconstant  phenomenon, 

52 

—  theory  of,  50 

Phthisis,    prevalence    of,    connected   with 

occupations,  364 

due  to  overcrowding,  363 

Pierce,  Dr.  B.,  on  torula  in  diabetic  urine, 

236 
Pigment  formed  by  some  species  of  bac- 
teria, 44 
Plasmodium  malarice  as  a  cause  of  inter- 
mittent fever,  191 ;  plate  xlii.  figs.   108- 

131 
Plate-culture  of  bacteria,  37 
Pneumonia,    association    of,    with     other 

diseases,  372 
• —  bacilli,  attenuation  of  power  of,  69 

movements  of,  14 

■ —  croupous,  bacilli  of,  culture,  plate  v.  fig. 

35 
culture  in  broth,  plate   xxvii. 

fig.  19 
stab-culture  in  gelatine,  plate 

XXXV.  fig.  71 
• streak-culture,  plate  xxvii.  fig. 

10  ;  plate  xxxiv.  fig.  65 
colonies   of  bacilli   of,   on   gelatine, 

plate  xxxi.  fig.  51  ;  plate  xxxiii.  fig.  57 
lung-juice  in,  showing  blood-discs  and 

bacilli,  plate  v.  fig.  32 
section  through  lung  in,  plate  v.  figs. 

33,34 

—  epidemic,  diplococcus  of  Frankel  and 
Weichselbaum  in,  126 

an  infectious  disease,  123 

FiNKLER  on,  126 

microbe  in  sputum  in,  124 

symptoms  of,  124 

—  epidemics  of,  373 

—  history  and  distribution  of,  369 

—  infectiousness  of,  371 

—  influence  of  cold  in  causation  of,  370 

—  lobar,  forms  of,  371 

—  mortality  and  fatality  of,  872 

—  nature  and  forms  of,  368 

—  predisposing  causes  of,  372 

—  race,  age,  and  sex  as  influencing  liability 
!       to,  371 

!   Pock,  derivation  of  term,  390 
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Officers  of  Health  of,  749 
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Protection  from  attacks  of  small-pox,  403 
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Proteus    hominis   in   rag-sorters'   disease, 

102 

—  vulgaris,  a  bacillus  in  putrid  meat,  101 
colonies  of,  and '  swarmers,'  plate  ii. 
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pox in,  434 
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80 
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Purpura  hitmorrhagica,  microbes  of,  102 


KOM 

Purulent  processes,  relations  of,  to  bacteria, 

90 
Pysmia,  mode  of  production  of,  91 


QuAEANTiNE  and  Quarantine  Act,  584,  587 
Quarter  ill,  or  black  leg  in  cattle,  108 
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incubation  and  spread  of,  264 

mistakes  in  diagnosis  of,  265 

protection  against,  265 
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Sale  of  Food  and  Drugs  Act,  duties  of 
Medical  Officers  of  Health  with  regard  to, 
780 

Salmon  disease,  fungus  of,  239 
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Septic  intoxication  from  injection  of  pto- 
maines, 72 

Septicemia  as  a  term  applied  to  a  group  of 
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Shakespeare,  small-pox  referred  to  by,  391 
Sheffield,   lessons   drawn    from   small-pox 
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Smith,  Dr.  W.  R.,  on  streptococci  of  puer- 
peral septicaemia,  102 

Soil  as  inlluencing  properties  of  microbes, 
248 

—  examination  of  bacteria  in,  62 
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XXXV.  fig.  71 
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